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PREFACE

TO

THE SECOND EDITION.

THE first edition of this little book met with so ready an
acceptance that I had reason for my hope that it would
supply a want. The present edition is entirely rewritten,
and by considerable additions I have endeavoured to render
it a more efficient text-book for students.

The illustrations, drawn by Mr. Searson, curator of the
Manchester School of Medicine, are taken from various
standard works on Comparative Anatomy, including those
of Owen, Cuvier, Lieberkiihn, Rathke, Mivart, Huxley,
Carpenter, Rymer Jones, Gegenbaur, Flower, Nicholson,
Forbes, Allman, and Herbert Spencer. Some few are
original,

I am indebted to Mr. Searson for much trouble which he
has expended in framing the Index to this work, and also
for continual assistance during its progress through the
press.
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MANUAL

OF

COMPARATIVE ANATOMY AND PHYSIOLOGY.

CHAPTER 1.

NaTUrRE AND ComposiTioN oF ANIMAL CELLS—DIFFERENCE BETWEEN
PraxTs AND Axmmars—Suvp-Kinepoms, Crasses, Orpers, FaMiLies
(GENERA, AND SPECIES—DIVISIONS OF THE AxiMaL Kincgpow.

TaE ultimate composition of every animal is either granular
or cellular ; all, indeed, but the very simplest organisms being
developed from cells, and a similar structureless, intercellular
matrix, or blastema.

The definition of an animal cell has become more and more
simplified, until it is now merely described as a nucleated mass
of protoplasm—the protoplasm being a transparent substance,
partly albuminous and partly amyloid, which forms the physical
basis of every living creature.

Although it is not essential that an animal cell should possess
a cell wall, yet an envelope called the periplast, which contains
the semifluid endoplast, or protoplasm, is generally present,
within which a small body termed the nucleus is found, which
in its turn contains still minuter bodies, the nuecleoli.

As indicated in the first paragraph, however, we cannot pre-
dicate with strict correctness the cellular character of all animals,
for some of the lowest organisms may, and do, consist of un-
nucleated protoplasm, e.g., many of the Rhizcpoda simply consist
of semifluid sarcode, whieh cannot be said to be enclosed in a
cell wall, inasmuch as the processes which are constantly being
thrown out on all sides coalesce with one another much as
several minute globules of oil may run together to form a single
globule.? This nonnucleated protoplasm, however, is possessed

! It may here be added that the between the embryological proto-
microscope discovers no difference plasm of an amwmba, a molluse, a
B



2 COMPARATIVE ANATOMY.

of some of the most remarkable attributes of animal life ; thus
it is capable by some unknown, and perhaps unknowable force,
of producing architectural structures (e.g., the shells of Fora-
minifera and Rhizopoda), of the greatest regularity and most
singular beauty, of actively searching for prey, and of moving
from place to place.

It is only by a process of aggregation that the ultimate par-
ticles of the protoplasm, which we must conceive to be granular,
build themselves up into a cell, so that we should regard a cell
as representing the second degree of complexity in animal life.

It is easy to understand how cells once formed may remain
separate, or may grow together so as to form fibres, or tubes,
or membranes, which form the fluid and solid constituents of
animals, though some structures, e.q., homogenous membranes,
may be developed directly from the fluid protoplasm without
the intervention of cell formation.

New cells are formed in various ways, each of which typifies
a different mode of reproduction of the species.

By one mode, a cell and its contained nucleus splits into two
distinct cells, each containing its proper nucleus. This is the
fissiparous mode of development. By another method, a cell
develops a small bud from one part of its envelope, which, after
growing, becomes detached from the parent cell, and assumeg
the form and function of a perfect cell. This is gemmiparous
development. A third plan is for the nucleus to divide into
one, two, or more nuclei, which either burst their way out of
the cell wall, and then become developed into perfect cells, exo-
genous development ; or, after their division, grow up within
the envelope of the parent cell into mature cells, endogenous
development. Their multiplication thus provided for, animal
cells undergo various changes in form and composition. Some
lengthen out into thin thread-like bodies, which, becoming con-
nected end to end of other similar cells, constitute the histo-
logical elements of the fibrous tissues ; others remain as circular
cells with or without periplast, and constitute the cells of the

doom of deecay ; there is already laid

fish, or of man, yet each inevitably
tends to produce its like; this is
due to the atoms of each embryo
possessing the potential morphologi-
cal and physiological properties of
the parent organism, hereditariness
impressing itself even to the trans-
mission of moral qualities. Thus
the impregnated germ-cell has with-
in it all the physiological possibili-
ties of the future being: it carries
hoth its law of growth and its

down in undistinguishable, but still
certain and unalterable, characters,
the nature of the future being, the
physical form, the shape of the
frame, and the colour of the eye. nay,
even the moral and intellectual being
is already there in embryo, the men-
tal powers which shall develope into
a ruler of men or a serf, the moral
qualities of a hero or a scamp.



VEGETABLE AND ANIMAL CELLS. 3

blood, the chyle, &c. ; others become loaded with earthy or cal-
careous particles, and so build up the skeletons of animals ;
others become converted into skin, by being flattened out and
dried ; others, again, remain distinctly cellular, and constitute
the animal secretions.

There is very little difference between the individual vegetable
and animal cell ; but the points to be chiefly noted are these.
The wegetable cells are always pernfect cells ; they are surrounded
by very little blastema, they are mutually independent of each
other, and they require for their nourishment a pabulum drawn
from the inorganic world. On the other hand, animal cells are
frequently imperfect, being deficient in a cell wall ; they are
always surrounded by a considerable amount of blastema, they
are mutually dependent on each other, and they derive their
nourishment from the organic world alone. By this latter pro-
perty the two kingdoms supplement each other’s requirements,
and so maintain the natural cycle of life. The animal dies, and
is resolved into the inorgaric world, in which condition he be-
comes food for the plant; the plant then re-converts this
pabulum into organie matter, when it re-becomes meet food for
the animal.

The dawn of animal life is, as may be gathered from what has
cone before, indistinet, and often difficult to discern. The
border-land between the vegetable and animal kingdom is the
scene of a perpetual conflict of opinion, doubtful forms changing
sides more than once during the contest. Perhaps the most
important differential characteristics of animals are, first, the
fact of their food being always derived from the organie world,
and, secondly, the fact that in their physiological processes they
are synthetical, whilst vegetables are analytical ; in other words,
animals take in oxygen and give out carbonic acid, which is
formed in their system ; whilst plants take in carbonic acid,
and, breaking it up into its component parts, give out the oxygen
and retain the carbon.

Some fungi, however, require complex organisms for nourish-
ment, and it is said, on the other hand, that the Protozoon called
Bathybius, derives nourishment directly from the oxygen in the
water.

It follows from these facts that there is no single circumstance
which separates the two kingdoms. The lowest plants and the
lowest animals approach each other more closely than the high-
est plants and the lowest animals, e.g., the position of bacteria
and wvibriones is still doubtful, but no one could doubt the
vegetable nature of any exogen, or the animal nature of any

vertebrate. The lowest plants and animals seem indeed to meet
B 2



4 COMPARATIVE ANATOMY.

upon a common platform, whence it seems uncertain to which
kingdom they will tend. Life, therefore, does not form a
continuous ladder; the two kingdoms diverge at the wvery
beginning, and do not serially succeed each other. This is
equally true again of the animal kingdom as of the vegetable,
for we find that the sub-kingdoms into which it is divided do
not serially succeed each other, but one after another diverge at
some rung of the ladder leading in quite a different direction to
that of the parent stock.

The whole animal kingdom is divided into sub-kingdoms,
classes, orders, families, genera, species, and varieties, with
constantly less important and diminishing lines of demarcation
between the divisions as we descend the list. Placing them
tabularly :—

Sub-kingdoms represent the primary divisions of animal king-
doms, each representing an essentially different type of struc-
ture.

Classes are the largest divisions of the sub-kingdom, and the
most natural of all. They resemble each other in their funda-
mental plan, but differ in the way that the plan is carried into
detail.

Orders are smaller divisions, having all the essential charac-
ters of the classes, but differing in further detail.

Families are still smaller divisions.

Genera, a subdivision of an order.

Species, a group of individuals always fertile, and invariably
reproducing their like—

To take an illustration—a spaniel is a * variety’ of the ‘spe-
cies’ dog, which is placed in the °genus’ Canis (containing
also the jackal and the wolf), in the family of Digitigrada, in the
order ‘Carnivora,” in the class of Mammalia, and in the sub-
kingdom of the Vertebrata.

The sub-kingdoms at present recognised are—

Vertebrata.
Mollusca. Annulosa.
Molluscoida. Annuloida.
Coelenterata.
Protozoa.

Protozoa is clearly the lowest sub-kingdom, Vertebrata as
certainly the highest. Itis to be observed, however, that we
do not reach Vertebrata by a single line, but that.the sub-king-
dom Ceelenterata branches into two streams, each of which
conducts us to the top of the animal ladder.
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CHAPTER IL

TaEORY oF EVOLUTION—SKETCH OF EVOLUTION OF THE ANIMAL
KixepoM—PHYLUM oF THE SuB-KiNGDOMS.

THE infinite variety of animal forms which exist, and have
existed, are believed by most naturalists of the present day to
have appeared upon the earth by a process of evolution from
some preceding form. This theory is carried back to the very
origin of living beings, and holds that the simplest organisms
are evolved from a new arrangement of material molecules which
were previously unendowed with vitality. This doctrine assumes
that the Divine Governor and Architect of the Universe has
established certain laws by which the gradual and progressive
evolution of life from death, and of higher from lower forms, is
guided and ruled.

Several factors are probably at work in determining this
genesis of new species. Of these the most powerful is Natural
Selection, or, as it is styled, the law of the survival of the fittest.
This law shows that any animal possessing any sort of advantage
over its congeners is likely to transmit the peculiarity to its ofi-
spring, and finally, in the continual struggle for existence, to
supplant the less favoured forms. An immense variety of de-
velopmental or evolutional changes may be explained by this
law, but alone it is not sufficient to explain all, and we conse-
quently find that use and disuse of parts, sexual selection, the
influence of surroundings of every kind, and other causes, con-
tribute to give rise to the evolution of new species. It is by no
means necessary to assume that some one simple orvganism
underlies, and has given origin to, all succeeding animal forms,
as some indeed are inclined to believe ; on the other hand, it is
more probable that the same incident forces, constantly operat-
ing, would frequently meet with many different materials, and
so would give rise to various results in many places, and per-
haps at many times. Any one who has watched the crystal-
lisation of some saline solution beneath the electric light,
may rationally figure to himself the simultaneous but multi-
tudinous burst of life which probably is for ever oceurring
among the simplest organisms,
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It is perhaps possible to give a sketch of the evolution of
animal forms in a few sentences which may be sufficient to
1llustrate the general doctrine.

After the evolution of such simple animals as the Rhizopoda,
which we have seen to be masses of nnnucleated protoplasm, the
first step would be for the sarcode to acquire a denser envelope.
This change would be followed by the development of cilia from
its surface to supplant, as locomotive organs, the pseudopodia
which would no longer be protrudible ; one part of the envelope
would then become indented, to permit of the readier ingress
of food, and so the Rhizopod would evolve the Infusorium. The
steps are easy from the Infusoria to such simple Ccelenterata as
the Hydree, which give us a clue to further progress. The
animals now reached are cellular in constitution, and constantly
develop congeries of cells, or buds, from the sides of their body,
which may either remain attached to the parent organism, or
may become detached, when they will themselves grow up into
forms like those from which they sprung. If these buds remain
attached to the parent they may nevertheless become matured,
and in this manner we are able to understand the development
of such compound animals as Salpidee or Spongidee, or the
compound Aetinozoa. Thus, e.g., such animals as Sponges are
formed by an integration (by simple adhesion as it were) of a
vast number of minute but independent organisms, which are
loosely united, to form the entire colony, each organism sub-
serving some function of the compound animal. These changes
are simply due to a process of gemmation, which perhaps may
be made clear by the accompanying diagram, for it is easy to
understand how such a creature as ¢ might, by budding, evolve
an organism like b,

Fig. 1.

DIAGRAM T0 ILLUSTRATE THE EVOLUTION OF ASCIDIOIDA,

a Phallusia mentula.

b Perophora—designed to show how a compound Ascidian, growing from a com-
mon stolon, may be evolved from a solitary and simple form.

Now when each of these gemmiparously produced individuals,
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still attached to the parent form and to each other, enjoy
equal advantages on every side, the result will be morphological
uniformity in the individual organisms, but when the individual
zoophytes do not possess equal advantages a certain differen-
tiation will take place. If, for example, the buds, instead
of appearing laterally, are produced linearly one behind ano-
ther, it is manifest that the two end ones will enjoy much
greater freedom of movement than the central ones. Now it is
exactly this step which has taken place in the Annelides, and
as a consequence the terminal segments, for the various seg-
ments are here held to be nothing but imperfectly separated in-
dividuals, become the head and the tail of the animal.

It is now presumed that the integration has been carried to the
extent of merging the separate individuals entirely in the single
life of the whole organism. The force of this argument, viz., that
animals of the annelid and annulose type are composed of seg-
ments which are really imperfectly separated individuals, gains
much force from the circumstance that linear gemmation does
occasionally become complete, each separate segment becoming
a perfect annelid. The accompanying diagram illustrates this
linear gemmation taking place in the ;

Syllis, one of the Annelida. by

The Annulose animal is a decided
advance upon the Annelid, but the
same principle of evolution may still
be traced. Embryology, which ever
affords the best guide to the natural-
ist in tracing genealogies, and mor-
phological comparisons of lower with
higher numbers of this class, showing
that they are composed, like Annelides,
of the aggregates of imperfectly se-
parated individuals, now called som-
ites, which as we ascend the class
ever become more and more differen-
tiated in form and function, until in
such creatures as the Crab or the
Spider there is little trace left of that
‘ vegetative repetition’ which is so
manifest in the common Earthworm, ©¢7rhatula anaof the Soncliday

Having, however, reached the class two distinet, ingfviduals ﬂt,f
of Insects we can ascend no higher in Epgl‘}f:;*;ji; segmentation fron
the animal scale ; we have got to the
top of the animal ladder in this direction ; so to trace the evo-
lution of Mollusca and Vertebrata we must try back again,
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Reverting once more to the Ccelenterates we find them merging
by fine, and, indeed, almost imperceptible, degrees into animals
sometimes free and sometimes compound, called Molluscoida.
One class of the Molluscoida termed Brachiopoda, are enclosed in
bivalve shells, and from one part of their body being more advan-
tageously situated than the opposite, they become asymmetrical.
These Brachiopods conduct us to the large sub-kingdom of the
Mollusca, which cease to exhibit any trace of vegetative repetition,
never compound, and never multiply gemmiparously or fissi-
parously, but always by the congress of the sperm cell and the
germ cell. The highest Molluse, like the highest Annulose
animal, leads us no higher; but another class of the Molluscoida,
the Ascidioida, in the possession of a dorsal ecartilaginous rod
(resembling the notochord of Vertebrates), in the mode of their
development, and in the position of their nervous system, con-
duct us to the lowest vertebrate—a fish, called the Lancelet, or
Amphioxus. This animal may very easily be supposed to be the
prototype of all the other vertebrate classes, although its own
organisation is of the simplest character, possessing neither
brain, nor heart, nor true vertebral column, and indeed being
entitled to rank among the Vertebrates, solely because it pos-
sesses the dorsal rod before mentioned, the notochord, or chorda
dorsalis, from which the vertebrze in all Vertebrata are primor-
dially developed. Supposing this sketch to be approximately
true, the accompanying diagram will illustrate the progressive
evolution and divarication of the several subkingdoms.

Professor Hiickel has devoted much time, learning, and
talent, to the investigations of these lines of descent, and the
two following tables are adopted from his great work on ¢ Gene-
relle Morphologie.” The first gives an outline, much abbreviated
from the German professor’s work, of the whole animal tree ;
the second indicates the phylum of the vertebrate classes.

It must, however, be conceded that whilst evolution explaing
the morphological varieties of animals, evolution itself is not
proved in all particulars. This does not imply that evolution is
not entirely true, but simply that at present we are not justified
in regarding it as demonstrated. The chief difficulty it has to
contend with is accounting for the incipient stages of useful
structures—an example will serve to define what is meant.
Mr. Mivart, who in his ¢ Genesis of Species ’ has called especial
attention to this point, says, ‘Let us consider the mammary
gland, or breast. Is it conceivable that the young of any animal
was ever saved from destruction by accidentally sucking a drop
of searcely nutritious fluid from an accidentally hypertrophied
cutaneous gland of its mother? And even if one was so, what
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THEORY OF EVOLUTION, 9

chance was there of the perpetuation of such a variation?’ To
this Mr. Darwin replies : ‘It is admitted by most evolutionists
that mammals are descended from a marsupial form ; and if so
the mammary glands will have been at first developed within
the marsupial sack. In the case of the fish (Hippocampus), the
eggs are hatched, and the young are reared for a time, within
a sack of this nature ; and an American naturalist, Mr. Lock-
wood, believes from what he has seen of the development of
the young, that they are nourished by a secretion from the
cutaneous glands of the sack. Now with the early progenitors
of mammals, almost before they deserved to be thus designated,
is it not at least possible that the young might have been simi-
larly nourished ?°

This reply can scarcely be considered satisfactory ; to base an
argument involving such vast consequences as the explanation
of the origin of the distinctive feature of the most important
class in the animal kingdom upon the belief of any one man
having seen the young of the fish nourished in a marsupial
sack, and from that belief to found such a conclusion without
any trace of such a sack in the intermediate classes of reptiles
and birds, is not an example of the scientific use of the imagi-
nation. Be that as it may, however, it is quite possible that
the truth of evolution will be demonstrated to the satisfaction
of all ; but the minds of men need not to be perturbed on that
account—the marvels of the Reign of Law are as full of lessons
to us as the doctrine of a special creation for every living
being ; indeed, the idea that the Almighty was content once and
for all to found his laws of life, and then to allow them to work
in all the marvellous directions they have assumed is a grander
and more ennobling belief than the dogma of special creations.
Let it not be supposed that the mystery is removed from any
living being by knowing that it conforms to laws which have
been from the beginning, and that it perchance even owes its ex-
istence to similar laws ; true science indeed is a teacher of true
religion, for it shows us that we cannot, and by the nature of
our minds we never can, get beyond a 193,113&1;1011 of the effects
of the law ; we shall in our present state be ever unable to un-
derstand the primary cause—and must be content to conclude
our investigation by saying ¢ God so willed it.” Examine the
‘movements of an Infusorium or of a single Spermatozoon, and
whatever your theory of their origin may be, ask yourselves
how much evolution and science have hitherto done towards ex-
plaining the nature of that wondrous life you see. We see the
structureless sarcodous mass of a Rhizopod digest nutriment as
perfectly as we ourselves can ; and, after a time the life being
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gone we note that these processes are arrested ; do any number
of such terms as osmosis, dialysis, catalysis, and so forth, advance
our knowledge of the process by which this is effected 7 Science
has won sufficient victories from ignorance and superstition to
justify confidence in her truth, but sufficient remains behind
the veil to discourage arrogance.

In reference to this subject, too, it must be remembered that
in examining any member of the animal kingdom it is not
sufficient to merely regard his bedily structure. Every animal
indeed requires regarding in a threefold manner, morphologi-
cally, physiologically, and psychologically, for it is only by such
a process that we can clearly assign any animal his true place in
Nature, e.g., morphologically, Man must be included in the
same order as the Simiadee ; physiologically, he must be ranked
in the family of the Catarrhinze ; while psychologically he
merits a sub-kingdom to himself. It is not unbecoming to add
that the same science which teaches the noble properties and
possibilities of matter, proclaims the indestructibility and im-
mortality of force, so that the evolutionist may rationally embrace
as true the belief—

That the faire lampe from whose celestiall ray
The mental lighte proceeds i

Shall never be extinguisht nor decay ;

For when the vitall spirits doe expyre,

[Tpon its native planet shall retyvre,

For it is heavenly borne and cannot die,
Being a parcell of the purest skie!
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CHAPTER IIL

EvinExcE AFFORDED BY GEorLogY—TAnurnar ViEw oF THE GEOLOGI-
CAL STRATA WITH IMBREDDED Fossits—MonpeEs oF ReEPRODUCTION
AMONG ANIMALS—HOMOLOGIES AND ANALOGIES—UORRELATIONS,

So far as it goes, the testimony of the rocks is corroborative of the
doctrine of evolution, and as the science of geology progresses it
becomes ever more and more so. There are, nevertheless, many
and serious breaks in the chain ; the evidence, in other words, is
imperfect. This is chiefly due to two causes, firstly, the fact that
but a very little portion of the earth’s erust has yet been examined
(every fresh field, indeed, discloses fresh connecting links), and,
secondly, from the fact that many organisms are in their very nature
so perishable that a lasting record of them is not to be looked for.

The following is a tabular view of the principal strata, given
in the order of their natural superposition, and with a few ex-
amples of the fossils found imbedded in them :—

Periods Strata Framples of Animal Remains

Posr TerTiARY Living Animals and Man.
{Fish, Amphibia, Reptilia, Aves, Mam-
mals, many extinet forms.

Mn;fi m:imm.:lliau r{rtll_ers. rlesp;deae:;;:ed.
e lastodon, Marsupialia. irds, Rep-
RAINOZOIC | MIOSESE . . Ei]es, Fish, Mnllug}ua, A}nnulusa, Pr%a-

O < tozoa,
TERTIARY Mammalia (Cheiroptera, Insectivora, Car-
nivora, Artiodactyla, Perissodactyla,

Eocexe . . Anchitherium), Cephalopods (Num-
i mulites), Insecta (Butterflies), Birds,
L Reptiles, Fish.

rl’LIuCENE a

r Belemnites, Ammonites, Gasteropods, Rep-
tiles (Iguanodon), Crinoids, Mammals
CRETACEOUS % (Palotherium), Pisces, (Squalacei),
Saururae,
Birds (Archeopteryx), Enerinites, Echi-
Liassic nodermata, Reptilia (Ichthyosaurus,
MESOZOIC J UR.‘LSBIL i]‘:‘;:::.trm!:m.uruE-, Megalosaurus, Dinosau-
OR -
T R Bir ds, Enerinites, Earliest Mammal ( Mo-
SECONDARY TRIASSIC . { notremus, one of the Insectivora), (zas-
teropoda, Reptilia.
PERMIAN
(New.Red »Reptiles and Fish (Squatina).
b:mclstnm,)
CArRBONI- f Great Saurians and Pisces (Selachii),

\. FERUUS . . Labyrinthodonts.
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Periods Strata Ezamples of Animal Remains
?gﬁjﬁ‘:ﬁ }Fish (Ganoids), Corals, Cephalopods
Sandstone) . (Ammonites), Trilobites,
PALKOZOIC | SrLurIaN . Placoid Fish, DBrachiopods, Trilobites,

Ot { Corals. :
PRIMARY S Pr%t;?;:c?l?i,t E:;Tachmpnda, Crustacea (e.g.
The Eozoon Canadense, a giant Forami-
Launmrmx.{ nifer, the only fossil and the oldest
fossil.

Reproduction.—One of the most essential characteristics of
animals is that they reproduce their like—the processes, how-
ever, by which this is accomplished are various. Most fre-
quently animals give rise to offspring by the union of the
contents of the germ-cell and the sperm-cell, and such a mode
of reproduction is called sexual reproduction ; but other animals
produce without this sexual congress, such method being termed
asexual or agamogenetic reproduction. The latter may take
place in several ways. Subjoined is a table enumerating the
principal modes in which reproduction is effected (—

I. Sexual. The result of the union of the sperm-cell and
the germ-cell.

II. Non Sexual or Agamogenetic.
1. By gemmation or budding—ec.g., the Hydrae and
Spongidze.

2. By fission—e.g., some Annelides.

3. Internal Gemmation.—By the formation of gemm:e
or buds within the investing sac—¢.g., Gregarinida and
Cestoidea. .

4. Alternation of Generations.—The process by which
an ovum produces a creature quite different from its
parent, but from which an animal is developed resembling
the parent ; this is effected in the first instance by a pro-
cess of gemmation, or by the division of the first product
of the egg, ¢e.g., Hydrozoa and some Crustacea.

b. Parthenogenesis.—The process by which unimpreg-
nated eggs give rise to living animals which go on pro-
ducing similar animals, until finally the animal becomes
sexual and produces offspring sexually, e.g., the Aphides.

Homologies.—This term will occur so frequently in the fol-
lowing treatise that it 1s necessary to define its meaning. Parts
are said to be homologous when they are morphologically alike,
e.g., the arm is homologous to the leg and the separate bones
of the one to the separate bones of the other; one vertebra is
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homologous to another; the fin of a fish, the paddle of a whale,
the wing of a bird, the leg of a quadruped, the arm of a man are
all homologous. When homologous structures succeed each
other in a right line, as, e.g., the segments of a worm or the
bones of the spine, ‘serial homology’ is the term employed ;
when similar structures are placed on either side, the parts are
said to be laterally homologous.

When, however, structures resemble each other functionally,
but not morphologically, they are said to be analogous struc-
tures : e.g.. the wing of an insect and the wing of a bird are
analogous, not homologous structures.

Correlations.—Among the most curious and obscure laws
which govern animal forms is the law of correlation. We are
without any clue to solving this strange law, but numerous
instances have been collected of its existence. A few illus-
trations will suffice to show the character of the law : tomn
cats with blue eyes are always deaf ; in the Swiss valleys,
enlargement of the thyroid gland in the neck is correlated to
peculiarities in the conformation of the skull and brain;
‘ pigeons with feathered feet have skin between their outer
toes; pigeons with short beaks have small feet, and those
with long beaks large feet.” ° Hairless dogs have imperfect
teeth; long-haired and coarse-haired animals are apt to have
long or many horns.” The possession of a vertebral column is
correlated to the possession of a respiratory heart and of a
portal venous system. While most correlations are obscure in
their meaning, the meaning of others is traceable enough ; as
e.q. the correlation of flat molar teeth to a long and complex
intestine, or of long canine and pointed teeth to a short and
simple alimentary canal, or extreme perfection of eye-sight
to powerful organs of locomotion, or of flat vertebrae and a
fish-like form of body. Many pathological correlations exist,
some of which are apparently understood ; such e.g. are the cor-
relation of psoriasis and gout ; incurved finger-nails and tuber-
culosis ; interstitial keratitis and constitutional syphilis, and so
forth. Others, again, of a purely physiological kind, assist us in
classification, though their meaning is unknown ; such correla-
tions, e.g., as the cloven foot and deciduous frontal horns are of
this character.
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CHAPTER 1IV.

Svus-Kixgpoym : ProTozoA—CLASSES: GREGARINIDA, RHIZOPODA,
SPONGIDA.

Definition.—Minute animals, generally aquatic, composed
of a soft sarcode, which is in some instances ciliated. The
sarcode contains vesicles which constantly change their shape,
owing to a power of contraction residing in the protoplasm,
and similar to muscular action. These vesicles are called
¢ contractile vesicles.” Protozoa possess neither nervous system,
circulatory organs, or alimentary canal. They are, as a rule,
fissiparous or gemmiparous in their reproduction ; but a few
multiply by the sexual congress of sperm and germ-cell. Some
of these structureless masses of protoplasm secrete around
them a calcareous shell of great complexity and beauty, in
which they dwell. As a rule, they are capable of locomotion,
and when this is the case it is effected either by ‘¢ pseudopodia,’
which are protrusions of the body sarcode ; by flagelle, which
are whip-like bristles; by ecilia, which are only present in
the higher forms ; or by contractions of the body-walls them-
selves.

PROTOZOA are primarily divided into animals which do not
possess any oral orifice, the Asfomata, and into those possessing
a mouth, the Stomata. .

They contain the following Classes and Orders :

ASTOMATA. STOMATA.

Class I. Gregarinida. Class IV, Infusoria,
Class I1. Rhizopoda. Orders. Ciliata.
Orders. Monera. Suctoria

Lobosa or Amaeba, Flagellata.

Reticularia or Fora-

minifera.
Radiolaria.

Class II1, Spongida.
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Class I. GREGARINIDA (gregarius ; grex, a flock)comprise
the simplest of all animal forms. They are parasitic, and as a rule
microscopic, varying in size from a pin’s head to half an inch
in length. They infest the intestines of insects, the cockroach
more frequently than others, and are sometimes provided with
hooklets, by means of which they gain firm hold. They are
circular or elongated in shape, provided with a cell-wall,
granular contents, a nucleus and nucleolus. They multiply
by internal gemmation—becoming first of all encysted, then
the nucleus disappears, and the protoplasm breaks up into
a number of little bodies called navicellee, which, finding their
proper habitat, develope into adult Gregarinida. The Gre-

L

garinida move by the alternate elongation and contraction of

Fig. 3.

GREGARINE OF THE EARTHWORAM.

a, Adult Gregarina; b, thesame encysted; ¢, contents divided into psendonavicella ;
d, free preudonavicellse ; e, free ammebiform contents of the pseundonavicella.

the body-wall, which is due to the contractile power of the con-
tained protoplasm.

The simplest of these amorphous forms, the Protogenes, is
unicellular, and thus affords us an example of a living creature
consisting of nothing but a single animal cell ; this cell, how-
ever, is capable of absorbing nutriment and converting it into
its own substance.

Psorospermize are parasitic Protozos, infesting the intestines
of fishes, and form another group of Gregarinida.

(lass 1T, RHIZOPODA (0iZa, a voot ; mon-, a foot). The in-
tegumental sarcode in these minute organisms is prolonged into
processes which are sometimes broad and stunted, at others
long and thread-like. The soft mass is most frequently en-
closed in delicate lime shells, perforated by numerous foramina,
through which the long processes or pseudopodia project.

Order 1. Monera (uirae, unity). Minute marine Rhizopoda
lying at the bottom of the sea. Reproduction takes place by
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fission. They are circular in shape when at rest, and only
differ from the Foraminifera in the absence of a ‘test’ or shell.

Order 2. Tobesa, often called Ammbze from the Protean
changes of shape which these tiny creatures undergo, are
fresh-water Protozoa which per-
petually protrude blunt and broad
pseudopodia which do not ana-
stomose. They are composed of
two layers, an outer layer, the
“ ectosarc,” which furnishes the
pseudopodia, and an inner coat,
the ¢ endosare,” which contains the
contractile vesicles. Sometimes
the animals of this order secrete a
leathery ‘test’ with the pseudo-
podia all disposed at one extre-
mity, upon which the creature
crawls, e.g. ‘ Difflugia’ ; at others
the pseudopodia are placed at one
(I extremity, but there is no test,

el A LR e.g. Actinophys sol; in a third

i ) ; there may be no test, and the

A e Y tes) pseudopodia may be protrudible

gling (b) minute prey (enlarged).  anywhere, e.g. Amceba. Repro-

duction takes place by, 1stly, fis-

sion ; 2ndly, external gemmation ; 3rdly, internal gemmation ;

and 4thly, it is said, by the congress of sperm and germ cells,

the spermatozoa being contained in the nucleus, and the ova in
the protoplasm.

Order 3. Reticularia,vel Foraminifera, are marine Protozoa
found in the bed of the ocean, sometimes three miles from the
surface. It is a very numerous order, so numerous, indeed,
that though the individuals are generally microscopie, their
aggregates form vast tracts of sand and chalk in many parts of
the world. A Foraminifer is a little mass of nonnucleated pro-
toplasm, surrounded by a lime shell secreted by the protoplasm,
which also forms a slight external coating, and furnished with
long and interlacing pseudopodia. They are divided into Per-
forata and Imperforata, according as the shell is or is not per-
forated for the passage of the pseudopodia.

The shells differ widely in their construction and consistence,
being either poreelaneous, when they are never penetrated ;
vitreous, when they are always perforated ; or arenaceous, when
they may or may not be perforated. They are, however, never
siliceous, as they always are in Polycystina.

Fig. 4.
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Again, they differ in the construction of the shell ; thus some,
called Monothalamia, consist of a little sarcode, which is con-
tained in a single lime cell, e.g. Lagena, or Entosolenia ; others,
again, called Polythalamia, construct many chambers in their
shell, the septa or divisions of which are perforated by con-
necting tubes, termed ¢ stolons.” However numerous the
chambers are, they are originally formed by budding from a
single one ; i.e. all Polythalamia have commenced life as Mono-
thalamia. The shape of the shell depends upon the direction
in which the first sarcode is added, and may be straight, spiral,
circular, or radiating. The Foraminifera are the oldest of
all animals in time, for amongst them is found the gigantic
foraminifer, the FEozoon Canadense, found in the Laurentian
rocks of Canada, which form the lowest of all the Palsozoic
series.

To this order Bathybius is referred, which consists of a mass
of sarcode lying in the bed of the sea with little bodies called
coccoliths and coccospheres, enveloped in protoplasm, growing
upon it. Professor Hiickel considers this to be the simplest
of all organisms, and derives all the rest of the animal creation
therefrom.

Order 4. Radiolaria are minute marine and fresh-water Pro-
tozoa, which only differ from Reticularia in the fact that their
shell is always silicious : they contain the following families :—

1. Acanthometring ; minute, marine, floating Radiolaria, with
a garniture of silicious hollow spines arranged circularly. The
spines being hollow transmit the pseudopodia.

2. Polycystina are also marine and microscopic Protozoa,
enclosed in a very beautiful and much perforated shell. The
sarcode is of an olive colour.

3. Thalassicollida are masses of protoplasm, from an inch in
size downwards, containing silicious spicules, which float upon
the surface of the sea, much as Bathybius floats at the bottom.
Not unfrequently the Thalassicollida form colonies.

Class I1TI. SPONGIDA constitute a large and important class
of Protozoa. |

What we familiarly call a sponge is, in fact, the skeleton
of a colony of Spongida. The so-called sponge is covered over
with the gelatinous sarcode, which has, in the first place,
secreted the supporting skeleton, and is pierced by numberless
apertures, some small and very numerous, others large and
fewer in number. The small apertures or ‘pores’ suck in the
sea water, which is then by ciliary action passed through every
part of the sponge, and deprived of any floating organic
materials it may contain, after which it is ejected through the

0
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large apertures or ‘oscules.” In this way is a respiratory,
circulatory, and digestive apparatus first sketched in the Animal
Kingdom. It will also be seen from what is stated here, that
the chief difference between Spongida and Rhizopoda is that
the support is internal in the former, and external in the latter,

Reproduction is either asexual or sexual. First, asexual re-
production.

Take the common sponge by way of illustration. The deeper
parts of this sponge develope gemmules, which are composed of
an outer and an inner wall with cells, called amphidiscs, placed
between the two. These gemmules increase in size, and form
a depression at one part of the surface called the hilum or
micropyle, through which the germs, which form within the
gemmule, are expelled in the spring time of the year. Escaped
from the sac these germs become covered with cilia, and for a
time swim freely about, but after a time steady down, as it
were, and, glueing themselves to some foreign object, increase
in size, but remain stationary for the rest of their lives.
Second, sexual reproduction. In other Spongida, e.q. Tethea,
certain sponge particles or ‘sarcoids’ become detached and
nucleolated, so as to form ova, while others become molecular,
and finally produce spermatozoids. The union of these two
cells produces a ciliated freely moving embryo, which finally
goes through the same stages as the young sponge described

before.
The class of Spongida contains the three orders, Keratosa,

Silicea, and Calcarea.

Order 1. Keratosa. In these the skeletal support is horny,
with small silicious spicules attached ; in this order are the
sponges of commerce.

2. silicea. The skeleton is formed of flint-like spicules, which
are sometimes woven or fused together. In this order is found
the exquisite Euplectella, which forms a hollow lace-like cap of
pure white silica, which is attached at one end to some foreign
body, and floats free at the other,

3. Calcarea. In these the skeleton is composed of ecarbonate
of lime, e.q. Grantia.

Sponges afford us the first good illustration of a compound
animal, i.e. a number of animals whose individuality is still
almost absolute, uniting to form a colony. The whole class
is of great antiquity, being frequently found in the Palzeozoic
strata, and forming great masses of fossil rocks in the Mesozoic

period.
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CHAPTER V.

InrFusorIA—PHYSIOLOGY OF PrROTOZOA,

Class IV. INFUSORIA form the other great division of Proto-
zoa characterised by the possession of an oral aperture. The
Infusoria, named from the fact that they abound in any infusion
of vegetable matter which is allowed to putrefy, are manifestly
the most highly organised of all
the Protozoa, and are sometimes
elevated to the position of a
distinet sub-kingdom.

The body is unsymmetrical,
as a rule ; but the sarcode is
always surrounded by a firm
envelope. The sarcode always
containsa nucleus and nucleolus.
The oral aperture is fringed
with cilia, which move auto-
matically, and act as respir-
atory and digestive agents.
The contractile vesicles are nu-
merous, and regularly arranged.
None of these develope Pseudo-
podia. Three orders are gene-

An Infnsiornm (Perameecinm  bur-

rally recognised : Ciliata, Suc- sarii) highly magnified. a. Nucleus
= dividing. &6 Nucleoli. ¢c¢. Con-
toria, and F]ﬂgellﬂ'ta:* tractile spaces. ddd. Larger cavi-
Order 1. cCiliata is the most ties, which being given off from the
3 llet of some Infusoria, constitute

numerous order of Infusoria, S o cullleh el

comprising all the ciliated speci-

mens ; they also possess jointed bristles, called ¢styles,” and
hooks, or ‘uncini.” Several families are found in this large order,
of which the following are the chief :—

Paramecium is a free fresh-water Infusorium, shaped like a
tiny slipper, the hole for the foot being represented by the mouth
which leads into the general mass of sarcode, or ¢ chyme mass.’
The contractile vesicles which occupy the interior, keep up a sort

c2
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of circulation of granules in the interior, and soremind one of a
vascular apparatus. Besides these vesicles, the gullet, so to speak,
constantly throws out little processes, which look like stomachs,
and so gave rise to the old term of Polygastrica. Reproduction
is either by fission, or, sexually, by the union of spermatozoa
developed from the nucleolus, and of ova the product of the
nucleus.

Vorticella is a fixed and stalked fresh-water Infusorium, which
clings to the under surface of aquatic plants. The entire animal
looks like a number of minute campanulee, the bell-like calyx being
supported upon a stem, which is possessed of contractile power
residing in the sarcode, and called the ‘stem muscle.” The
disc at the top represents the mouth, and is fringed with cilia.
Reproduction, (1) by fission, (2) by gemmation, each bud con-
sisting of a prolongation of the chyme mass, surrounded by the
two outer layers—and (3) by encystment.

Epistylis has an egg-shaped body, but otherwise only differs
from Vorticella in its stem being much branched, and non-
contractile. It oceurs on the stems of aquatie plants, and looks
like a sort of mould. The cilia round the mouth are fixed to an
outstanding rim, which is termed the  peristoma.’

Stentor i1s a fresh-water Infusorium, with a calyx like the
mouth of a trumpet. It is either free or attached ; when free,
swimming by means of its cilia. On first observing its move-
ments it appears to roll over and over, but this appearance is
only caused by the action of the cilia.

Vaginicolla possesses a horny cuticular case—the carapace, or
¢lorica,” within which the animal can retire. It also possesses,
as do, indeed, most of those which have been mentioned, a
bright, red, pigment spot, and certain curious cells, with a long,
thread-like appendage which is protrudible at will. These cells
are the thread cells, or ‘ trichocysts,” and are probably endowed
with some urticating property by the exercise of which the In-
fusoria are able to paralyse their prey. .

Order 2. Suctoria consist of Infusoria surrounded by fila-
ments which end in suctorial discs, which are prehensile organs,
capable of protrusion and retraction. Acineta is a member of
this order, but the fact that no mouth is discoverable malkes it
doubtful whether it should not be relegated to the Astomata.
Some of the Suctoria contain chlorophyll.

Order 3. Flagellata. In these Infusoria locomotion is per-
formed by long bristles, or flagellze, which may be single,
double, or multiple. The Noctiluca is the best known member
of this order, It is a minute organism, but so vast in numbers
that it is the chief source of the phosphorescence of the sea.
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To the naked eye, and even to the microscope, there is no
beauty in them ; all that is seen is a simple sac with numerous
vacuoles, some granular matter, an oral aperture, and a tail ;
but at night these plain beings light up the ocean as with
myriads of tiny lamps, and turn the waves to sheets of liquid
fire. This power of emitting ‘ phosphorescence ’ is believed to
be due to nervous energy (though a nervous system has never
been detected in the Infusoria), the nervous force being con-
verted into light.

PrysioLocicAL Processes oF ProTozoA.

From what has gone before, it is manifest that the sole function,
besides locomotion and the power of reproduction, which the
Protozoa possess, is that of digestion. The food, which often
congists of a tinier organism than the diner, is absorbed into
the general sarcodous mass ; the digestible parts are absorbed,
while the indigestible are rejected through any part of the
envelope that happens to be in propinquity with the morsel.
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CHAPTER VL

Sve-KmxepoMm : CELENTERATA—CLASS: HYDROZOA.

CELENTERATA (roilog, hollow ; évrepor, intestine) comprise
Polypes and Zoophytes. '

Definition.—Aquatic animals, frequently resembling flowers
in their gemeral appearance. Substance of body soft and semi-
transparent, surrounded by a denser envelope, which lines the
continuation of the mouth and gullet, and clothes the exterior
of the body ; these layers are called the ‘endoderm’ and ‘ecto-
derm.’ The ectoderm, or integumental coat, contains little spaces
in which the ‘thread-cells’ are situated ; these cells possess an
urticating property. There is a single opening which leads
into the interior, which is called the somatic cavity ; this open-
ing serves both for mouth and anus. This lined gullet and
the thread-cells are, in fact, the distinctive peculiarities of the
Ceelenterata. The nervous system, when discoverable, consists
of a single ganglion, whence filaments radiate to all parts of
the body. The ganglion is placed opposite to the oral aperture.
No organs of circulation exist ; the mouth is surrounded by
tentacles, which are never ciliated.

Ccelenterata are divided into two large classes, Hydrozoa and
Actinozoa.

I. Hydrozoa have no digestive cavity distinct from the rest of
the sarcodous mass forming the body, and their reproductive
organs are external.

II. Actinozoa have a digestive canal distinct from the rest of
the body, which is loosely suspended in the body sarcode by
radiating membranous septa, the mesenteries, and their organs
of reproduction are internal, placed on the so called mesenteries.

Class I. HYDROZOA.

1. Hydridze
Order 1. Hydroida . {2. Corynidse

3. Sertularidse
Calycophoridee
Physophoridee
5y 3. Discophora . 6. Lucernaridse

A S}'phnnnphara{;:



HYDROZOA. 23

(Mass IT. AG’TINDED-A.

Order 1. Zoantharia
. Alcyonaria
. Rugosa

Ctenophora
Pennatulida

11
»
b ]
1

O 00 1o

Class I. HYDROZOA. Order 1. Hydroida. DMarine and
fresh-water Hydrozoa, whose alimentary region, called ¢ polypite,’
is provided with a dise, the ¢ hydrorhiza,’ and whose mouth is sur-
rounded by prehensile tentacles. The disc is generally attached
to some foreign object ; the body sarcode itself is termed ‘hy-
drosoma.” Some of the Hydroida are free, but the greater
number unite to form colonies. This large order comprises the
fresh-water Hydrida, the Medusze or jelly fish, the Sertu-
larians, and Corynids.

Hydre (comprising Hydra viridis and Hydra fusca) are the
only genus of the Hydride ; they are minute creatures, rarely
more than a quarter of an inch in length, which are found
attached by a disc to the under surface of aquatic plants, while
their long tentacles float downwards in the water in search
of prey. The attached end, or hydrorhiza, is the f proximal,’
the other free end is the ‘distal’ extremity, and is furnished
with a tentaculated mouth ; each of the tentacles is hollow, and
is freely supplied with nematocysts, or thread-cells, which are
the weapons with which the formidable little Hydra paralyses
its victims. The organisation of the Hydra is very simple, as
is proved by the circumstance that if one be divided into a
dozen segments, each segment becomes a perfect Hydra. The
Hydree never, however, form colonies. If turned inside out,
as has been done, the Hydrze get on equally well as before, and
do not seem to mind their altered circumstances in the least.
The body wall is formed of two membranes, one growing out the
ectoderm, and one growing in the endoderm ; the reproductive
organs are placed beneath the former structure, and consist of
sperm-cells with spermatozoa, and much larger germ-cells with
ova, the contents of the two being liberated, produce offspring
by sexual congress. Reproduction, however, often takes place
by simple gemmation.

Corynide or Tubularide are marine minute fixed Hydrozoa,
occasionally simple, but generally compound, whose individuals,
when compound, are united by a common trunk or cenosarc :
this common trunk is generally horny, which external horny
coat is called the polypary. The reproductive organs vary in
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structure, and are variously developed from the sides of the
body cavity, from the ccenosarc, or by germinal sacs, called
¢ gonophores,’ from the body wall. The compound animal is
formed by continuous budding ; the buds remaining attached,
forming a colony, all the individuals become connected with the
living hollow stalk or ecenosare, so that at last the compound
animal looks like a little tree, all the branches of which are
tubular, and which permit of the circulation of a nutrient fluid
throughout the colony.

The reproduction of Tubularida is so peculiar and important
as to demand special attention—it is the first illustration which
the Animal Kingdom affords of what is termed the alternation

Fig. 6.

MoRPEOLOGY OF HYDROZOA.

1. Diagrammatic section of Hydra. The dark line is the ectoderm, the fine line and
clear space adjoining, the endoderm, 2. Hydra viridis with two gemmeae budding
out from the body wall. 5. Hydra viridis with attached bud. 4. Greatly
magnified thread-cell of the same animal.

of generations. The generative buds of a Corynid may exist
in various forms : 1st, as simple closed sacs, processes of ecto-
derm and endoderm, which sacs contain ova and spermatozoa ;
2nd, as sacs with the same contents as the former, but also
provided with a hollow hammer-like process, which hangs
vertically from the roof like the clapper of a bell, and called the
manubrium (fig. T)—from this organ tubes are found to radiate
over the entire surface of the sac ; 3rd, as attached buds with an
open mouth and with a series of canals, both circular and ra-
diating, called gonocalycine canals, which surround the walls and
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permit of a free circulation of fluid ; and 4th, as free buds,
which are furnished with the same series of gonocalycine canals
as the former variety. These free buds are by far the most
interesting of all ; each is, in fact, an embryotic Corynid, it
becomes ciliated, developes a mouth and tentacles, and swims
freely about. After a month or two of this existence it increases
enormously in size, the upper sac becomes a large gelatinous
umbrella-like translucent covering, and its hollow tentacles droop
as fringe into the sea. In this condition it constitutes an
Acaleph, Medusa, or Jelly Fish (fig. 9), which is thus seen to be

Fig. 7.

REPRODUCTIVE PROCESSES 0F HYDROZOA,

1. Bporosac. 2. Disguized Medusoid. 8. Attached medusiform gonophore.
- 4, Free Medusiform gonophore., The manubrium and genccalycine
canals are white, the ovaria and spermaria are coloured black.

nothing but an intermediate stage of a Corymid Hydrozoon. After
the lapse of a few more months the Medusa, or ‘ Medusiform
Gonophore ’ as it is called—which no more resembles the parent
organism than a tree does a man—developes its own sperm and
germ-cells, which uniting produce a fixed Corynid once more, and
thus the cycle of changes is completed. The entirety of the Hy-
drosoma is rapidly formed by budding from the single polyp.
This description, though specially referring to the Corynida,
applies with sufficient accuracy to the reproduction of the
majority of Hydroida (fig. 10).



26 COMPARATIVE ANATOMY.

The Hydrosoma of these fixed and compound submarine
Corynida is connected by a ccenosarc, and surrounded by a
hard tubular polypary (whence their name Tubularida), through
which the tentaculated polypites protrude. They cannot, how-
ever, be retracted beyond the open mouth of the polypary.
Sometimes the tube is jointed with the tentacles placed in a
whorl round each joint (e.g. Tubularia divisa), sometimes it is
undivided (e.g. Tubularia indivisa). Sometimes the polypary is
much branched (e.g. Eudendrium), at others it is not branched
(e.g. in the majority of Tubularia) ; the polypary of the latter
closely resembles small straws filled with a soft reddish ccenosare.
A few of the Corynida do not possess a hard polypary (e.g. Cor-
yomorpha nutans), but on the contrary only a soft white fleshy
stem. DMany of these are objects of the greatest beauty, as is
the case with this very polyp, which forms a submarine colony
about four inches in length.

Sertularide are fixed, compound, and generally branched ma-
rine Hydrozoa, with a firm chitinous polypary, which always
expands at its extremity into little cups, called hydrothecce,
which contain and protect the polypites. They very closely

resemble seaweed; in their reproduction they resemble Corynida,
~i.e. they go through an alternation of generations, one stage
being the development of a medusiform gonophore, and indeed
there does not appear to be sufficient reason to raise them into a
distinct group. The entire colony is nourished by the combined
action of the individual polypes ; each separate branch of the
seaweed-like creature is tubular, and leads into a canal which
traverses the entire length of the main trunk, or ccenosare, so
that whatever passes the separate polypes must also traverse
the supporting ccenosare, a constant current of fluid being thus
kept up by ciliary action.

Campanularideresemble Sertularidse,except that the hydrothece
are stalked and terminal, instead of being sessile and lateral as
they are in Sertularians. The name is derived from their bell-
like appearance in early youth, when they are very gaily
dressed and free in their habits. At this period the margins of
the calyx are furnished with a beautiful fringe of tentacles, and
the hollow manubrium, terminated by the mouth, hangs loose in
the water, looking like a long pistil. The surface and rim of
the bell are traversed by gonocalycine canals, which at another
period of its existence correspond to tentacles. After a time it
developes ova, which grow up into the fixed colony from which
it sprang.

Order 2. Siphonophora, including Calycophoridee and Physo-
phoridee, are free swimming or compound floating marine Hy-
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drozoa, with an unbranched or only slightly branched, but
muscular ceenosare, the proximal end of which is provided with
a muscular locomotive sac called nectocalyx, from which a sort
of shelf runs inwards ; it is often dilated. The nectocalyces
are traversed by tubes called the nectocalycine canals. In re-
production the Siphonophora go through a similar alternation of
generations to the former order.

The Calycophoride are free swimming Hydrozoa which abound
in tropical seas, the Physophoride including the Physalia, or Por-
tuguese man-of-war ; the Felella and Porpita are remarkable
chiefly in the construction of their coenosare. In the Physalia it
is a large bladder-like organ, the pneumatophore, or float, and
serves to buoy up the entire hydrosoma ; in the Velella it
forms a sort of permanent latteen sail, and serves to steer it
across the ocean. There is a cartilaginous body developed in
the interior,

MNAKED-EYED MEDU=A.

a. Btomach. b. Oral tentacula. ¢ Gonocalycine canals, d. Ovaries.
& Marginal Canals,

Order 3. Discophora or Lucernarida comprise most of the
hidden-eyed Medusse, and are free swimming marine Hydrozoa,
of which Rhizostoma may be taken as an example. This is a
medusiform animal, with an umbrella-like floating dise, and seve-
ral large and fleshy depending tentacles ; each tentacle contains a
tube which leads to both the circular peripheral duct, and also to
the esophagus, by which means efficient circulation is kept up
throughout the entire animal. Althongh the A calephe have been
alluded to as the intermediate condition of several Hydrozoa,
still they are so often described as a distinet order, that a brief
notice is here appended.

Acalephee or Meduse comprise the jelly fishes, or sea nett]es.
Their bodies are soft, but sometimes, as in the genus Cirrigrada,
~ there is a trace of an internal cartilaginous skeleton. They all
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Fig. 9.

HinpeEN-EYEDp MepUusA (Rhizostoma).

1. Umbrella. 2, 2. Circumferential and radiating inoscmlating canals.
8, 8. Stomatodendra with minute polypites attached. The figures
i, 3, are placed upon the fringed tentacles,

Fig. 10,

DIAGRAM ILLUSTRATIVE OF THE DEVELOPMENT OF HYDROZOA,

(The specimen is one of the Lucernaridas).

1. Ciliated embryo or ‘ planula.’ 2. Hydra tuba, showing a single in-
dividual. 3. Hydra tuba undergoing segmentation. 4. The
sermentation becoming more complete, 5. More advanced stage
in which the tentacles are developed from the first or basal seg-

ment. 6. Segmentation complete, giving rise to a free swimming
Medusoid, - :
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possess urticating organs, called thiread-cells, which they can
protrude and employ at pleasure. Their movements are effected
by muscular contraction. The muscular fibres are very pale and
indistinet, but are said to resemble the unstriped muscle of the
human subject. The sense of sight makes its first appearance
in the animal series in this group, in the shape of eye spots. A
nerve passes from the principle ganglion to some part of the
ectoderm, where it expands into a nervous membrane, behind
which we find a pigmentary tunic. This is the mode of con-
struction of ‘eye spots,” or ‘ocelli,” wherever met with in the
Animal Kingdom.

Organs of hearing, lithocysts, are also met with, placed at the
base of the tentacles.

The life history of an Acaleph is as follows. The ovum, which
is the production of two parents, in other words of bisexual
organs, grows up with a segmented, elongated body ; each disc-
like segment, becoming separated from the rest, floats about as
a perfectly free animal, and is called a Planula. This minute
animal, }-inch in diameter, grows rapidly, its rays become
short and disappear, while its oral tentacles and nemato-cysts,
or thread-cells, make their appearance, when the young acaleph
is complete in all its parts.

Those Medusze which swim by the contraction of their um-
brella-like disc were formerly called Pulmogrades ; those, like
Berde, which swim by vibratile cilia attached to arms, Cilio-
grades ; while those which float like Physalia were termed
Hydrostatic Meduse. It must be remembered that while some
Medusee give rise to a fixed zooid, others produce free swimming
organisms exactly like themselves, and that others produce a
hydrosoma which is furnished with an nmbrella-like dise, from
the under part of which one or many polypites depend ; the
two former constitute the so-called ‘naked-eyed,” or Gymn-
ophthalmate Meduse, and the latter the ¢ hidden-eyed,” or
Steganophthalmate Medusce.

Besides the above orders, certain fossil Hydrozoa called Grap-
folites are very frequently found in the Silurian rocks,

Many of the marine Hydrozoa are phosphorescent.
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CHAPTER VII.

Crass: AcTixozoA—CoNsTRUCTION OF CorAL REEFS—PHYSIOLOGY
oF CELENTERATA.

Class TI. ACTINOZOA, comprising the cecrals and sea ane-
mones, occupy a large area both in space and time, being found in
every part of the world, and extending from the Palaozoic period
to the present time. They are either free or fixed, simple or com-
pound, marine Ccelenterates, with a digestive cavity separated
from the general somatic cavity by a perivisceral space, which
space is subdivided into loculi by vascular membranous septa
called mesenteries, upon which are found the organs of repro-
duction, and which reach from the digestive tube to the body
wall everywhere except directly below the stomach, where
the loculi communicate. If therefore a transverse section be
made of an Actinozoon, it would somewhat resemble a cart-
wheel : the axle being the digestive cavity, the spokes answering
to the mesenteries, and the outer tire corresponding to the
ectoderm. The ectoderm is more highly developed than in
Hydrozoa, presenting indeed the elements of derm and epiderm
met with in the skin of higher animals. Cilia are present on the
digestive tube. The tentacles are hollow, and perforated at
their extremity. Reproduction iseither sexual or gemmiparous
in character. As in Hydrozoa the entire animal is termed
Hydrosoma, so in this class it is styled Actinosoma, the con-
necting stalk being still called ceenosare, and the individual
actinozoa, polypes. The Actinozoa are very muscular, both
mesenteries and body walls being supplied with distinct sets of
muscles.

Actinozoa contains four orders, Zoantharia, Aleyonaria, Rugosa
and Ctenophora.

Order 1. Zoantharia is a large order, including the soft-
skinned sea anemones, and the greater number of the branched
corals. They are supplied with numerous simple oral tentacles,
and the mesenteries (and coralline septa when present), are
disposed in multiples of five or six.
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The Zoantharia malacodermata form the very natural group
of soft-skinned Actinize which are common objects in every
marine aquarium. A sea anemone is composed of a soft vertical
cylinder, the colwmn, an attached end, the base, and a tentacu-
lated mouth at the upper end, the disc. The tentacles, which
sometimes number as many as 200, are prehensile organs, and
are all perfectly retractile within the ectoderm. The mouth is
also surrounded with cilia, which keep up a constant current of
water, and so bring nourishment to the support of the organism.
Most Actinize are dicecious, one possessing only ova, and another
only spermatozoa. Another group of the soft-skinned Zoan-
tharia are called Ilyanthide, and are peculiar in having a pointed
or conical disc, instead of one abruptly truncated ; a third,
termed Zoanthide, are compound Actinize, united by a fleshy
ccenosare, in which scattered spicula of coral are often found.

Fig. 11.

DIAGRAM TO SHOW THE MORPHOLOGY OF ACTINOZOA.

at. Tentacle non-ciliated. b, Month leading to the Stomach Sac,
¢. Mesentery which supports the generative organs, d.

The Zoantharia sclerobasica, the second subdivision of Zoan-
tharia, include all the smooth-surfaced corals, such as the red
coral. The coral of this group is secreted by the outer layer of
the inverted ectoderm, and is therefore a true exoskeéleton, like
the shell of a lobster.

The Zoantharia sclerodermica, which form the third subdivision,
on the contrary, include all the rough cupped corals, such as
Madrepores, and in them the coral is secreted by the inner tissues
of the body. The former are always compound, the coralline
ceenosarc forming the bond of union ; the latter may be either
single or compound, each individual when compound represent-
ing in section a fossil actinia, with body cavity, mesenteries, and
perivisceral space in sifw. Coral is composed chiefly of car-
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bonate of lime, but is occasionally horny, or it may be a mixture
of the two. :

The Sclerobasic and Sclerodermic corals contain the following
families :—

A. Sclerobasic corals.

1. Awntipathide, branched sclerobasic corals, whose individual
polypes are always provided with mixed tentacles.

2. Hyalonemide, or glass zoophytes, are (like Euplectella among
the Spongidze), moored to the sand by a skein of silica—the upper
silicious skeleton being crowned by a cup-shaped sponge of flint.

B. Sclerodermic corals,

1. Tabulata. The septa, which are vertical divisions of the
fossil mesenteries, are rudimentary, but the mesenteries them-
selves are perfectly developed.

2. Perforata ; the septa are well developed, but the mesen-
teries are absent.

3. Aporosa ; the septa well developed ; no mesenteries ; coral

very hard and compact.

4. Tubulosa ; rudimentary septa ; the coral cups or thecse are
pear-shaped.

Reproduction in all these Actinozoa is by fission or gemma-
tion ; alternation of generation never occurs.

Order 2. Alcyonaria, comprising the asteroid polypes are, as
a rule, compound Actinozoa, with a sclerobasic coral, when coral
is present, and whose mesenteries are in multiples of four. The
tentacles, which are eight in number, are always minutely
fringed or feathered. Many of the members of this order
resemble fossil fronds of ferns ; it is broken up into the four
families, Aleyonide, Tubiporide, Pennatulide, and Gorgonide.

1. Aleyonide are fixed compound corals, with a sclerodermie
ceenosarc composed of scattered granules. Type-form, Alcyo-
nium, or dead men’s fingers, a sponge-like, yellow, compound
Actinozoon, fixed to some submarine object. The little polypes
are projected through minute apertures in the coral and re-
tracted at will.

2. Tubiporide are compound sclerodermic corals, without
septa, but provided with cups or thece. Type-form, Tubipora
musica, or organ-pipe coral, a mass of bright red coral, formed
by a great number of vertical tiers of hollow tubes, in the upper
ones of which the little green polypes dwell, and through which
they can protrude themselves at will,

3. Pennatulide, or sea ferns, are compound sclerobasic corals,
with eight tentacles. Type-form Pennatula, or cock’s comb,
an Actinozoon about four inches long, found at the bottom of
muddy seas, The attached end of the ccenosarc is smooth and
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fleshy, the upper end is fringed with feather-like pinnse. The
ceenosarce is yellow, the disc end reddish purple.

4. Gorgonide, or sea shrubs, are fixed compound sclerobasic
corals, whose ccenosare is grooved and finely branched. The
tentacles are in multiples of four. Type-form, Corallium rubrum,
or red coral. Ccenosarc smooth, bright red, calcareous, and
much branched.

The ceenosarce invests a very similar, jointed, and slightly grooved
sclerobasis ; along the ccenosarc are placed the apertures for the
protrusion of the little, eight-tentacled, polypes. The cceno-
sarc is channelled by a tube, which contains the so-called ‘milk’
for the nourishment of the entire colony.

Order 3. Rugosa is an order of entirely extinct Actinozoa,
chiefly found in the Palmeozoic strata. They were simple com-
pound sclerodermic corals, with thecee, tabule or mesenteries, and
septa. The tentacles were in multiples of four. The thecse
were furnished as a rule with an operculum or lid ; examples,
Caleeola, Goniophyllum, and Cystiphyllum.

Order 4. Ctenophora («re¢ir, a comb ; ~épw, I bear), soft, free,
simple, transparent marine Actinozoa, whose organs of locomo-
tion consist of ciliated parallel rows of bands or paddles, called
‘ ctenophores.” Type-form, Pleurobrachia.

The Ctenophora are quite the most highly organised of the
Actinozoa ; in them for the first time a nervous system is
clearly traceable. It consists of a ganglionic mass at the lower
end, or ‘apical’ pole of the animal, whence nervous filaments
radiate to every part of the body. Pleurobrachia is a little
balloon-like creature, with a mouth at the upper, or ¢ oral’ end,
and a rounded surface at the lower, or ‘apical’ pole ; the body
between these extremities is called ‘interpolar.” Eight long
wavy arms, fringed with cilia, are placed at equal intervals, by
the movements of which °ctenophores’ the animal progresses.
The internal structure is somewhat complex : the mouth leads
first into a stomach, and thence into a second lower and larger
dilatation or ‘funmnel,” from which two passages lead to open
(anal like) at the apical pole ; tubes radiate from the funnel,
and communicate with a peripheral channel, which girdles the
entire circumference ; along these ducts fluid is constantly kept
circulating by the action of vibratile cilia ; the chief differences
between the families of Ctenophora consist in the various modes
in which this canal system is arranged.

Families. 1. Callymide ; the mouth occupies a portion only of
the oral pole ; a single pair of oral lobes are present. The ten
tacles are numerous, and turnsd towards the mouth.

2. Cestidee (Venus’s Girdle) ; the body is flattened and length-

D
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ened out to perhaps four feet; it bears two ctenophores, with
two tentacles turned towards the mouth.

3. Callianiride ; the body has long lateral lobes, with eteno-
phores ; the tentacles are turned from the mouth.

4. Pleurobrachiade ; no oral lobes ; body balloon like ; ten-
tacles turned from the mouth.

5. Berdidee ; the mouth occupies the whole of the oral pole ;
no oral lobes and no tentacles.

The work of the coral-building Ceelenterates is in itself so
interesting as to demand a brief notice. It is found that the
Actinozoa engaged in producing coral cannot live above the
water level, exposure to the sun soon killing them ; again, they
cannot exist at a depth of more than thirty fathoms, and yet
coral reefs are constantly met with as much as three hundred
fathoms in thickness : this apparent paradox being due to the
fact that the land where coral reefs are forming is constantly
subsiding, fresh living corals ever taking the place of the dead
ones : at the same time, the sea breaking upon the edges of the
reef perpetually chips off and heaps up fragments of rock abouve
the water level ; constant subsidence and continuous super-
ficial growth are thus going on pari passu. If the centre of a
reef sinks more quickly than the sides, a lagoon is left, surroun-
ded by a circular reef of coral ; this is called an ‘atoll ;” if an
island rises in the middle of this lagoon, a ¢ barrier reef ’ is said
to be formed ; while if the sea clearly intervenes between the
reef and the mainland we have what is termed a * fringing reef.’
Different varieties of Actinozoa build these reefs : Madrepores,
Millepores, and Gorgonidae work chiefly at the top ; below them
we meet with Meandrinas (Brain coral), and Porpitas ; and
lowest of all the work is done by Astrseans.

The following are some of the more important terms employed
in describing the morphology of Actinozoa :—cenenchyma, the
skeleton of the ccenosarc; theca, the skeleton of the body
wall ; columella, the base skeleton ; sepla, and pali, the me-
senteries ; dissepiments, regular transverse plates joining septa ;
synapticule, irregular and oblong plates, joining septa ; coste,
external vertical ridges.

PHYS10L0GICATL PROCESSES OF CELENTEEATA.

Briefly reviewing the principal physiological processes of the
Ceelenterates, we find a decided advance upon the Protozoa.

Digestion is still effected by the body cavity in a great mea-
sure, but this is combined with a stomach of some size, and
provided with ciliary membrane, which secretes a digestive
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fluid ; it is remarkable, however, that if a ccelenterate be turned
inside out, what was the ectoderm and is the endoderm absorbs
and digests as perfectly as if nothing unusual had happened, as
was seen to be the case with the Hydra. In the compound
ccelenterates the lower part of the body cavity communicates
with a tube in the ceenosarc, which is common to the entire
colony.

Although no organs are specialised for circulation, yet a con-
stant current, which is both respiratory and circulatory in
funection, is kept up in the perivisceral space and in the body
cavity by the action of vibratile cilia.

A Nervous system is often detectible, and when this is the
case it is composed of a ganglion placed near the mouth, whence
filaments of nerves radiate to the integuments and muscles of
the animal’s body.

Locomotion is chiefly effected by muscular action, and is no
longer solely ciliary, the muscles being disposed in transverse
and longitudinal bands beneath the ectoderm ; they are of the
unstriped variety.

SENsES, — Ocelli, or eye-spots, are present in most Hydrozoa
and some Actinozoa ; they are simple prolongations of a nerve
which is derived from the single ganglion, and which expands
behind a pigmentary tunic. Lithocysts, or ear-sacs, are also often
present in similar communication with the nervous ganglion ;
they consist of a small sac filled with fluid, and perhaps con-
taining a little calcareous matter, which may increase the vibra-
tions of sound.

Reproduction has been sufficiently described ; it is chiefly re-
markable for the alternation of generations which is so common
among the members of this sub-kingdom.

D 2
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CHAPTER VIIL.

Sup-Ki¥eDpoM : ANNULOIDA—CLASS : SCOLECIDA, WITH ITS ORDERS—
RoTiFERA.

ANNULOIDA comprise Echinodermata, Rotifera, and Scolecida,
which latter is the old class of Entozoa, or parasitic worms.
Definition.—The distinguishing feature of Annuloida is the
possession of a set of canals, which constitute the ¢ water-vas-
cular system,’ and differ from the vessels of all other animals,

Fig. 12,

ANNULOIDA,

Diagrammatic section of Aspidogaster conchicola, to show the water-
vascular system. a. Terminal pore. b. Lateral contractile vessels.
¢. Lateral cilinted trunks. d. Dilatation of trunks.

A true vascular system is also sometimes present. A nervous
system 1s constant, composed of an oral ganglion and radiating
filaments. The alimentary canal is distinct from the body cavity,
and furnished with both oral and anal apertures. The Annuloida
are never compound animals, in the sense in which Actinozoa and
Hydrozoa are compound ; they are always free, and frequently
exhibit an alternation of generations in their reproduction.

Annuloida contain three Classes: Scolecida, Rotifera, and
Echinodermata, which possess little in common except a water-
vascular system.

Class I. SCOLECIDA (sxéAn€, a worm). All the Scolecida
possess a complete water-vascular system ; the greater part of
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them are parasitie, and develope by alternation of generations ;
they comprise the majority of parasitic worms, both round and
flat, and the Rotifers, or wheel animalcules. They are not
radially, but often are linearly, symmetrical. The water-vas-
cular canals open by tubes upon the exterior, and branch freely
in the interior. The Rotifers stand alone, and are here ranked
as a sub-class ; but the resi of the Scolecida are primarily divided
mmto Platyelmia (flat worms) and Nematelmia (round worms).
The whole class comprises the following orders :—

Class, SCOLECIDA. Orders.
jl- Teeniadas
Sub-class Platyelmia {2. Trematods
l3. Turbellarise
J-;L. Acanthocephala
5. Gordiacea
lﬁ. Nematoidea
Sub-class Rotifera 1. Wheel animalcules

Sub-class Nematelmia

Sub-class I. PLATYELMIA.

Order 1. Teeniada. Tapeworms or Cestoid worms.

The tapeworms are parasitic in the human intestine. They
are flat, jointed worms, measuring from a few inches to many
yards in length, and composed of a head, which is the real
animal, and a great number of square segments or proglottides,
which are merely reproductive elements. The head, which is
the slenderest part of the animal, is terminated by a circlet of
characteristic hooklets, by means of which the worm moors
itself to the mucous membrane of its host ; it feeds by imbi-
bition (osmosis), there being no mouth or alimentary canal.
Each segment contains male and female organs—i.e., sperm and
germ cells—and a set of lateral tubes, connected by an inferior
transverse canal, which constitute the water-vascular system.
The segments are continuously formed between the head and
the next proglottis, so that the tail segments are the oldest
and the cephalic segments the most recent. The male and
female cells escape by a common tube placed in the middle
of each lateral half of a segment, the open pore being called
the ¢ generative pore.” Reproduction affords an excellent illus-
tration of the alternation of generations. The proglottides,
together with the ova formed by the congress of the contiguous
sperm and germ cells, are extruded from the intestine of the
host. The proglottides decay, and give exit to their contained
ova. Each ovum thus liberated becomes covered with a dense
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envelope, which effectually protects it from wind and weather.
In this condition it is swallowed by some bird or mammal (no
other species of animal serving to nourish it), and its case is
dissolved either by mastication or the gastric juice ; the once
more liberated ovam, now called a ‘proscolex,’” becomes pro-
vided with three pairs of sharp spines, with which it bores its
way through the gastric walls, and takes up its abode in the
liver, or some other equally rich feeding ground. It next de-
velopes a sac from its caudal extremity, four cephalic suckers,
or oscula, and a terminal circlet of hooklets, and becoming en-
cysted, is now known as a hydatid, or cystic worm, or ‘scolex.’
No further change takes place as long as it maintains its present
habitat, but becoming liberated from its host, for the second

SCOLECIDA,

Morphology of Teniada. a. Ovom with contained embryo. &.
Cysticercus longicollis. ¢. Head of Twnie solium (enlarged) the
circlet of hooklets is at the top, and below them are those of the
cephalic suckers. d. A single segment or proglottis magnified.
1. Generating pore. 2, Water vessels. 3. Dendritic ovary.
e. Portion of tapeworm, natural size, showing the alternating
arrangement of the generative pores.

time, it is taken into the alimentary canal of some warm-blooded
vertebrate, where it is able to complete its cycle of transforma-
tions, The scolex now loses its sac, and developes segment
after segment of reproductive plates from the hinder part of
the cephalic segment, the first formed being immature, but the
later ones being furnished with both ova and spermatozoa, and
constituting real proglottides. The whole of the adult worm is
called a ¢ strobila.’

The tapeworms commonly infesting man, viz., Tenia solium
and Tenia medicanellata, are derived respectively from the
“scolices’ of the pig and the ox ; the animals so affected being
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“ measled,” in common parlance. Man himself is attacked by a
scolex—i.e., a parasitic worm in a transition state—which is
called a hydatid cyst ; this cyst contains an immature worm
with cephalic suckers and hooklets, and if swallowed by a dog
becomes developed into the Twnia Echinococei, which infests
that animal. In like manner the tapeworm of the cat, Twnia
erassicollis, 13 the adult form of the cystic worm of the mouse,
Cysticercus fasciolaris ; the tapeworm of the fox, Twnia pisi-
Jormis, the adult form of Cysticercus pisiformis, of hares and
rabbits ; the tapeworm of the dog, Tenia serrate, the adult
form of Cenurus cerebralis, the cystic worm which produces
‘ staggers’ in the sheep.

Order 2. Trematoda ; the flukes. They are flat or roundish
Scolecida, infesting the intestines of vertebrates. especially
fishes and birds. The intestine is much branched, and, as in
Ceelenterata, there is but a single opening, which serves for both
mouth and anus. There are suckers at the anterior end of the
disec. . They are dieecious, and in reproduction go through an
alternation of generations. The Distoma hepaticum, or liver
fluke of the sheep, may be taken as the type form. This is a
flat ovate worm, a quarter of an inch long, with a sucker at
either end. The ‘genital pore’ is placed laterally, midway
between the suckers. The nervous system possesses a nervous
collar, which surrounds the sophagus, and whence nerves
radiate to the various tissues.

There are distinet sets of muscles, which are agents in loco-
motion, beneath the integument, as is the case in most of the
intestinal worms. The organs of reproduction are very large ;
indeed they attain a greater relative size in this class than in
any other, and only one kind are found in any one Trematode.
The female organs consist of the following : 1. A sub-globular
ovary placed just behind the ventral sucker, and filled with nu-
cleated cells; 2. Vitellaria, which are branched tubes, and are
the yelk-supplying organs; 3. A Uterus, which is an expanded
part of the ovarian duct, whence a wagina opens into a
common cloaca ; the ova acquire a shell-covering in the oviduct
in the same manner as the egg of a bird. The male organs
are : (1) A Testis, a convoluted tube, with ceecal diverticula,
whence (2) A duct passes, the vas deferens, to open into (3)
The sac of the penis. The life history of a Trematode is as
follows : The product of the egg is a ciliated, freely swimming,
long, cyst-like creature, furnished with ocelli, and called a
Monostoma. This embryo becoming stationary, sheds its outer
covering, and sets free a contained cyst, which is termed a
cerearia cyst, redia, or sporveyst ; it has two lateral appendages,
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and a tail. The sucker at the oral end increases in size, and
the body is found to contain numerous little caudate bodies,
which increase by fission, and are called cercarice. These little
bodies infest the bodies of fresh-water snails. Cercariz are set
free by rupture of the cyst. The little creatures now develope a
sucker, boring spikes, and a water-vascular system, but no re-
productive organs. In this state it swims about until it enters
the body of a snail, or some such animal, by boring with its
sucker. When safely housed, it casts off its tail and becomes
encysted. Further changes only take place when the cyst is swal-
lowed by a vertebrate, when it completes its final change by
becoming a fluke.

Order 3. Tarbellaria. Non-parasitic worms, which live in
water, or else on moist land, The integument is ciliated, but
there are no oral or anal suctorial discs. Unlike Trematoda,
the Turbellaria have frequently no perivisceral cavity, the ali-
mentary canal ending in the body sarcode.

They contain the Planarida and Nemertida.

Planarida are salt- or fresh-water Scolecida, with a protrudible
net-like organ near the mouth, called the proboscis. They are
generally aproctous, i.e. without a separate anus. They are di-
cecious, and their reproduction is by fission, gemmation, or by
congress of sperm and germ cells. Type-form, Planaria lactea.

Nemertida are marine and fresh-water worms ; they possess a
perivisceral space, a mouth, and distinct anus. They are ribbon-
shaped, and in reproduction resemble Planaria. The larva of a
Nemertis 1s called Pilidium ; it is a small, helmet-shaped, freely
swimming embryo, with the alimentary canal opening between
the lobes. The adult Nemertis grows from a blastema thrown
out from the sides of the alimentary caunal.

Sub-class II. NEMATELMIA.—Parasitic Scolecida, with an elon-
gated cylindrical body, without any differentiated locomotive
organs, but with an appearance, it is nothing more, of segmen-
tation. The Nematelmia are unisexual, and comprise some of
the most formidable of the parasitic worms. The Acantho-
cephala, Gordiacea, and Nematoda are found in this division.

Order 1. Acanthocephala are dangerous parasites, infesting
fish and birds. They are very lowly in organisation, as are so
many of this singular class ; the simplicity of their structure
indeed is not unfrequently as extreme as that of Protozoa, a
circumstance that does not seem unimportant when we are
treating of evolution. Many sub-kingdoms indeed possess in
their ranks creatures of so humble a type as to render it unne-
cessary to travel much beyond them for their prototype. These
Acanthocephala for example possess no alimentary canal what-
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ever, and subsist, like the Twmnise, entirely by a process of
absorption.. They are like the Tewnize also in possessing a head,
armed with suckers, by means of which they adhere to the in-
testine of their host ; and in a third particular, viz.,in the fact
that they are developed through an alternation of generations
from cystic worms, they remind us of the tapeworms.

Order 2. Gordiacea are hair-like parasites infesting grass-
hoppers and other insects, and often many times exceeding their
victims in length.

Order 3.—Nematoda. Thread worms, or round worms.

Free and parasitic worms, which often infest the human in-
testine ; they comprise Ascarides, Tricocephalus dispar (infesting
lower part of small, and upper part of large intestine), Owxyuris
vermicularis (found in rectum), Strongylus (found in liver,
lungs, and kidneys), Anclystomum duodenale (found in the duo-
denum), Filaria medinensis, or Guinea-worm (in subcutaneous
tissues), and Trichina spiralis (found in the muscles). The in-
testine is ‘aproctous.” The integuments have three layers—1.
epidermiec ; 2. muscular (of decussating fibres) ; 3. a deep cel-
Iulo-granular layer. Mouth at anterior end, with three fleshy
lips, but no suckers, &e. Reproductive organs resemble those
of Turbellaria. No alternation of generation. Males smaller
than females. Trichine are encysted in muscles of pig. When
eaten by man the cyst is ruptured, and the liberated Trichinse
increase enormously in numbers by viviparous reproduection,
and emigrate from the stomach and intestines into the muscles.
When they reach the museles they again become encysted and
quiescent, but during their march they give rise to the serious
and often fatal symptoms of Trichiniasis. It has been calculated
that individuals so affected have lodged more than 20,000,000
of these worms. Filaria medinensis, or Guinea-worm, is ano-
ther parasite of importance as a canse of disease. The parent
worm inhabits the tanks in India, and makes its way when very
minute into the subcutaneous tissues of bathers. It lives and
grows here for about a year, when having attained a length of
several feet, it again makes its way to the surface to get rid of
its young ; it is in this outward-bound passage that it gives
rise to most distressing symptoms. The natives endeavour to
extract it by twisting it slowly day by day round a little stick
or twig, but if this once breaks, the injured animal retires be-
neath the skin, and the last stage of that man is worse than the
first. It is a curious fact that all the known specimens of
Filaria are adult females. There is another large division of
Nematoid worms, comprising indeed more than 200 species,
which are always free, and inhabit our ponds and seas. The
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most familiar example of this section are the wvinegar eels, and
the vibrios, which give rise to the ‘ purples’ upon the ears of
wheat. The generic name for this section is Aunguillulide.
They resemble the parasitic Nematoda in their anatomy.
Sub-class Rorirera. Wheel Animalcules. Free, minute,
nearly all microscopic aquatic Annuloida, possessing well-de-
fined water-vessels, which seem to act as excretory (urinary),
and respiratory organs. The single opening of this system
is at the hinder part of the body ; tubes (ciliated) ramify
thence through the body, and termi-
nate in the trochal disc after commu-
nicating with a large rhythmically
contractile sac, and the ciliated ceph-
alic, or trochal dise, called the ‘wheel
organ,” which is capable of rapid in-
version and eversion, giving rise tc
the wheel-like movements character-
istic of these animals. This is the
organ of locomotion, and acts much
m. the manner of a propeller to a
screw. Sexes distinct. Males very
small, and no alimentary canal. Fe-
males provided with complete ali-
mentary canal. The free Rotifera
have a ‘foot,” or prehensile disc at
the proximal or caudal end, and a
Ao pair of ‘toes,” which act as pincers.
a. Depression leading to mouth, The mouth of a Rotifer is an
b b. Trochal disc. e Nervous elaborate machine, and consists of
ff:fiﬁﬂﬂ:? 2 ’;‘&}‘J,‘,‘QZE a lower jaw, which is fixed, but has
h. Water-vascular system. &, two moveable ‘ rami’ connected with
Intestine, . Cloacm. . . :
it, and upper jaws, or ‘mallei,’
which are moveable, and whose cutting edges shear-like divide
the fuci, &c., on which the creatures prey. The mouth opens
into a bulbous, muscular, walled pharynx, and thence leads to a
simple, somewhat convoluted tube, which ends in a cloaca,
common to the urinary, digestive, and generative organs. The
cephalic nervous ganglion is very large in proportion to the size
of the animal, and they appear possessed of instinct to a con-
siderable degree ; indeed, they seem to possess many points
in common with the class Insecta, althongh there are other
features which connect them with Crustacea, and again others
with Infusoria. The best hunting-grounds for Rotifera are the
little pools in leaden pipes or tubes which are open to the air, or
vegetable infusions after the smaller Protozoa have passed away.

Fig. 14.
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CHAPTER IX.

Sue-Kixcpoym: ANNULOIDA—CLASS : ECHINODERMATA—PHYSIOLOGY
OF ANNULOIDA.

Class 1I. ECHINODERMATA (echinus, a hedgehog ; derma,
skin), form one of the best marked classes in the Animal King-
dom. Their great peculiarity is, that the adult animal, which
is radially symmetrical, is developed from an embryo of a totally
different construction, which is bilaterally symmetrical, and
which entirely disappears during the development of the mature
animal, They all possess a more or less perfect calcareous
framework. The water-vascular system, which is common to
them and the Scolecida, opens upon the exterior, subserves
locomotion, and is termed the ambulacral system. The nervous
system consists of a gangliated cord, which surrounds the
wsophagus, and sends nervous twigs to all parts of the body.
Alternation of generations is universal among the Echino-
dermata. The embryo is a free-swimming ciliated creature,
strangely like a painter’s easel, and hence called a FPlufeus.
This passes through a curious cycle of changes ; the digestive
canal appears in the middle of the frame, and makes a ventral
curve, or a curve towards the digestive canal. Contempo-
raneously with the disappearance of the frame of the Pluteus,
the future Echinus becomes sketched in, and a radially sym-
metrical animal at length results, which is totally unlike its
predecessor.

The Echinodermata are interesting in affording striking ex-
amples of the different directions in which evolution may tend,
e.¢. taking an Echinus, or Sea-urchin, as the central type, from
this globular animal we can trace through easy stages the
development on the one hand of such radially symmetrical
creatures as the Asteridea, which may be nearly all arms and
no body, and on the other hand, from the same starting-point,
we are led to elongated, linearly symmetrical, worm-like crea-
tures, such as the Holothuridea ; so that we are conducted
downwards to the Ceelenterates by the one road, and upwards
to the Annulosa by the other,
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They comprise five well-marked orders :—

. Echinidea, Sea-urchins.
Asteridea, Star-fish.,

. Crinioidea, Feather-stars.

. Ophiuridea, Brittle-stars.
Holothuridea, Sea cucumbers.

:.".'.ITI'FLW!.‘:&I—*

Order 1. Bchinidea. An Echinus may be taken as a good
central type of the entire class, and may be defined as follows :
a radially symmetrical animal, of a globular, or depressed form,

METAMORPHOSIS OF ECHINUS.

Flutews paradorus. 1. Apex of the body. 2. Lateral proceases.
3, 3 and 4, 4, Four arms of the Pluteus body. 5, 5. Anterior and
posterior processes of the framework of the month. «. Mouth in
the midst of the four-pronged proboseis. b, Curved border of
framework. e. Stomach. d. Constriction of gullet. e. Cal-
careons framework of the skeleton. 2. Central disc showing the
further development of the Echinns, with commencing spines.
c. and d, Disappearing calcareous framework. 3. More advanced
state, showing the cirri and spines projecting from the surface,
and the larval form almost gone.

encased in a calcareous shell or test, composed of many-jointed,
immoveable plates. The intestine is convoluted, suspended in
a perivisceral space, and is supplied with both mouth, placed
below, and anus, placed above. The larva is a Pluteus. The
shell or test of an Echinus is formed of twenty rows of immove-
able plates, arranged in regular order from the apical to the
oral pole, in ten alternating zones. Each zone is composed of
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five large imperforate plates, provided with a great number of
short-jointed spines, which are auxiliaries in locomotion, and
of five smaller perforated plates, called ambulacral plates ; the
apertures transmitting the feet, or ambulacra. The apical end,
in addition to five small circularly disposed plates, is sur-
rounded by five large genital plates, each of which contains
(1) a duct for the passage of ova or spermatozoa, (2) an ocellus
or eye-spot placed on each of the five small intercalated plates,
and (3) a large aperture is always present, situated on the largest
genital plate, and called the Madreporiform canal.

Fig. 16.

DENTARY APPARATUS OF ECHINUS, OR ARISTOTLE'S LANTERN.

The right hand diagram shows three of the teeth in position. a a.
Cutting edzes of the teeth, which are extremely hard. &. Fibrons
roots of the teeth. ¢ ec. Opposed bony surfaces of the jaws. d d.
Arched processes. The left hand diagram shows an isolated
pryramid. e. External surface, Other letters as hefore,

The shell is developed from a membrane which lines the in-
terior of the plates, and passes between the joints, so that
additions can be madeto their edges, by which means the animal
increases in size, while it preserves the same relative propor-
tions. Locomotion is effected as follows:—The tubular feet which
pass through the ambulacral canals are all hollow, and just be-
hind the shell communicate with a large sac or water-butt ; they
also communicate with each other by radiating tubes. The
walls of these sacs and tubes are muscular, so that when the
sac or butt contracts, the water is forced from it into the tubes,
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which are thereby elongated and protruded ; a sphincter at the
end of the tube enables the animal to draw or roll itself along
just the length of the contraction of the foot, and by this con-
traction the foot is retracted, and the water squeezed back into
the water sac. The Madreporiform wvesicle is also guarded by
a muscle, and permits the ingress of water, excluding sandy
particles, &e., to the general water-vascular system.

The mouth of an Echinoderm is one of the most complex in
the entire Animal Kingdom, though evolution fails to show by
what steps it has become so largely developed ; it appears indeed
to be not only one of the most perfect, but one of the earliest
instances (the Rotifera alone preceding them) of a dentary
apparatus in the Animal Kingdom. It is composed of fine,
accurately fitting vertical pyramids, an inch deep in the larger
specimens, each provided with a rod-like calcareous tooth,
worked by a couple of beautifully trochleated muscles. The
intestine is tortuous, and is connected to the shell by delicate
membranous mesenteries. The mouth and anus, though
broadly speaking discal and apical, are really often eccentric in
position. The Echinodermata are dicecious. Fchinidea possess a
true hsemal system ; the heart giving rise to an aorta, which
surrounds the gullet and intestine. The blood is aerated (by a
process akin to branchial respiration), through exposure to the
oxygen mixed with the water which is constantly circulating
over the vascular mesenteries.

Echinodermata possess in addition to the structures already
described, three other peculiar organs, spines, pedicellaric,
and Pollian vesicles.

Spines are numerous irregularly disposed jointed processes,
which are scattered over the test, and act as passive weapons
of defence.

Pedicellarice are minute almost microscopie, jointed spines,
scattered all over the test of the Echinus, and terminated by a
tripodal claw, capable of being closed like a pair of forceps upon
any animalculi or offensive matters that may tend to obstruct its
shell. The pedicellariz act indeed in a twofold manner, by
simultaneous movement (for they are worked by muscles) ; they
waft nourishment to the mouth, and by their clasping power
and jointed bases they can sweep a small area of the shell, and
keep it free from molesting animalcules. These curious organs
are indeed merely modified spines.

Pollian wvessels are a cluster of free-hanging sacs, connected
with the madreporic tubercle, and also with the ambulacral
canals. They are muscular organs, and assist in the propulsion
of the fluid contained in the canals.
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Echinidea contain the following families :—

Suborders. 1.— Spatiformes, or Spantangoid sea-urchins. Flat
or obovate in shape, with eccentric oral and anal apertures. No
anterior ambulacrum.

a. Ananchytida. Ambulacra, simple.

b. Spantangide. Ambulacra, petaloid.

2. Lampadiformes. Oral aperture, central. Ambulacra, all
similar. Anus often found in genital disec.

¢. Fchinoneida. Toothless, ambulacra simple.

d. Cassidulida. Toothless, ambulacra petaloid.

e. Clypeastrida. Toothed, ambulacra petaloid.

f. Echinoconida. Toothed, ambulacra simple.

3. Globiformes. Oral and anal apertures central ; latter sur-
rounded by genital plates.

g. Cidarida. No buceal branchize on ambulacra, which are
prolonged over buccal membranes ; spines unusually long and
bright coloured.

h. Echinide. Buccal branchise present, but ambulacra not
prolonged over buccal membrane,

4, Tesselata. Corona of test consisting of more than twenty
plates ; all extinet, Palaeozoic Echinoderms.

Order 2. Asteridea, Star Fishes. Radially symmetrical
animals, composed of a small central body and five long radiat-
ing arms, with ambulacra below, and a coriaceous covering
above, consisting of a muscular integument with thickly scat-
tered calcareous particles. The central body presents two poles,
a lower oral pole, and an upper anal orifice. The arms are
hollow for a certain distance, to permit of caecal extension into
them of the stomach. The larva is bilaterally symmetrical, like
that of Echinidea, but is never enclosed in a skeletal frame-
work. The upper, anal surface, presents the madreporiform
tubercle ; neither the anus or madreporic vesicle are central, and
both are placed in what corresponds to the interambulacral area
of a sea urchin. There are no teeth. The heemal system is
arranged as in sea-urchins, a blood vessel surrounding the gullet
and intestine, the whole being placed internal to the ambulacral
system. Purification of the blood is ensured by continuous
currents of water being kept up by ciliary action ; the water
being admitted and then expelled through numerous contracted
ciliary tubes, which form part of the ambulacral system, and
are consequently situated on the lower aspect of the animal.
Nervous system as in Echinidea. Ocelli generally present.
They are mostly diczcious, the young passing through an alterna-
tion of generations. In the first stage the embryo is ciliated ;
in the second stage an indentation takes place, making the body
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crescentic, the concavity is alone ciliated, and becomes the
mouth, the convexity becomes the anus, an alimentary canal
connecting the two ; in this state the animal is bilaterally sym-
metrical, and is called a Bipinnaria. In the third stage, the
future star-fish begins to be laid down in this larva, the ambu-
lacral system and madrepore tubercle are first formed, then the
arms radiate, and in the midst of the decaying Bipinnaria the
Asteridea appears, the larva finally perishing, and the star-fish
escaping free. They contain the following families :—

Section 1. Ambulacra, with four rows of feet,

Families. a. Asteriade. Madreporic tubercles present, and
simple.

Section 2. Ambulacra, with two rows of feet.

b. Astropectinide. Back flattish, covered with tubercles, with
radiating spines at the top called ° paxillee.’

e. Pentacerotide. Body surrounded by longish or elongated
pieces, covered with a smooth or granular skin, pierced with
numerous holes.

d. Asterinide. Body discoidal, or pyramidal, sharp edged ;
skeleton of flattish imbricated plates, madreporic tubercles, occa-
sionally double.

Order 3. Ophiuroidea, Brittle Stars. Resemble the Asteroida
at first glance, but are sharply marked off from them by the
fact that the long slender arms are never pierced on their lower
surface for the passage of the feet, nor do the arms contain pro-
longations of the viscera, as in the former order. No anus is
ever present, the central inferior mouth serving the double pur-
pose of oral and anal operation. The long arms are furnished
with four rows of jointed ossicles, one row above, one beneath,
and one on either side; they subserve purposes of locomo-
tion. The madreporic tubercle is placed near the mouth. The
larva is a ¢ pluteus,” and is surrounded by a skeletal frame-
work.,

Families. 1. Ophiuridea. Genital fissures, two ; arms, five,
simple,

2. Asterophydice. Genital fissures, ten; arms five ; simple
or branched.

Order 4. cCrinoidea. KEchinodermata, chiefly fossil, fixed
to bottom of sea by a jointed stalk. The long, wavy arms, five
or ten in number, are not locomotive, but respiratory organs.
The mouth is superior ; anus, when present, inferior ; dicecious.
The embryo free and ciliated. Type-forms, Pentacrinus, Caput
Meduse, and Comatule ; both recent and fossil. Pentacrinus,
body formed of calcareous plates, prolonged into jointed stalk.
Mouth and anus both present. It looks like a little, leafless,
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twiggy shrub, about 1} inches in height. Deep sea dredgings
have brought up many new Crinoids, formerly believed to belong
exclusively to the Mesozoic period.

Comatule, or Feather Stars, are graceful, free-swimming
Crinoids, only attached by a stalk when young. The central
body is provided with ten wavy and freely fringed arms, which
serve as locomotive organs. Mouth central, and arms lateral.
Larva bilaterally symmetrical : imago radially so.

Order 5. Cystoidea. This order is entirely extinct, and is
confined to the Palwozoic period (except perhaps a curious Aus-
tralian Echinoidean, called Hypomone). The Cystoidea are
fixed to the bottom of the sea by a short-jointed stalk ; the body
is sub-globular, enclosed in a dense, jointed coat of mail. The
upper surface is generally devoid of arms ; three openings are
present, one oral, one anal, and the third the ambulacral orifice.

Order 6. Blastoidea. Entirely extinct. Palweozoic Pen-
tacrinites somewhat like Cystoidea. Fixed by jointed stalks to
the bottom of the sea. No arms; body of calcareous plates.
Oral aperture central and superior, surrounded by five ovarian
apertures.

Order 7. Holothuroidea. Sea Cucumbers, or Trepangs.
Echinodermata of a slug-like form, covered with a thick, soft
integument, containing calcareous particles from one to three
inches in length. From the oral aperture branched and feathery
tentacles, processes of the water-vascular system, protrude into
the water, while another internal development of the same
system forms the beautiful ‘respiratory tree.” Larva vermiform
and without skeletal framework. Locomotion either by ambu-
lacral feet, or, when these are not present, by jointed, anchor-
like spines, or by muscular contraction of the body itself. The
madreporiform tubercle does not open exteriorly, but ends in the
perivisceral cavity. The intestine ends in a cloaca, whence two
tubes proceed, one to the anus; the other passes up again in
the substance of the animal, and after branching in a very free
manner ends czecally near the mouth, and forms the respiratory
tree. The walls of the tubes are muscular, The whole integu-
ment is so muscular that a sea cucumber can at a pinch eject its
oWwn viscera.

Family I. Holothuride. — Body coriaceous, with calcareous
particles. Ambulacra and respiratory tube present.

Family II. Sympatide.—Body coriaceous, covered with spines,
by which the animal moves. Ambulacra rudimentary or absent.
Respiratory tube often (not always) absent.
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PHYSIOLOGICAL PROCESSES OF ANNULOIDA.

In brief summary, the physiological processes of Annuloida
are as follows :(— .

Digestion.—All the Scolecida, except the Tweniada and Acan-
thocephala possess an alimentary canal, which, in the Trematoda,
the Gordiacea, and Turbellaria has only one inlet and no outlet ;
in the Rotifera, the Nematoidea and some Turbellaria, there is
both an oral and an anal aperture, and very often a pharyngeal
dilatation or crop. All the Echinodermata have a well-developed
intestinal canal, distinet from the walls of the body, and pro-
vided with both oral and anal apertures, which are situated
directly opposite each other.

Clireulation and Respiration.—The only organs present for the
performance of these functions are the water-vascular systems
of the Scolecidee, and the ambulacral vessels of the Echinoder-
mata. They subserve the double purpose of cireulatory and
respiratory organs. Most of the ambulacral vessels are lined
with cilia.

Nervous System.—Only possessed of a sensori-motor and excito-
motor power. No real volition yet present. In other words, all
the movements are of a reflex character ; there i1s a low degree
of sensation 1n some,
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CHAPTER X.

Sup-KingpoMm : ANNULOSA—SUB-DIVISION : ANNELIDA.

AxwULosA.—Synonyms, Homoganglita (Owen); Articulata
(Cuvier).

Definition.—The body of the Annulosa is divided into seg-
ments, called somites, which are arranged in a longitudinal
manner. The covering of these somites is dense, and gives in-
sertion to powerful muscles. The nervous system is very well
developed, and always arranged in a definite way, and a way
which is peculiar to this sub-kingdom. The gullet is surrounded
by a nervous collar, with one large ganglion (supra-esophageal)
above the gullet, and from this collar a double gangliated cord,
two ganglia for each segment, succeeds, which passes down the
whole ventral aspect of the animal. ILambs, when present, are
neural.

ANNULOSA are primarily divided into two great groups, ac-
cording as the creature has limbs or mnot, called respectively
Arthropoda and Annelida : the distinctive characters of each
of these we must define.

Arthropoda (apbpor, a joint; woiic, a foot), always possesses
articulated limbs, appended to a dense exo-skeleton. There is
perfect bilateral symmetry in all the parts of the body, both ex-
ternal and internal. The organs of vision are highly developed.
The jaws move transversely, and the head is supplied with
feelers and antennze. Neither the embryotic nor adult arthropod
ever possesses cilia. In place of a heart they possess a distinct
dorsal vessel, which is valved, and eontracts rhythmically.

Anmnelida are worm-like animals, with a soft integument, which
is, with the exception of the Gephyrea, always segmented ; they
do not possess jointed limbs. The organs of sense are very
simple. There is no distinet valved contractile dorsal vessel ;
but nearly all possess vessels which, by a sort of physiological
compromise, are called pseudohemal ; they contain a corpuscu-
lated, and often greenish fluid, and the vessels entering into
their composition, are often much convoluted, and provided

E 2 '
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with thin sacs or hearts. The embryo, or adult, possesses cilia.
The head is little differentiated from the rest of the body seg-
ments ; the separate segments are often very numerous, some-
times numbering four hundred. Each segment bears two sets
of lateral appendages, or oars, two dorsal, and two wventral ;
besides these, other appendages, termed cirri, are carried dor-
sally, and near to them again are the branchiz. The foot
tubercle is provided with setz, which are locomotive organs.

Fig. 17.

b

DIAGRAM TO SHOW THE GENERAL MORPHOLOGY OF ANNULOSA.

¢#. Common plan, showing the dorsal hmsmal system above, the neunral
system below, and the digestive system between the two. 7. The same
in section, showing the same relative position of the blood, nervous and
digestive systems. a and b. Diagram in section and profile of an insect.
¢. A gpider, d and l. Crustacean at length and in section. g and A A
myriapod at length and in section. {and &. An annelid in full length
and in transverse section,

The intestine is always proctous, nearly always straight, and is
suspended in a perivisceral cavity.

The Annelida, which is only of the value of a class, contains
five orders—Errantia, Tubicola, Terricola, Suctoria, and Ge-
phyrea.

Order1. =Errantia(Nereidea),includes Sea Mice, Sez Worms,
and Sand Worms. Branchiated Annelides, the branchis being
either dorsal or lateral. The pseudhsemal vessels contain a red
or green corpusculated fluid. Integuments soft. Each segment
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presents a ventral and a dorsal arc, with ‘foot tubercles’ on
either side. The dorsal oar is called a ‘notopodium,’ the ven-
tral oar a ‘ neuropodium.’ Each carries setee, and a soft vascu-
lar structure termed the ©cirrhus.” The mouth is furnished with
jaws which, like the the jaws of insects, work laterally. *Seg-
mental’ organs are present. These are small csecal diverticula
placed laterally, and opening externally, which secrete mucus,
and act as excretory organs. They are unisexual, and the ani-
mals go through a metamorphosis during development.

Type-form, Aphrodite or Sea Mouse. This brilliantly tinted
worm has its back covered with large imbricated plates, forming
the ‘elytron’; the interspaces be-
tween the plates admit the water to
the branchise, which are lodged in
thespace below. Feelersof largesize
are present, and the head is supplied
with eyes of some complexity.
Setee and sharp spikes, armed with
recurved barbs, are appended to
the oars, and moved by muscles.
Reproduction by gemmation, and
by congress of sperm and germ cells;
the two processes occwrring alter-
nately ; thus the ova sexually pro-
duced grow into Annelides, which
multiply gemmiparously, and these
in turn produce the oviparous
Aphrodites.

Another well-known member of
the order Errantia is the Arenicola
piscatorum, or Lob-worm, which :
dwells in the sand on the sea-shore. % JFo @y p souvate  (Dorsal
This worm has thirteen pairs of e El;flﬂsﬁd in their smooth
branchize on each side of the body ; i
it has also a short proboscis, but is destitute of eyes and jaw.

Some of the Nereidea, e.g. Eunice gigantea, attain a consider-
able size, the last-named animal measuring about four feet, and
having a body composed of 400 segments.

The species Sagitte (fig. 19), may here be referred to, but it is
so very aberrant a form, that it is sometimes raised to the dignity
of a separate class, which is styled Chaetognatha (yairn, a hair ;
yrabog, a jaw). Sagitta is a marine, transparent Annelid, about
an inch long. Its head is round, and furnished with six sets of
setae, two large, like feelers, near the mouth, and the other four
short, at the side of the mouth. The posterior part of the body,

ANKELIDA,
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which tapers to a point, is fringed with a delicate membrane.
They are moncecious, and do not pass through any metamor-
phosis in reaching maturity.

Order 2. Tubicola are branchiated Anne.
lides, which have received their name from
dwelling in tubes formed of calcareous parti-
cles, which are secreted by the integumental
covering, and not formed of foreign bodies
like the homes of the Caddis worms. The
Tubicola somewhatresemble miniatureFrench
horns in appearance, and the animals can
leave the tube in which they dwell at pleasure.
The branchiz are arranged in lateral plumes,
and are always cephalic. Reproduction takes
place sexually, and also fissiparously. The
embryo is at first free and ciliated, afterwards
it loses its cilia, and developes the tube by a
process of epidermic secretion. Type-form,
Serpula, a worm common on our coasts ; the
tube is narrow and spiral, measuring about
one-sixth of an inch in diameter ; the open
Sagitta bipunctata from  mouth can be closed at will by a caleareous

below. a. Head. &. ,. E3

Ovary. c. Testicalar 1id or operculum ; when this is done the

chamber. d. Anus.  animal is secure from attack, and can sleep

in peace.

Order 3. Terricola are perhaps more correctly called Oli-
gocheeta (6Aiyoc, few; yairy, hair), as they include both land and
water worms. They possess no external branchize, but respire
by means of numerous internal ciliated processes. They move
by means of very short ventral setee. The mervous system is
often ill developed. In the earthworm it is a simple cord, with
scarcely any trace of ganglia. They are moncecious. They
are divided into two groups, the Terricola proper and the
Naididee.

The common earthworm, or Lumbricus, may be taken as the
type-form of the Terricola proper. It is a round worm, com-
posed of numerous segments. The anterior segments concerned
in reproduction are called the ‘eclitellum’ or ‘saddle.” The
mouth is edentulous, and the gullet straight; the latter leads
into a small muscular dilatation, the ¢ proventriculus,” which
conducts to the ¢ gizzard,” or stomach ; this, in its turn, leads
to a short, straight, anally ended intestine. The entire arrange-
ment of the alimentary canal is interesting in itself, and in its
nomenclature, as foreshadowing the plan that is met with among
the class of Birds. Segmental organs always present, and the
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pseudhsemal system very like the water-vascular system of
Teniadze.

Naidide are bright red little fresh-water worms, about an
inch long, and corresponding in anatomy to the earthworm.
Reproduction as follows : an adult Nais developes a bud between
two of its body segments ; the bud itself, and the two portions
of the body, the one in front and the other behind the bud, all
grow, without sexual congress, into adult and perfect Naididze.
These fissiparously produced individuals develope ova and sper-
matozoa, and give birth to future Naids by sexual congress.

Order 4. Suctoria comprise the Leeches, and may be de-
fined as aquatic worms, with a soft segmented body provided
with a suctorial disc at one or both ends. The body is moved
by powerful muscles. The alimentary canal is short (as it is in
all carnivores), and simple. There are seventeen °segmental
organs’ on either side of the body. The mouth is sometimes
edentulous, but sometimes, as e.g. in the common leech, Hirudo
medicinalis, is armed with powerful teeth. In the animal named,
the mouth has thin lips, each of which is furnished with a semi-
lunar finely serrated blade, or tooth, which being lodged in the
powerful subdermic muscles, can be worked in a sawing fashion
at the animal’s own sweet will.

Order 5. Gephyrea contains the genus Sipunculus. The
Sipunculi are marine, or rather coast worms, from halfsan-inch
to two feet in length, with bodies sometimes plainly, but often
only faintly segmented. At the anterior end we find a tentacu-
lated mouth, and a retractile proboseis ; an anus is present at
the posterior end. They are dicecious ; the alimentary canal
is convoluted, and closely resembles the ambulacral system of
Echinodermata, though without ambulacra. The entire order
"indeed corresponds about as closely to the Echinodermata as to
the Annelida, and is clearly the connecting link between the two
classes.
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CHAPTER XI.

SuB-KmnGpon : ANNULOSA—CLASS ! CRUSTACEA.

AnnvuLosA.—The remaining classes of Annulosa are grouped
together as Arthropoda, and are distinguished from Annelida by
the possession of jointed appendages. Their definition has been
given at the commencement of this chapter. They contain the four
great classes of Myriapoda, Arachnida, Crustacea, and Insecta.

Although Crustacea constitute a high class of Annulosa, it is
taken first, as it affords a good central type, around which the
other Crustacea may be grouped.,

Class I. CRUSTACEA. Lobsters, Crabs, Barnacles, &e.

Definition.— Annulosa with jointed limbs ; breathing by gills,
or by the surface of the body. Two pairs of antennse are pre-
sent. The locomotive appendages are borne by the abdominal
as well as the thoracic segments, and are more than eight in
number. Two or more of the appendages are modified to form
a manducatory apparatus. The appendages modified into limbs
vary from five to seven in number. A typical Crustacean consists
of twenty somites, six of which, often welded together, are
cephalic, eight thoracie, and six abdominal. The cephalic and
thoracic segments being more or less amalgamated form the
cephalo-thorax. Each somite has a pair of appendages, some
of which, termed ‘antennse,” are devoted to the most various
uses, ¢.¢., they may be organs of touch, as in lobsters, or of
smell, as in Decapoda, or they may be digging organs, as in
Scyllarida, or of prehension, as in Merostomata, or claspers for
the male, as in Cyclops, or serve as organs of attachment, as in
Cirripedia. Each somite is composed of several bilaterally
symmetrical parts, forming a dorsal or fergal are, and a ventral,
or sternal arc; each half of the tergal arc is formed of a su-
perior piece, the tergum, and a lateral piece, the epimeron, to
which the pleurz are joined ; each half of the sternal arc is formed
of an inferior piece, the sternum, and a lateral piece, the epister-
num. Septa, called apodemata, pass inwards from the junction of
these various pieces. The entire body is encased in a strong chi-
tinous exoskeleton, which in many, e.g. in the Lobster, is further
strengthened by a powerful dorsal shield, the carapace, formed
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by the enormous development of the tergal and epimeral pieces
of the first fourteen somites. The last abdominal somite is
terminated by an azygos segment, the telson, which, being single,
is regarded by some as an appendage, and by others as a true
somite, because it is pierced by the termination of the intestine.
Taking the Lobster as our type-form, we find the somites pos-
sessing the following appendages: Each abdominal segment,
regarding the telson as an appendage, is supplied with a pair of

Fig. 20.

MoRPHOLOGY OF THE LOBSTER.

1. Diagram of exockecleton, A. The tergal, and 5. the sternal arcs. «a.
the tergal pieces. ¢c. Epimera. & b. The sternal pieces. d d. Episternum.
e €. Insertion of extremities and pleurse. 2. One of the somites sepa-
rated. a. Tergum. §&. Sternum. e¢. Pleuron. . Protopodite, e. Ex-
opodite. 7. Endopodite. 3. A foot jaw or maxillipede. a. Gill. b,
Epipodite. ¢, Exopodite. d. Endopodite. ¢, Protopcdite.

jointed limbs, called swimmerets. Those attached to the first
somite, that is, the one succeeding the thoracic somites, are the
largest, and act as paddles. Each is formed of a short piece,
jointed to the sternum, called the protopodite, or basi-podite,
and two larger, fringed and somewhat flattened segments, the
outer of which is called the exopodite, and the inner the endo-
podite. The remaining abdominal somites possess similar appen-
dages until we reach the first piece, when we find that the
swimming legs are modified into walking legs by the suppression
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of the exopodite. The last thoracic segment carries a similar
pair of ambulatory legs, except that the propodite bears a little
process, the epipodite, which serves to support and keep the
branchise open. The last somite but one has similar appendages,
but their extremities are converted into small nippers, called
chelee ; the next segment carries similar kinds, and so does the
succeeding one, but the chelwe are developed out of all proportion
to the preceding, and form the great claws. The two next seg-
ments carry appendages modified to form manducatory organs,
- and called mawillipedes, or foot jaws; they are composed of the
same elements as the swimmerets and walking legs. The next
two segments, which are cephalic, carry appendages in the form
of jaws, and called the first and second pair of mawmille. Still
the same elements are recoguisable, but the epipodite of the
first pair is rudimentary, and that of the second pair is large,
shaped like a spoon, and called the scaphognathite (srague, a
boat ; yvdfoc, a jaw), and serves to keep up a constant current
of water through the gills by continueusly baling out the water
which they contain. The next segment bears the biting jaws or
mandibles ; in them the endopodite is very small, and is called
the palp ; the propodite is large, and forms the greater portion
of the jaws; the exopodite is undeveloped. The mouth is
placed between and at the base of the mandibles ; the upper lip
is formed by a single plate, and is called the labrum ; the lower,
or hinder lip, is a forked process, and is called the metastoma
or labiwm. The succeeding cephalic segment carries the long
antennse, or feelers, in which we still recognise the propodite,
a long jointed endopodite, and a small exopodite. The next
somite supports the smaller antennse, and the next, which is the
most anterior of all, bears the eye-stalls, at the end of which
the eyes are placed, and which eye-stalks are simply propodites.

Such is the typical arrangement of the somites in the Crus-
tacea, but in some cases the segments mentioned above are not
all developed, an arrest of development having taken place.
Both the limbs and gills are always placed on the ventral
surface.

The alimentary canal of Crustacea is simple, terminating at
the telson by an anus, and has a well-developed liver in connec-
tion with it. Salivary glands semetimes, but not always, present.
The blood, which contains oat-shaped cells, is for the most part
contained in vessels, and propelled by a distinct heart ; the
course of the circulation is as follows : The heart is placed in
the dorsal region, and consists of a strong muscular ventricle,
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and an auricular venous expansion above ; in other words, it is
bilocular. From the ventricle the blood is pumped along seve-
ral arteries into numerous lacunee, which oceupy the interstices
of the body, and through which the blood passes into veins fur-
nished with muscular dilatations, as it were venous ventricles,
and by them is conveyed for purification to the gills, whence the
branchial veins, earrying arterial blood, convey it to the venous
sinus, which partially surrounds the heart, and so completes
the circuit of the blood current. From this i1t will be seen that
the heart of Crustacea is systemic, i.e., it pumps the blood
directly to the viscera and the body generally ; this we shall see
is the case in the hearts of all Invertebrates possessing these
organs ; whereas in Vertebrates the heart is as invariably respi-
ratory in the first instance, i.e., it forces the blood to the lungs
or gills for purification, and only secondarily propels it to the
entire system.

The nervous system is arranged on the same general plan as in
the rest of the Annulosa. The supra-cesophageal, or cephalic
ganglion, supplies the organs of sense. The ventral cord is sup-
plied with six thoracic and six abdominal ganglia, which supply
the muscles and viscera ; the viscera, however, have other special
ganglia.

Senses.—The eyes are often large, stalked, and compound—
the structure of the compound eye is deseribed under the class
Insecta. An auditory apparatus, consisting of a sac filled with
water, containing otoliths, and communicating by nerves, first
with the sub-cesophageal and then with the cephalic ganglion, is
placed at the base of the lesser antennse, and a gland, something
like the cement gland of Cirrhopoda, is placed near the sac.
The sense of smell is by some believed to be combined with that
of hearing, or rather that the organ just described is an organ of
smell and not of hearing. It is possible that the single nerve
may have the double sense. :

In Reproduction, the Crustacea are dicecious, and particulars
will be given under the heading of the different orders, of the
mode in which each order produces its like ; the organs of re-
production are, however, as follows : Female organs consist of
two ovaries, provided with duets, which open through the base
of the third ambulatory leg. Male organs consist of two testes,
sitnated in the thorax, each yielding its secretion to a vas deferens,
which leads to a musculo-membranous penis, which can be pro-
truded through an opening in the basal joints of the last thoracic
limb. The first and second abdominal limbs possess appen-
dages which are partly used to excite the female, and partly to
guide the male organ. ;
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Crustacea contain the following orders :—

Order 1. Podophthalmia, or Decapoda.—Crabs, Lobsters,
Shrimps, &e.

sy 2. Edriophthalmia, comprising Isopoda, or Wood
Lice ; Amphipoda, or Sand Hoppers ; and Lee-
modipoda, or Whale Lice.

Stomopoda comprise Mysis and Squilla.

Branchiopoda include Daphnia, Branchipus, &e.

Ostracoda include Cypris and Cythere.

Cirripedia comprise Acorn Shells, and Barnacles.

Copepoda comprise Cyclops and certain parasites
formerly called Epizoa.

,» 8. Merostomata contain the King Crabs, and many

' extinct forms.
5 9. Trilobita are extinct Pals:eozoic Crustacea.

M
1y

L

-

»2

Sl ol =

17

Order 1. Podopthalmia (woi¢, a foot ; (¢falpic, an eye), or
Decapoda, are the most highly organised of all the Crustacea.
They possess compound eyes, placed on stalks, which spring
from the first cephalic segments. The body "contains twenty
somites, and a carapace is always present, formed by certain
portions of the thoracic segments. There are five pairs of
walking legs, of which the anterior are chelafe.

The principal points in the morphology of the Decapoda have
been given above in the sketch of the type-form, the Lobster,
which was taken to describe the class.

The Anomuwra, or Hermit Crabs, differ from Macrura (the type),
in having a soft integument, and being dependent on the for-
saken homes of others for safety. The abdomen, too, does not
terminate in a caudal fin, and the tail is very small, though not
entirely absent. They possess a sucker, by means of which
they adhere to the shell they enter.

The Brachyura, or Crabs, again differ from the Lobster, in hav-
ing the abdominal and caudal segments, which serve as shelves
for carrying the ova, tucked underneath the cephalo-thorax. The
limbs, too, are all modified for walking. There is one large
central ganglion, whence nerves radiate to all parts of the body.
This is about the most perfect instance of concentration of the
nervous system met with in any Invertebrate below the Cephalo-
poda. It isin their reproduction, however, that the Decapoda
are most remarkable, all passing through a very curious meta-
morphosis, The impregnated ovam being extruded from the
oviduct, grows into a little creature called a *zoea,” not in the
least resembling the parent form. Itis a comical looking ani-
mal, with a large head, capped by a sort of helmet, with a long
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point in front, and a large spike projecting from its posterior

aspect ; there are also two large eyes, and a well-developed
abdomen, terminating in a bifid telson. In this condition there

Fig. 21.

METAMORPHO51S OF CRUSTACEA.

Carcinus meenas. a. Larval or first form. 5. Second stage. ¢. Third stage.
d. Final stage, in which the metamorphosis is complete.

are no gills, and no thoracic segments. It is only by a succes-
sion of ‘moults’ that the zoea attains the dignity of Lobster-
or Crab-hood. :

Order 2. Edriopthalmia (idpaioc, sessile ; dpfaduic, eye).
The eyes are both simple and compound, and as the name indi-
cates are sessile and never supported on eye-stalks. The body
has no earapace. The mandibles possess palpi. The branchiz
are either thoracic or abdominal. Several, never less than five,
of the posterior thoracic segments are freely moveable. The
Isopoda, comprising Wood Lice, &e., are distinguished by
possessing seven thoracic segments for seven pairs of limbs,
compound eyes, and a distinet shield on the head. The formid-
able little Limnoria terebrans, which by boring is so destructive
to shipping, belongs to this group. Its boring apparatusis a
modification of the maxillipedes. All the individuals of
Isopoda pass through a metamorphosis; the young are free
swimmers, the adults very sluggish. The Amphipoda or Sand-
hoppers are small Crustacea characterised by possessing a well
developed abdomen, and wvesicular respiratory organs which are
attached to the bases of the legs. They do not pass through
any metamorphosis. The Lemodipoda, or Sea Lice, are minute
aquatic crustacea possessing similar respiratory organs to the
former group, but no abdominal somites. The first pair of legs
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is placed below the neck, and the head is furnished with four
setiferous antennze. No metamorphosis.

Order 3. Stomapoda (rrépe, a mouth ; moie, a foot). Com-
prises Squillida, Glass Shrimps, Opossum Shrimps and Locust
Shrimps. They are marine Crustacea with pedunculated, com-
pound eyes, a soft membranous shell, and branchiz suspended
from the abdominal somites. The head is furnished with a
carapace.

Order 4. Branchiopoda contains Daphnia and many extinct
forms. Crustacea with numerous legs formed either for swim-
ming or as points of attachment for the branchize. © They are small
animals enclosed in a bivalve shell, the head alone extending
beyond the shell ; there are two pairs of antennse, the larger
serving for swimming organs. The Daphnia pulex is a pretty
little Crustacean, common enough in English ponds ; it swims
rapidly by means of its thoracic legs, which play between the
valves of the delicate bivalve shell. [FReproduction frequently
presents the phenomenon of parthenogenesis. The females
are much more numerous and larger than the males, and con-
tain two kinds of eggs, winter eggs and summer eggs ; the
summer eggs are numerous and ventral in poesition, the winter
egys are two in number and placed in a little dorsal receptacle,
the ephippium or saddle. Both kinds of eggs, though at dif-
ferent seasons of the year, develope into perfect Daphnize,
which in their turn produce other Daphnise, and then again
others (gemmiparously), without any sexual congress.

Order 5. Ostracoda, Freshwater Shrimps (dorpaxwiie, adj.
from &orparor, shell) includes Cypris. They are small Crustacea
of a somewhat degraded type. They are enclosed in a hard
bivalve hinged shell, the hinge being worked by an adductor
muscle. The somites are very imperfect. The abdomwen is
rudimentary and there is no distinet heart ; the male reproduc-
tive organs are very large. No metamorphosis, but partheno-
genesis sometimes takes place.

Order 6. cCirripedia (cirrus, a curl of hair; pes, a foot).
Comprises Acorn Shells, Barnacles, &ec., and is a curious
order of Crustacea, embracing pedunculated, sessile, and
apodal forms. The embryos are free, but the adults are fixed
(by a cement poured out by a gland connected with the ovary)
to some foreign object. It is the cephalic portion alone which
is thus fixed, the hinder part is free and can be protruded through
the shell. The Cirripedes are supplied with six pairs of ciliated
legs, which serve as prehensile organs. The antennze, eyes,
and abdomen are all rudimentary. The blood is white, and
there is no distinct heart, The Acorn Shells, Balanide, are
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sessile ; the Barnacles, Lepadide, ave stalked and consist of a
peduncle sometimes as much as two feet in length, and a capi-
tulum, the peduncle containing the anterior part of the animal,
the capitulum the rest. They are generally hermaphrodite,
and pass through a metamorphosis during reproduction. The
larva is a one-eyed free swimmer, called a ‘ Nauplius,” whi¢h
after one or two months becomes a pupa, enclosed in a bivalve
shell by a folding of the dorsal portion. The anterior limbs,
formerly paddles, become prehensile organs, the posterior con-
tinue swimming organs. At this period there is no mouth,
but after the cement glues the animal to some rock the mouth
is developed, the posterior limbs become prehensile, and the
Barnacle is complete. In one genus of Cirripedes, Scalpel-
lum, two very minute males are lodged within the shell of
the hermaphrodite cirripede, which consist of little more than
sacs filled with spermatozoa ; these curious bodies are termed
¢ Complemental males.’

Order 7. Copepoda (xdmy, an oar; woi¢) or Water Fleas,
includes Cyclops and other aquatic forms. Some, like the
Cyclops, are free and active, others, the Epizoa, are sluggish
and parasitic. The Cyeclops is a small Crustacean with oar-
like feet, enclosed in a thin bivalve shell. It has a single
eye placed in front of the antennwe. The feet are five in
number. Several moults occur during development. The
Epizoa are free as embryos, but in adult life are parasitic upon
the skin, or gills, or eyes of fishes. They are very small, and
of most simple organisation. They do not possess gills, but
breathe by the general surface of the body like a protozoon.
They possess a suctorial mouth, due to the elongation of the
labrum and labium. They possess antennse and eyes. The
body is divided into cephalo-thorax and abdomen. The limbs
or mouth are variously modified for attachment to their host.
The males are always very much smaller than the females, and
are sometimes attached for life to a female.

A very aberrant group called Rhyzocephala are astomatous, and
in their pupa stage, when attached to crabs, &ec., they become
simiple sacs filled with ova ; from the sac tubes proceed which
penetrate the tissues of their victim and twine themselves like
rootlets around his viscera. The embryo of these most extra-
ordinary Crustaceans is a free-swimming larva with a single
median eye.

Order 8. Merostomata include Xiphosura, the Limulus, or
King Crab, and many extinct forms. They are the largest of
all Crustacea, possessing mouths supplied with mandibles and
maxillze, whose extremities are modified to form walking or
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swimming feet. The anterior segments are amalgamated to
form a strong buckler, with ocelli, and compound eyes, placed
upon its dorsal surface. The hinder extremities are free, with
broad lamellar, ventral appendages, terminated by the telson,
which is prolonged into a long, strong and sharp spear-like
process.

The Limuli possess six chelate legs round the mouth, with
spinous bases serving as manducatory organs. There are also
six pairs of ventral appendages which carry the gills. The
venter, like the dorsum, is protected by a buckler or operculum,
The Palmeozoic forms, Pterygote and Eurypterida belong to this
order,

Order 9. Trilobita are all extinet Crustacea, found only in the
Palxozoic strata. The dorsum was protected by a three-lobed
carapace, but the venter was unprotected. Eyes were sessile
and borne by the carapace. The mouth was furnished with a
large labrum ; the telson was rudimentary. They are common
objects in every cabinet of Natural History.
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CHAPTER XII.

Sve-Kmwaposm ; ANNULOsSA.—CrLAss: MYRIAPODA.

MYRIAPODA include the Centipedes and Millipedes. They are
characterised by the body being composed of more than twenty
somites ; to each of which legs are appended. The segments
increase in number with increasing age. This fact distinguishes
them from Insecta. The head con-
sists of six somites, more or less Fig. 22.
welded together. The covering is
very firm and hard. The air is
drawn in through little holes or
spiracles, situated upon the surface,
and conveyed to tubes, called tra-
cheee, by means of which it is dis-
tributed to the entire body. The
eyes are numerous and sessile. In
reproduction. they do not pass
through a true metamorphosis, but
the embryo has frequently a less
number of legs than the adult,
only acquiring its full complement
after several moults. They contain
three orders, Chilopoda, Chilogna-
tha and Pauropoda.

Order 1. cChilopoda (y&ilog, a MYRIAPODA-
jaw ; woiy, a foot) are the Centi- Julus terrestris. 1. Full length

. . view. 2. Thesame coiled up by
pedes. The body is flattened, with muscular contraction of longi-

a generative pore at hinder end.  tudinal bl;lemd 3. Three seg-
ts,
Legs not extremely numerous, from  mode of - stbatmoe oF fhe

fifteen to twenty pairs. Mouth pos- (@) to the () abdomen.
sesses a hollow duct for the passage

of fluid from poison gland. Palpi and maxillipedes both present.
Two last somites form a tail ; the terminal somite is sometimes
curved into a formidable hook (as in the Scorpion), which is
hollow and conducts a poisonous fluid from a caudal poison
gland. The Chilopoda are harmless animals in temperate

F
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climates, but often very dangerous in hot countries ; examples,
Scolopendra, Geophilus and Lithobis.

Order 2. Chilognatha (y¢ihoc, lip; yrafor, jaw) are Milli-
pedes and Gallyworms. Body round with generative pore at
the anterior extremity. Legs very numerous, often a hundred
pairs, each somite, except the cephalic ones, possessing two.
Mouth has no palpi. Lower lip composed of confluent maxillz.
Type form the Miller,

Order 3. Pauropoda (waipoc, few ; woic), contains a single
genus, Pauropus, a minute Myriapod, J-th of an inch long, pos-
sessing ten setiferous somites. Legs, nine pairs. Antennze,
bifid and five jointed, with three long appendages. Respiration
through skin, No foot jaws. White in colour. Found on
decaying leaves.
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CHAPTER XIILI.

Svp-Kixgpoy: AxsvunLosa—Crass: INsecraA.

INSECTA.—The class of Insecta contains more species than all
the rest of the Animal Kingdom put together, there being
150,000 already defined ; but it 1s distinguished very readily
from all the rest by perfectly definite characteristics.

The body is divided into three segments : a head, thorax, and
abdomen.

The head contains the organs of sense, and supports two
antennee. The eyes are always compound.

The thorax consists of three somites, which always support
three pairs of articulated legs, and sometimes give attachment
to two or four wings.

The abdomen, composed of eleven somites, more or less
welded together, contains the viscera and organs of reproduc-
tion. Legs are never attached to the abdomen.

The respiration of insects is effected by means of traches,
which ramify through every part of the body. Many insects
pass through certain metamorphoses, as follows :—

The female insect lays eggs, which grow up into caterpillars ;
in this stage the insect is called a larva. This larva, after laying
up good store of food, goes to sleep and becomes wrapped up
in a mummy-like case, when it constitutes the chrysalis, nympha,
or pupe ; this is the second stage of insect metamorphosis. The
third and last is reached by the insect bursting its swathing-
bands and becoming a gay denizen of the air; this, the perfect
insect, is termed the imago.

The compound eye of insects and the silk-spinning apparatus
which some possess in their larval stage require brief descriptior,

The compound eye is thus formed. Two optic nerves are given
off from the supra-cesophageal ganglion, each of which spreads
out into a secondary ganglion. From this a vast number of
exceedingly short branches are given off, which pass through an
expanded pigmentary tunic, called the common choroid, and then
themselves dilate into a nervous layer, the common retina.
From this retina a multitude of long filaments are given off,

F 2
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each of which terminates in a little corneal prism, the corneal
facets. The common house-fly possesses about 8,000 of these,
each of which, from being connected with a separate nerve,
constitutes a separate and perfect organ of vision : other insects
possess even a greater number.,

Some Insects spin silk, Spiders, spin webs. The apparatus in

Fig. 23.

L

DIAGRAM OF INSECT.

Blatta orientalis. «. Head with componnd eyes and antennse. 5. Prothorax
with first pair of legs. ¢, Mesothorax with second pair of legs and first
pair of wings. d. Metathorax with third pair of legs and second pair of
wings. e. Abdomen withont limbs, but carrying terminal appendages
which are subservient to reproduction.

both is arranged in the following manner :—Two long and large
secreting ceecal tubes are situated on either side of the alimentary
canal ; these terminate in excretory ducts, which pass up to ter-
minate on the under lip, at the base of a little elevation called
the fusulus, or spinneret. When spinning, this fusulus is placed
against any object, and the head being withdrawn, the tenacious
fluid of the ducts is drawn out ; this being exposed to the air,
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rapidly loses its fluid parts, and becomes converted into a thread
of silk.

Insects are sometimes divided into two great groups, by the
description of mouth which they possess.

Some possess a formidably armed mouth, provided with
powerful jaws, and capable of biting, boring, tunnelling, &c.
This is the mandibulate mouth, and is illustrated by beetles,
dragon-flies, &e. The second group possesses a mouth adapted
to suction ; it is arranged in the shape of a long, coiled, hﬂ%ﬂﬁ’
tube, which is covered by spiral muscular fibres, running in
opposite directions, and so enabling it to suck up the juices of
flowers. This is the haustellate, or suctorial mouth. This group
is illustrated by the Butterfly, &c.

Two very interesting varieties of 4gamogenesis are met with
among Insects. In one variety the female, e.g. the silkworm
moth, lays fruitful eggs without any sexual intercourse. Inthe
genera which multiply in this way the females never acquire
wings. In Bees a modification of this plan is met with : the
queen bee (the only perfect female in the community) has coitus
with a drone once in four or five years, the drone paying for the
honour of her embraces with his life ; the immense number of
eggs the queen-bee gives birth to during this period of four or
five years are all impregnated by this single act of sexual
intercourse. Amnother form of Agamogenesis is met with among
the Aphides. An aphis, when supplied with warmth, commences
to produce, and goes on producing, for an indefinite period of
time, fresh aphides, which, like their single parent, are all true
neuters.

There are three kinds of insects whose parasitism 1s so in-
teresting as to be worth mentioning :—

1. The Ichneumon is parasitic in certain caterpillars. The
eggs are laid in the body of the grub, and grow up there into
larvae ; the larvee then devour their host, but do not devour his
viscera or each other.

2. The Stylops is parasitic in bees. The male exists in the
pupa stage within the body of the bee, whence it finally issues
as a minute imago. The female, which appears like a shapeless
bag, protrudes a rudimentary head from the body of the bee,
and in this situation is impregnated by the flying male.

3. The Sphex, a species of wasp, stings some large insect,
such as a beetle, in the thoracic ganglia, and, having paralysed
its victim by this means, it deposits its offspring within the un-
resisting body of its vietim, who devour the internal viscera at
their leisure.

The wings of insects, when present, are developed from the
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tergal elements of the second and third thoracic somites. In-
tegument chitinous and moved by muscles. The thorax is
composed of three segments, called respectively, prothoraux,
mesothorax and metathoraz. The legs of insects are formed on
something like the vertebrate plan, and consist of a coxa or hip,
a trochanter, or point of attachment for rolling musecles, a femar,
or thigh, and a farsusor foot. The wings, which are membranous
vesigles penetrated by the trachese, may be looked upon as
tracheal expansions; they are, however, essentially organs of
flight, as the Insect does not necessarily die if they are removed,
respiring, under these changed circumstances, by the surface of
the body. When the anterior wings are chitinous, or leathery,
they are called ‘elytra ;’ sometimes the posterior pair are con-
verted into filaments, called halteres’ or ¢ poisers.” When a
sting is present, it is generally
Fig. 24. carried near the tail, which also
1s connected with the generative
oTgAans.

The mouth of insects is a
most complex and variously
modified apparatus, but, as has
beenmentioned above, is broadly
divisible into two distinet kinds,
the masticatory and the suctorial
mouth. The masticatory mouth
consists of an upper lip, or la-
brum, a pair of biting jaws, or
mandibles, a pairof chewing jaws,
furnished with palpi, or maxille,
and a lower lip, formed by con-
a. Lﬂhr}m:l or upper lip. b.Labium fluent maxille, also provided

or lower lip, with jointed palpi. e. : . :

Maxille with jointed palpi. 4. With palpi, or the labium, of

Mandibles, which the lower fixed part is
_ called the menfum, and the up-

per moveable part the ligula. The suctorial mouth is formed
by the great development of the maxillze, each of which forms
half a tube, the two cohering to form a spiral trunk, the pro-
boscis, which serves to suck or pump up the juices of flowers.
The labium is very small, but the labial palpi are very large.
Some of the Hemiptera, or honey suckers, have their mandibles
and maxillee modified to form four needles, or lancets, with a
long tubular labium, an arrangement similar to this is met with
in the common house fly.

In recapitulation, then, the mouth of insects possesses four
laterally working or transverse jaws in addition to the upper and

AMAsTICATORY MOUTH OF IXSECT.
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lower jaws. The upper and lower jaws, or the labrum and the
labium, often only serve to close the mouth, and are called the
“lips,” the upper pair of transverse jaws are the ‘ maxille,” the
lower the ‘mandibles’—both the mandibles and the labium,
as a rule, support palpi, which are organs of sensation. From
this it will be seen that there are many points of resemblance
between the mouth of Insects and the mouth of Crustaceans.

The immense class of Insects is often broken up into great
divisions or sub-classes, according to their metamorphosis being
complete, incomplete, or absent ; thus those who go through no
metamorphosis are the Ametabola, those with a partial meta-
morphosis are the Hemimetabola, and those with a complete
metamorphosis the Holometabola.

Orders Liramples
1. Anoplura . . Lice.
AMETABOLA . { 2. Mallophaga . . Bird Lice.
8. Thysanura . . Spring Tails..
J’ 4, Hemiptera . . Plant Lice, Cicadas, Boat Flies,
Crickets, Grasshoppers, Cock-
HEMIMETABOLA . Jsenihigpuera { roaches. |
o " { Dragon Flies, Caddis Flies, Ter-
I 6. Neuroptera . ‘1 mite Ants,’&c. -
[ 7. Aphaniptera . Fleas.
d. Dipters ', flmme Flies, Forest Flies, Gnats.
9. Lepidoptera . Dutterflies, Moths,
HOLOMETAROLA . 1 10. Hymenoptera . DBees, Wasps, Ants.

11, Strepsiptera . . Streps.
_12. Coleoptera . . DBeetles, Weevils, &ec.

As already stated, another eclassification depends upon. the
character of mouth, and. is as follows :

Orders FEramples
[ 1. Coleoptera . . Beetles.
2, Dermoptera ., . Earwigs.
3. Orthoptera . . Crickets.
MAxDIBULATA .< 4. Neuroptera . . Dragon-flies,
5. Trichoptera . . Caddis-flies:
6. Hymenoptera . Bees.
L 7. Strepsiptera. . Stylops.
[ 8. Lepidoptera . . DButtertlies.
9. Diptera . . . Flies.
10. Homoloptera . Forest-flies.
HavstELLaTa .4 11. Aphaniptera. . Fleas.
12, Aptera. . . . Lice.
13. Hemiptera . . DBugs.
14. Homoptera , . Plant Lice

The former, depending as it does upon embryological charac-
ters, is the more reliable of the two.

Order 1. Amopleura. Lice. ‘Pediculi.’ Minute aptera,
Mouth suctorial ; two or no simple eyes ; parasitic. They are
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flat, semi-transparent, jointed little creatures, with three short
pairs of thoracic legs, each terminating in a hook. The stigmata
may be plainly seen. Ocelli are present on the head. Most
animals, including man, are the occasional hosts of Pediculi.

Order 2. Mallophaga. Bird Lice. Minute parasitic apte-
rous insects. Mouth masticatory.

Order 3. Thysanura. ‘Spring Tails,” or Podurze. Small
aptera. Mouth masticatory. Jointed organs of locomotion,
situated on abdomen, formed of forked caudal appendages or
bristles.

Order 4. Hemiptera. Plant Lice (Aphides). Field Bugs
(Pentatoma). Boat Fly (Notonecta). Cochineal insects (Cocei),
and the Cicadas. Mouth suctorial ; labium prolonged into
proboscis ; eyes compound ; ocelli ; two pairs of wings, or
wingless. In the Homopterous division of this order, including
Cicades, Aphides, Scale Insects, and Lantern Flies, the anterior
pair of wings are entirely membranous, and the wings are
folded over one another when not in use. Prothorax shorter
than mesothorax ; antennge small, and five-jointed ; ovipositor
with three pointed blades. In the Heteropterous division, in-
cluding the land and water bugs (Geocorisse and Hydrocoriszae),
the anterior wings are membranous at free edge ; chitinous at
base ; antennse moderate, and five-jointed ; prothorax largest
thoracic segment.

Order 5. orthoptera. Crickets (Achetina). Grasshoppers
(Gryllina). Locusts (Locustrina), and Cockroaches (Blattrina).
Mouth masticatory ; wings four, or wanting ; anterior pair
small and coriaceous ; filled with reticulate nervures ; posterior
wings of different material—hinder part is transparent, and
folds like a fan ; legs variously modified ; powerful jumping
organs 1n grasshoppers ; raptorial in mantis ; cursorial i locusts.
The latter are very destructive insects, particularly migratory
locusts. A few hours may bring vast hordes of this terrible
scourge upon a district ; a few more and they are gone. They
‘ come like shadows, so depart.’

Order 6. Weuroptera. Dragon Flies (Libellulide). Caddis
Flies (Plioganeidse). May Flies (Ephemeride). Ant-Lion
(Mygonelis), and the Termite Ants. Mouth masticatory : wings
four, nearly equal ; exaphonous; nervures freely inosculate.
Larva an active hexapod with prolegs.

The Termites, or White Ants, inhabit tropical countries,
especially the neighbourhood of the Amazon. They form com-
munities, and build large structures, called ‘Termitaria,” which
are from four to five feet in height, and as much in breadth.
Each Termitarium contains a great many chamber:, and commu-
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nicates with the exterior by long covered ways. The whole
structure is plastered together by the saliva of the builder
insects. The Termites carry the
principle of the division of labour
to an extreme degree; certain
members being devoted to the de-
fence of their habitation, called
‘soldiers,’ others, called ‘ workers,’
being absorbed in the building and
repairing of the citadel in which
they dwell, and a single male and
female being solely occupied in
propagating their species. Both
the workers and the soldiers are
‘neuters,” that is, neither perfect
males nor perfect females, and only
differ from one another in the
armation of their head ; thus the
mandibles of the soldiers are con- :
verted into formidable hooked wea- DIGESTIVE SYSTEM OF INSECTA.
pons, while in the workers they are carabus auratus. —1. (Esophagnus.
rudiment&r}? organs. The klng 2. Crop. 3. Gizzard. 4. True di-

- gestive stomach., 5. Coiled tlghue'-.
and queen are always kept strictly  probably homologous to the liver.

guarded in the interior of the Ter- gmgﬁfﬂﬂfﬁgi ;{uﬂﬂ?ﬁ%mﬁ'_ e
mitarium, and are fed on a special ' t

and peculiar food. Both are wingless, though in their early
condition they possess wings, and in their turn give rise to
many winged progeny, who become kings and queens of other
colonies in due time. DBesides these offspring, however, a great
number of neuters are born to the queen, who are as quickly
removed to small cells of the Termitarium by the workers.
These grow up into workers and soldiers, but are distinet from
each other from the first, though produced from similar ova,
and fed on similar food.

Sub-class. HOLOMETABOLA.

Order 7. Aphaniptera. Fleas (Parasitic annulosa). Mouth
suctorial ; wings rudimentary, upon mesothorax and meta-
thorax. The larva spins a cocoon, and becomes quiescent in a
fortnight. Imago emerges soon afterwards.

Order 8. Diptera. House-flies (Muscw). Gnats (Culicidee).
Forest flies (Hippoboscee). Grain flies (Tipulidee), and Gadflies
(Gabrinidee). Mouth peculiar, placed on under surface of head ;
the mouth is formed of tubular labium. Anterior wings alike
developed ; posterior replaced by ¢ halteres ’ or ¢ poisers.” Wings
sometimes altogether absent ; ocelli and compound eyes ; nervures

Fig. 25.
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not present in large numbers ; wings transparent ; antenns small
and three-jointed. Larva (common on meat, &ec.), white,
fat, little, footless worms, with an indistinct head. Larva some-
times in cocoon, sometimes chrysalis case. KEggs sometimes
even hatched within mother, e.g. Pupipara.

Order 9. X.epidoptera. DButterflies and Moths. Mouth a
coiled tube, like a whip, perhaps measuring an inch in length,
formed of maxillee, surrounded by muscular walls, for drawing
juices from flowers ; palpi hairy and large ; labium and man-
dibles rudimentary. Wings, four in number, covered with
scales ; nervures longitudinal ; antennse many-jointed. Larva is
formed in caterpillars of thirteen segments. Mouth masticatory.
The labium is pierced by spinneref. Behind the thoracic legs
there are several soft-hooked abdominal legs or ¢ prolegs,” which
are never attached to fourth, fifth, tenth, and eleventh abdo-
minal segments.

The Diurnal Lepidoptera, or Butterflies, differ from the
Crepuscular Lepidoptera, or Moths, in their wings being held
erect when in repose, in the antennse being knobbed, prolegs
being always ten in number, and in the pupa being naked,
angular, and fixed by anterior extremity; whereas in the Moth
the wings are horizontal in repose, the antennse are fusiform,
the hinder wings are hooked by a spine (reticulum) into the
under surface of the anterior wings, and the pupa is never
angular. In the true nocturnal Lepidoptera again the pupse
are generally encased in a cocoon,

Order 10. Hymenoptera. Bees, Wasps, Ichneumons, Saw
Flies, Ants. Mouth masticatory ; maxillee and labium often
suctorial ; eyes compound, with three additional ocelli; an-
tenne filiform ; the hinder part of abdomen has three additional
segments, two forming a case for the third, called the ovipositor,
which is sometimes a boring organ or terebra, or sometimes a
sting or aculeus. Many Hymenopterse are social, for example,
Bees.

The colony of Bees is formed of the perfect female, called the
‘queen bee,” many perfect males, the drones, and a swarm of
sexless bees, the neuters or workers. The queen-bee is im-
pregnated by a single congress with a drone, impregnation tak-
ing place in a bag called the spermotheca. She then begins to lay
eges, some only of which are fertilised ; these fertilised ova
become perfect females, the queens of future colonies; the rest of
the ova are hatched parthenogenically, and produce the neuters
and the drones. The ova are all placed in cells of different sizes,
and the female ova are fed with a special food.

The *vespiary’ of the Wasps, like the hive of Honey Bees,
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centains males, females, and neuters, but the perfect males work
equally with the neuters.

Ants (Formicidee) are also found colonies, and consist of males,
females, and neuters. The metamorphosis of ants is very cu-
rious. Males and females are both winged ; after impregnating
the females the males die, and the females lose their wings, but
in their fallen state alone become queens—they °stoop to con-
quer.” In many ant colonies the neuters consist of two classes,
“ the workers,” who do all the building and storing of the little
town, and ¢the soldiers,” who defend the works. Two of their
customs are so singular as to demand mention, viz., their slave-
trade, and their treatment of the Plant Lice or Aphides.

In many ant colonies the °soldiers’ sally off in quest of
slaves, whom they capture in the pupa stage from neighbouring
colonies. These slaves are then brought off, and become most
devoted servants, frequently doing the entire work of the colony ;
even feeding their masters, who are too helpless to feed them-
selves. Such is the case with the Formica rufescens of France.
In other colonies, as e.g. the Formica sanguinea, common in
the south of England, the males and slaves work together, but
when the colony sends off a slaving expedition the masters go
alone. Migrating they carry the slaves in their mouths. The
slaves are smaller than their captors, and of a different genus,
e.q. the Formica fuscaris is the slave of Formica sanguinea.
Their intercourse too with the Aphides is very curious. The
Aphides, or Plant Lice, are furnished with an abdominal gland,
which secretes a viscid, milk-like fluid, which escapes from a
duct on the under surface of the body. Of this secretion Ants
are very fond, and are in the habit of seeking these Plant Lice,
or even keeping them in their colonies for the purpose of milking
them ; this they do by caressing the abdomen of the Aphides
with their antennse, which causes a drop of milk to exude, which
the Ant greedily swallows.

Order 11. Strepsiptera. Minute, chiefly parasitic, insects,
the males being differently formed to the females. The female
18 a wingless grub, with a horny head, and is parasitic. The
males are winged, and active. Anterior wings rudimentary ;
posterior wings folded, like a fan, and membranous. Their
peculiar parasitic habits have been before briefly referred to.

Order 12. coleoptera. DBeetles. The mouth is a formidable
masticatory organ. Anterior wings dense and chitinous ; elytra
form cases for posterior wings, which are sole agents in flight.
Both elytra and other parts of body often covered with a bright
metallic lustre. Eyes compound, and ocelli at base of antennee.
Antenne various ; generally eleven-jointed. The tarsus is gene-
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rally formed of five joints, never more, the last being double-
hooked. Pupa often in cocoon, and parts of wings can always be
made out in pupa stage. Larva grub-like, with a horny head.
The metamorphosis of Coleoptera is figured in the annexed
diagram.

METAMORPHOSIS OF WATER- BEETLE (Dyliscus marginalis).
a. Larva. b. Pupa. ¢. Imago.

Terms used in describing the Tarsus of Insecta.

A. Pentamera, five-jointed tarsus.

B. Heteromera, five-jointed tarsus; anterior four-jointed,
posterior do.

¢. Tetramera, four-jointed tarsus.

D. Trimera, three-jointed tarsus.
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CHAPTER XIV.

SuB-K1xGpodM: ANNULO3A—CLASS : ARACHNIDA—PHYSIOLOGY OF
AXNNULOSA,

Class VI. ARACHNIDA. Spiders, Scorpions, Mites, &c. Annu-
losa, with a ventral nervous, and a dorsal hsemal system, and a
body consisting of somites. The head and thorax are welded into
a cephalo-thorax, the abdomen remaining separate and free ; the
skin is sometimes entirely soft, at others chitinous upon the
cephalo-thorax alone, and again at others hard and chitinous
over the entire body. Limbs, when present, never exceed four
pairs ; two pairs (the anterior) alone developed. KEyes always
sessile and simple. Breathing aerial, and consequently never by

ARACHNIDA.—IDIAGRAM OF SCORPION TO SHOW ITS MORFHOLOGY.

. Cephalic Ganglion. b. Line indicating position of ganglionic chain.
c. Intestine. d. Anus, beyond which is the tail carrying the sting.
¢. Position of heart. 7. Pulmonary sacs.

branchiz, but by branched tubes, ¢trachese,” or respiratory
sacs, or both, formed by involution of integument. The traches
are kept patent by being lined with a spiral thread of chitine ;
they open upon the surface by stigmata. No tergal elements
are found in somites, but the carapace is formed by coalescence
of epimera. Venter protected by shield, formed by sternal
elements, to which legs are attached. Mouth suctorial, with
lower lip (labium), sometimes upper lip (labrum), two man-
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dibles for prehension, and two maxillee with palpi. No wings.
Many Arachnidse possess poison glands, which are situated at the
base of hollow mandibles ; the mandibles terminate in hooks.
In others, e.g. in Scorpions, the mandibles end in chels.
Alimentary canal simple, almost straight. Spiders live on the
juices of animals. Heart dorsal in the higher order of Spiders;
no vessels in lower order. Nervous system has cephalic,
thoracic, and abdominal ganglia, well developed. Sexes distinct,
except in Tardigradee.

Divisions : A. Trachearia, breathing by trachee ; never more
than four ocelli.

B. Pulmonaria, breathing by air-sacs, with or with-
out trachese ; 81X or more ocelli.

1

A. Trachearia contains three orders—Podosomita, Acarina, or
Monomosomata, and Adelthrosomata, or Harvest Spiders.

Order 1. Podosomita. Sea Spiders. Marine, but doubt-
fully Arachnidan ; perhaps Crustacean ; no respiratory organs ;
alimentary canal has curious processes joining on to limbs.
Crustacean rather than Arachnidan in respiration ; Arachnidan
rather than Crustacean, in the fact that the limbs consist of four.
Maxillee and palpi large ; female has sac for ova. Sexes dis-
tinct ; abdomen rudimentary. Sea Spiders, with long legs, often
lurk under stones at low tide.

Order 2. Acarina. Mites and Ticks. Parasitic Arachnida,
in which cephalo-thorax and abdomen are both welded into one.

Linguatulnia, or Pentastomida. Parasites found in frontal
sinuses and lungs of Vertebrates, Very like Teeniz in possessing
no external organs when adult; when young, however, they
have four limbs. Tardigrada, sloth animalcules ; found in moss
and gutters. Moncecious ; abdomen undeveloped. No heart, or
blood vessels, or respiratory organs. Four rudimentary limbs ;
a suctorial mouth, with rudimentary jaws.

Acarida, Parasiticand free Arachnida comprising Water Mites,
Ticks, and Mites ; in this order too the Acarus or Sarcoptes Sca-
biei, or itch insect’is found. Cephalo-thorax and abdomen one.
Mouth snctorial. Four pairs of legs for walking. In the ‘itch’
insect the two anterior legs have suckers, and the posterior
have bristles. The ticks have a proboscis, which pierces the
skin, by which means they fix themselves to sheep, dogs, oxen,
&c.  Demodex folliculi, a little parasite, found in sebaceous
follicles of man, belongs also to this group.

Order 3. Adelthrosomata. Book Scorpions and Harvest
Spiders. Respiration by traches. There are two or four stigmata
on lower part of body. Abdomen present and segmented.
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Phalangide. Harvest Spiders. Long hooked palpi and tre-
mendously long and unleglike legs.

Cheliferide. Book Scorpions. The palpi large and chelate ;
found between the leaves of books.

Solpugide (includes Galeodes). Abdomen separate from tho-
rax. Mandibles chelate., Feet furnished with palpi.

Division B. Pulmonaria. Scorpions and large spiders.
Respiration by pulmonary sacs alone, or by sacs and tracheze.
The eyes six in number. Abdomen distinet.

Order 1. Pedipalpi. Tracheal breathing Arachnide with
a well-segmented, but not clearly distinet, abdomen.

Scorpionide (fig. 27), a formidable family, common in hot
countries, The last segment of abdomen ends in a remarkable
hook-like claw, perforated at the base, and connected with a
poison gland; this is carried like a shield, curled over the back.
Abdomen twelve somites ; four pairs of walking feet on thorax.
Nix, eight, or twelve eyes. Palpi large and chelate ; mandibles
also chelate, Pulmonary sacs, four
on each side, open by stigmata on
ventral aspect,

Thelyphonide. Like Spiders, but
no spinnerets ; cephalo-thorax clearly
separated from abdomen. Palpi
moveable ; claws not chelate. No

sting on the tail.
Order 2. Araneida. Spiders.

Soft, globular, unsegmented abdomen
connected with cephalo-thorax by a
peduncle. Respiration by sacs (two
or four), and trachem. Eyes, six or
eight, simple. Mandibles hooked and
hollow, perforated by a poison duct,
leading to a gland situated at their
base. Palpinever chelate. The webs .
of spiders are spun by the aid of two Nervous Svsteym oF SpiDER,
secreting glands and spinnerets, just to show its extreme condensation
like the cocoons of silk worms, a e

process which has alrea.d}r been de- * Central mass. & b. Encepha-

3 ; : ] lic ganglia, ec. Merves
scribed. Reproduction in Arachnida ; going to the abdomen. d d.
; TIFE Thoracie ganglia and effe-

no metamorphosis ; sexes distinct ; rent nerves.

male, prior to sexual congress, ap-

plies his palpi to the efferent ducts of testes situnated on the
abdomen, and draws thence a supply of spermatozoa ; he then
uses his palpi as an intromittent organ, and the spermatozoa
there contained then pass to the vulva of the female.
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PHYS10L0GICAL PROCESSES OF ANNULOSA.

The physiological functions of Annulosa have been incidentally
referred to in the preceding paragraphs, but it is desirable to
supplement their scattered notices by a bnef summary of the
more important processes.

Digestion.—In perfect Insects the alimentary canal possesses
a crop, a gullet, a stomach, large and small intestines, and a
cloaca, common to it and the reproductive organs. In the larvee
of insects the alimentary canal is a simple tube, held down by
a mesentery. In Myriapoda the alimentary canal is short,
straight, narrow, and provided with saccular dilatations, which
serve for stomachs. In Arachnida the digestive tube is still
shorter ; there are often four pouches appended to the stomach,
and the intestine dilates before terminating.

The Crustacea have a short gullet, provided with calcareous
particles which serve for teeth, and a powerful muscular appa-
ratus which serves for a gizzard : the intestine is shert, straight,
and simple.

The Annelida have a straight tube provided with caecal diver-
ticula.

Circulation.—In the larger Annulosa, as e.g. in the higher
Crustacea, a true heart is found, consisting of a single strong
muscular ventricle, which pumps the blood all over the body,
and is therefore systemic. The blood is not contained in proper
vessels, but is propelled imto lacuns or spaces, whence it is
collected into large veins, which send it to the gills for purifica-
tion ; from the branchiw the purified blood is collected by
branchio-cardiac veins and poured into a venous sinus above
the single ventricle, into which it passes, and so completes the
circulation, In Insects we find a numerously-segmented dorsal
vessel, which contracts rhythmically and propels the blood
through lacune to every part of the body, whence it is returned
into a large venous sinus placed above the dorsal vessel. In
Arachnida and Myriapoda the same plan obtains, but the num-
ber of contractile segments varies widely., In Annelida there
is no true contractile vessel of any kind, but certain tubes exist,
called pseudo-heemal wvessels, which contain a corpusculated
fluid, which circulates throughout the body, and communicates
11. ith the exterior. These tubes have close analogies to the

¢ water-vascular’ system of Annuloida. They are always lined
with cilia.

Respiration.—Many Annulosa respire atmospheric air; in
others the respiration is aquatic.

Aerial respiration. — In the air-breathing Annelida small
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sacculi are found in each segment beneath the envelope commu-
nicating with the exterior. In Myriapoda two small hard-walled
sacs are found in each segment, which communicate with the
exterior by means of fine tubes called spiracles. In Arachnida
a similar arrangement is met with ; in some the air-sacs are
tubular. In Insects the respiration is very perfect, and is what
18 called tracheal. Each segment possesses spiracles which con-
duct, after passing for a short distance, into two longitudinal
tubes, which run the whole length of the body, and from which
secondary tubes are given off, which ramify through every part
of the body, piercing even the nervous ganglia and viscera.
These tubes have firm walls, and are always patent : their
patency being secured by the very character of their structure.
Each tracheal tube has membranous homogeneous walls, but
within these walls is found a spiral thread, which is wound so
closely, as itself to form a wall—these spiral threads are present
in trachese of extreme minuteness. In the wings, we find the
trachese placed between two sets of small vessels, one answering
to arteries and the other to veins.

Aqguatic respiration. — The Crustacea and the Tardigrade
Arachnida are the only Annulosa which respire by means of
gills or branchim. These branchiz are enclosed in proper
branchial cavities, and present the form of flattened laminze,
They are rather numerous in some Crustacea ; e.g. the lobster
has twenty-two branchiz on each side. The water is kept in
active motion by means of special flappers, which are made out
of some of the abdominal segments.

Some of the Crustacea, such as the wood-lice and land crabs,
though provided with gills, are drowned if kept in water. In
these animals, the gills are merely kept wet by the moisture
contained in the atmosphere.

The respiration in Annelida is also aquatic. The branchize
are either branched or tufted, and are situated sometimes on
every segment of the back, as in Nereis, or round the head
only, as is the case with Serpula, or more or less concealed, as in
A phrodite.

Nervous System.—The comparatively large supra- and sub-
cesophageal ganglia give off nerves to the eyes, to the auditory
apparatus, to the antennze, where the sense of touch is located,
to the antennulse, where the sense of smell is supposed to
reside, and sensory nerves to the entire body. These ganglia are
the seats of sensation, of sensori-motor actions, and of volition.
They superintend and regulate, as the brain of higher animals
does, all the various movements of the body. The wonderful
“ consensual’ actions of bees and spiders are dependent upon

G
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these ganglia for their due performance. Small cords pass from
these ganglia to the alimentary canal and viscera, which by some
(Marshall) are held to be representative of the sympathetie
system, while others assert (Huxley) that the homologue of the
vertebrate sympathetic system is to be found in the prinecipal
ventral gangliated cord of Annulosa. The function of this
gangliated cord is automatic, and presides over the pure reflex
actions of the animal. )

Senses.—In the two preceding kingdoms, the organs of sense
have been but poorly developed, and confined to those of sight
and hearing—in Annulosa the senses are much more perfect.
The sense of touch resides in the antennee of some (ants), the
palpi and feet of others (spiders).

The sense of taste resides in the pharynx.

The sense of smell resides in the antennze in some, in the palpi
in others.

The sense of hearing usually resides at the base of the first
antenns ; in many insects a sac is found there filled with fluid,
and containing otoconia.

The sense of sight is very perfect, and two kinds of eyes are
found : the simple and the compound. The Orthoptera, He-
miptera, Neuroptera, and Hymenoptera have both simple and
compound eyes. Some are destitute of eyes, as the neuter
Termites. The simple eyes which are met with amongst Insecta
have considerable analogies to the human eye. The whole is
contained in a choroidal tunie, which bends down in front to
form an iris and a pupillary opening ; within this we find an
expanded retina, a vitreous humour, and a small globular lens ;
there is no anterior chamber, the lens projecting directly against
the smooth convex cornea.

The compound eyes have been already described.

The eyes of Myriapoda are not unfrequently conglomerate,
1.e. simple eyes massed together—compound eyes are rarely met
with ; many are blind, The Arachnida have only simple eyes.
The Crustacea have both simple and compound eyes. The
Annelida possess ocelli only.
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CHAPTER XV.

SuB-KiNagDpoM: MoLLvscoiba—CrLAssES : AscIDIOIDA, BRACHIOPODA,
PorLyzoa—PuysioLocy oF MOLLUSCOIDA.

MOLLUSCOIDA (mollis, soft ; eldoc, like ; resembling Mollusca).
Definition. Aquatic animals,—met with all over the world.
The nervous system consists of a principal ganglion near the

mouth, which is sometimes surrounded by a nervous collar.

There is often only one opening, which answers both for inlet

and outlet. When there are two apertures, the outlet is situated

close to the gullet or inlet. The gullet always conducts into

a very large and widely expanded pharynx : the outlet, when

present, conducts likewise into a large space, called the afrial

chamber. The trunk is (with the exception of one group, the

Appendicularia) surrounded by ciliated tentacles.

They contain the following classes :

1. Ascidioida.

2. Brachiopoda.

3. Polyzoa.

Class I. ASCIDIOIDA (doxic, a bag). Synonym, Tunicata.

The Ascidioida are very singular-looking marine animals, some-
what resembling a double-necked little leather bottle at first sight.
They are frequently grouped together in colonies, forming com-
pound Ascidians. The gullet; surrounded by long ciliated ten-
tacles, leads into an extremely wide and long pharynx, which
occupies the greater part of the animal’s body ; this terminates
at the lower and attached part of the body in an intestinal tube,
which is flexed towards the heart, forming a haemal flexure, as
it is termed : after dilating into a stomach, it is continued up
the body and opens near the oral aperture into a wide cavity,
the atrial chamber, which terminates in a prolonged excretory
tube. In all Ascidians, except Appendicularia, in whom no
nervous system has been detected, the chief ganglion is placed
between the oral and the anal apertures, The alimentary canal
cannot be protruded through the oral opening.

All Ascidians possess a heart, which is unique in its structure,
It is a muscular tube open at both ends. It contracts rhythmi-

cally, and first propels the blood from behind forwards ; it then
G 2
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pauses, and afterwards, contracting in the opposite direction,
propels the blood from before backwards.

The covering of Ascidians is of a leathery consistence, and is
secreted by a sort of mantle. They are always stationary.
The integument of the Ascidians is composed of cellulose.

Fig. 29,

AsCIDIOIDA. MORPHOLOGY OF ASCIDIAXS.

A, Cynthia Papillosa, one of the Tunicata. B. Diagrammatic section of
& Tunicary. e. Oral aperture. b Pharyngeal or branchial sac with rows
of ciliated slits. e, Alimentary canal making a heemal flexare, . Anns.
a. Atrial Aperture, £ Nervons ganglion. ¢. Position of reproductive
organs,

In reproduction Ascidians are moncecious except Doliolum and
Appendicularia. Young Tunicata swim, like tadpoles, by a

Fig. 80,

BOTRYLLUS, another group of Ascidians,

A. A cluster. EB. Portion enlarged ; the same compounding has taken place
as in fig. 1.

tail, which is of singular interest, inasmuch as some evolutionists
see in this simple cellular structure the prototype of the chorda
dorsalis, which is the principal characteristic of the vertebrate
sub-kingdom, and thus the simple Ascidian is c(redited with a

sradecte s

&
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lineage of the most lofty kind. The caudal appendage of
Ascidians, however, is not constant, e.g. the Molgula tubulosa
does not possess any ; but when present it always contains the
peculiar rod-like body which has given rise to so much curious
speculation. The Salpide undergo an alternation of genera-
tions : these curious compound Ascidians swim about the tropical
seas in long transparent loosely adherent chains: from these,
solitary Salpae are born, which never become compound, but in
turn give rise to a progeny which always assumes the aggregated
form. This was the first instance of the alternation of genera-
tions ever noted—and when its discoverer, W. Chamisso, gave
it to the world, the curious fact was long disbelieved : he de-
scribed the phenomenon in these words, ‘A Salpa daughter is

Fig. 51.

FPhallusia mentula, one of the Tunicata. a. Oral aperture. b. Nervouns
ganglion. ¢. Atrial aperture. d. Stomach. e. (Esophageal opening.
J. Heart. g. Anus. h. Endostyle. i. Circlet of hooklets. &. Pharyn-
geal gac. I. Projections into sac.

not like its daughter or its own mother, but resembles its sister,
its granddaughter and its grandmother,’

Ascidioida contain the following orders :—

Order 1. Ascidia Branchialia. — Branchial sac occupies
nearly the whole of the body ; intestine lying on one side.
Type forms, Ascidiade, Botryilide, &e.

Order 2. Ascidia Abdominalia. Branchial sac small ; in-
testine quite behind it. Type form, Carcllusia soliolum.

Order 3. Ascidia Larvamla. Permanent larval form, Appen-
dicularia.
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Class II,—BRACHIOPODA are small bivalved marine Mol-
luscoida : they inhabit the profound depths of ocean, and are
strongly encased, to resist the great pressure of water. Like
the Ascidioida they are stationary ; but they never form into
colonies. The shell is secreted from a true mantle or pallinm.
There are two long ciliated arms on either side of the body.
The gullet is placed in the centre of the body between the pallial
lobes, and conduects into an intestine which, as a rule, ends in a
cul-de-sac. The intestine has a newral flexure, t.e. it is flexed
towards the nervous ganglion. The Brachiopoda possess a
singular bilocular organ, called a psendo-heart, which communi-
cates with an atrial cavity near the mouth. The true heart is
placed near the pseudo-heart, and is systemic in character.
Most of the Brachiopoda are fossil. The Terebratula and Lin-
cula are the most common living species.

Fig. 32.

BRACHIOPODA.

Teretratule vitren. «o. The shell with its loop. & To show the
ciliated arms.

The ventral valve of the shell is the larger of the two, and is
generally perforated by a foramen for the passage of the mus-
cular peduncle which fixes it ; the dorsal valve is never perfo-
rated. As a rule each valve is punctured by a number of little
holes which run at right angles to the shell, and form a canal
system for the passage of fluid. The Rhynchonellida do not pos-
sess this system. A peculiar set of branched inosculating tubes
is formed between the lobes of the mantle called the ¢ Atrial
system,” which has four pseudo-hearts connected with it; they
connect the tubes with the perivisceral cavity on the one hand,
and with the pallial cavity on the other. KEach pseudo-heart is
divided into two, a ventricle and an auricle by a membranous
septum. The ventricle communicates by a small opening with
the pallial cavity, and the auricle by a large opening with the
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body cavity; the auricle and ventricle are also themselves
united, The function of this atrial system is disputed : being
looked upon variously as a respiratory, an excretory, and a re-
productive apparatus. It cannot be regarded as a circulatory
apparatus, as some Brachiopoda, e.g. Terebratula, possess in addi-
tion to the atrial system a distinet, unilocular, pyriform, dorsal
heart.

Reproduction. Dicecious. Young, free, ciliated ; adult, fixed.
They do not pass through alternate generations.

Brachiopoda are divided into two orders:

Order 1. Articulata : possessing a hinged shell, and a ccecally
ending intestine. Examples, Terebratula and Rhynchonellida.

Order 2. Inarticulata : shell is not hinged, and the intestine
i1s proctous ; nearly all fossil, e.g. Craniade, Discinide, and
Lingulidee.

The Brachiopoda formerly played a much more important
part in the history of living forms than they do at present; they
extend from the Cambrian rocks up to the present time, and
attained their greatest proportions during the deposition of the
Silurian rocks. About 2,000 extinct species have been already
described.

Class' 1T1. POLYZOA (Bryozoa). Form a large body of
compound coralline polyps, but must be carefully distinguished
from the compound Hydrozoa which they resemble in many
features. Some are fresh-water animals, as e.g. Plumatella, but
the majorify are marine in their habits. The Polyzoa are all
very minute, even to being microscopic. The mouth is sur-
rounded by long ciliated tentacles, which, constantly moving,
draw in any passing nutriment. The gullet leads into a pharynx,
and this into a distinet stomach, which ends in an intestine ; the
intestine, making a sharp neural bend, ascends to terminate near
the mouth. The chief ganglion is always placed between the
two apertures. They multiply by gemmation and free ova.
There is no distinct heart. All the Polyzoa are gemmiparously
developed from a single zotid. The separate zobids of a
Polyzoon do not communicate with each other as the zodids of a
compound Hydrozotn do, by the ccenosarc. The alimentary
canal is loosely suspended within the Polyzoon, and can be pro-
truded and retracted at will from the body by a set of distinct
muscles. The zodids of Polyzoa are generally freely charged
with earbonate of lime, but may also be either corneous or fleshy.

The principal distinctions between the individual polypes of
Polyzoa and Hydrozoa are the following : In Hydrozoa there is
no distinct alimentary canal, in Polyzoa there is ; in Hydrozoa
there is no distinct nervous system, in Polyzoa there is a well
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developed nervous system ; in Hydrozoa the reproductive organs
are processes of the external wall, in Polyzoa they are contained
within the body. Although these distinctions between Hy-
drozoa and Polyzoa are true, yet the distinction between them
and the other division of Ceelenterates, the Actinozoa, is by no
means so marked, and the relations of the two classes are indeed
extremely close.

Many Polyzoa possess very curious appendages, connected

Fig. 33.

PoLyzoA,

Buwerbankia densa. 1., The animal with itz tentacula expanded. a.
Pharynx. &, (Hsophagus. ¢ Gizzard. d. Truoe digestive stomach. e.
Pylorns, 7. Intestine. g. Anal aperture. 2. The same animal re-
tracted intoits cell. & a. Muscolar fasciculi. 3. An imperfect gemma
before the opening of the cell. a. Stomach. 4. A gemma budding from
the common stem.

with the ectocyst, and termed, from their close resemblance
to the beak of a bird, avicularia —they are of microscopic
proportions, but each consists of a movable mandible, and
a cup with a horny beak which joins the mandible. In function
they are probably protective, acting as defensive weapons ; it is
believed that tney are in fact peculiarly modified zodids.
Besides these avicularia many Polyzoa possess other appendages,
called vibracula ; these are long bristles, connected by a movs
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able joint to the Polyzoin, and serving like the avicularia for
purposes of defence, and also, by sweeping the body of the
Polyzoién free of noxious particles, for purposes of cleanliness.
The ciliated tentacles which surround the mouth of a Poly-
zobm are mnon-retractile and form either a crescent or a circle;
in some, e.g. fresh-water Polyzoa, they are connected to the sac
by a sort of funnel, called the calyxz. The tentacles are sup-
ported on a disc, the lophophore, whose shape determines the
classification of the Polyzoa, e.g. it is horse-shoe shaped in the
Hippocrepian Polyzoa, circular in nearly all marine, and in
Paludicella and Norvatella among fresh-water Polyzoa, and
bilateral in Pedicellarizz= and the majority of the fresh-water
species.

Reproduction. Moncecious. Ova and Spermatozoa escape
loosely into the body sac, but how they escape externally is not
determined. In addition to the formation of external buds,
little gemmse called statoblasts are formed on the funiculus,
which is a little duct running from the testis to the stomach :
the statoblasts being set free on the death of the parent develope
into mature Polyzoa. When detached from the parent colony
each larval Polyzotn becomes a free swimming ciliated embryo.

Polyzoa contain two orders, Phylactoleemata and Gymnolae-
mata, which are broken up into the following families :—

Order 1. Phylactoleemata. Marine and fresh-water Poly-
zoa, possessing a bilateral lophophore and a mouth provided
with a valve-like organ, called an epistome,.

Family 1. Lophopea. Fresh-water Polyzoa. Arms of lopho-
phore free. Subecalcareous support.

2. Pedicillinea. Marine. Arms of lophophore united. Soft
supporting framework. :

3. Rhabdoplewrea. Marine: ccenecium branched and ad-
herent, with a chitinous rod on the adherent side, to which the
polypides are fixed by funiculi. Lophophore horse-shoe shaped.
Examples, Hippocrepian Polyzoa.

;Z}rder 2. Gymnoleemata. No epistome. Lophophore cir-
cular,

Family 4. Paludicellea. Fresh-water. Polypides completely
retractile. Subealcareous. Evagination incomplete,

5. Cheilostomata. Marine. Polypides retractile, evagination
complete. Sphincter closes orifice. Cells, non tubular. Calca-
reous, horny or fleshy.

6. Cyclostomata. Marine. Cells tubular. Nc¢ sphincter.
Calcareous.

7. Ctenostomata. Marine. Setm surround cells. Cells dis-
tinct from common tube. Horny or fleshy.
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The following terms are employed in describing Polyzoa :

Polyzoarium or Ceencecium, the entire colony, or entire dermal
system. In Hydrozoa the equivalent term is Hydrosoma.

Polypides. Separate zooids. In describing Hydrozoa they
are called Polypes.

Cells. Chambers which contain polypides.

PHysioLocicAnl ProcessEs oF THE MOLLUSCOIDA.

Digestive System.—The Molluscoida are about the simplest
animals in which a distinet alimentary canal is found, quite
separate from the perivisceral cavity, In Ascidioida and Polyzoa
the intestine is furnished with both mouth and anus; in Bro-
chiopoda, on the other hand, the intestine i§ generally aproctous.
In some of the Polyzoa the stomach is truly gizzard-like.

Circulatory System.—In the Ascidioida the heart is at one time
systemic, and at another respiratory. It possesses no valves,
and pumps the blood into loose spaces or lacunee. In the com-
pound Ascidioida the vessels of one animal are connected with
those of another through the common foot-stalk or ¢ stolon.” In
the Brachiopoda the heart only contracts in one direction. The
pseudo-heart of Brachiopoda is probably excretory in its func-
tion. The Polyzoa possess no distinet circulatory system.

Respiratory System.—In the Ascidioida the large pharynx is
ciliated, and acts as a respiratory organ. Itis separated from
the exterior of the animal by a perivisceral space : the space
has slit-like openings into it passing from the outside ; through
these apertures the water is admitted, holding oxygen in solu-
tion, and this easily passes by dialysis into the vessels of the
pharynx, and so aérates the blood. In Brachiopoda the pallial
lobes are the respiratory agents. In Polyzoa the perivisceral
cavity is continued into the interior of the tentacles, where
the blood is purified by the ciliary action which here takes
place.

Nervous System,—The chief ganglion, which is the homologue
of the pedal ganglion of Mollusca, sends filaments to the ciliated
pharynx, and to the ciliated tentacles, Sometimes an eye-spot
is developed on a filament which proceeds from it. The Mol-
luscoida being nearly all stationary, the functions of this ganglion
are of a reflex character, and have reference to respiration. It
is also feebly sensory, and sensori-motor,
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CHAPTER XVL

Sus-KIxGDOM : MoLLuscA—GENERAL VIEwW—(CLASS : LAMELLI-
BRANCHIATA.,

MOLLUSCA (mollis, soft). Synonym, Heterogangliata (Owen).

Definition.— This very large sub-kingdom is composed of
animals of very various and irregular shapes, whose envelope is
soft, but generally protected by a shell. The shell is secreted
by the integumental covering which is termed the mantle. The
nervous system is massed into three principal ganglia. One is
situated in the head, another in the abdomen, and a third in the
fleshy locomotive organ called the foof. These ganglia are
termed respectively the cerebral, parieto-splanchnic, and pedal
ganglia. The gullet is surrounded by a nervous collar, and com-
missural cords connect the cerebral and pedal ganglia. The
blood is colourless, or nearly so. The heart is systemic, and
consists of two cavities ; the blood is contained in tubes, Ex-
cept in the highest Mollusca there is no trace of an internal
skeleton. The body is not segmented.

Respiration is sometimes aerial, sometimes aquatie, and conse-
quently while some Mollusca have gills, others possess air sacs,

Fig. 34.

DIAGRAM TO SHOW THE GENERAL MORPHOLOGY OF MOLLUSCA.

a. Digestive System, b. Hemal system. e Foot. d. Pedal ganglion.
e. Cerebral ganglion. f. Parieto-splanchnic ganglion.

analogues of vertebrate lungs. Mollusca all increase sexually.
The shell in which they are enclosed may be single (univalve)
or double (bivalve), or composed of many pieces (multivalve) ;
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whatever its shape it is closely connected with the function of
respiration, and is formed as follows :

The Growth of Shells.—Shells are secreted by the pallial
covering or mantle of the molluse. The shell extends in size
by a secretion poured out from the free edge of the mantle, and
therefore grows as the mantle increases. This part of the mantle
is thick and glandular and mixed with pigment-cells. The shell
material is poured out, mixed with the pigment, in a semifluid
state, which rapidly dries and hardens into shell on exposure to
the air. The shell increases in thickness by a secretion poured
out from the general surface of the mantle, and as there are no
pigment-cells in this situation, the inner surface of the shell is
perfectly white and pearly or nacreous. Some shells become
spiral, because the collar, or free edge of the mantle, pours out
its secretion much more from one part of its circumference than
another, and the fact that sometimes one part and sometimes
another becomes the actively secreting part of the mantle
accounts for all the infinite variety of shapes which are met
with amongst the shells of Mollusca. The principal ingredient
of shell is carbonate of lime, of bone phosphate of lime. Three
principal varieties of shell are described according to their
density and construction.

1. The nacreous shell, or mother-of-pearl, formed by minute
undulations of alternate layers of carbonate of lime and mem-
brane.

2. The fibrous shell, formed by successive layers of prismatic
cells.

3. The porcellaneous shell, formed by many plates, arranged
like cards on their edge.

All shells are covered by a membrane called the periostracum.
Some Mollusca leave their shells untenanted by degrees, which
are then called decollated shells. In the bivalve Mollusca each
valve is a hollow cone, whose apex, termed the wmbo, is turned
towards that side on which the mouth is placed. The side to-
wards the mouth is called anferior, and is the shorter ; the other
is the posterior, and is the longer of the two. The shell of
bivalves is hinged on its dorsal side, the hinge being provided
with interdigitations called feeth, and opens along the ventral
border or base.

The lunule is the crescentic depression in front of the umbo.
The shell is opened by a ligament and by a cartilaginous cushion
or spring. The ligament, placed outside the shell and behind
the umbones, is stretched when the shell is closed. The cartilage
is inside the shell, close to the hinge, and passes from one valve
to another, and is lodged in little pits. It is very elastic, and
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compressed when the shell is closed, so that if the restraining
influence of muscular contraction be removed, the ligament and
india-rubber like cartilage force the shell open. The shell is
also provided with two special adductor muscles—an anterior
near the mouth, and a posterior on the neural side of the intes-
tine. Sometimes only the posterior one is present (Monomyaria) ;
more frequently both are present (Dimyaria).

Mollusca are divided into Lamellibranchiata, or headless
Mollusca (Acephalous Molluscs), and into those which possess a
distinet head (Encephalous Molluses), the latter comprising the
three classes Gasteropoda, Pteropoda, and Cephalopoda; the
three latter also possessing a singular dentary organ, the odonto-

phore, are sometimes termed ‘¢ Odontophora.’
Class I. LAMELLIBRANCHIATA (Conchifera). Bivalve

Fig. 35.

VERTICAL SECTION OF ANODON.

a. Rectnm. &. Ventricle. ¢. Pericardinm. 4. Anricle. e. Ventricle.
J« Inner gill. g. Outer gill. &."Mantle lobes, i. Foot.

shell fish, such as Oysters, Mussels, Cockles, Seallops, &e.
Valves of shell right and left, not anterior and posterior, as in
Brachiopoda.

Respiration by two pairs of laminar gills. Infestine performs
a neural flexure. The liver is large, and often bright-coloured.
Salivary glands not present. A blind sac contains a curious
body called the erystalline stylet, which often opens into the
stomach. Heart, always systemie, is either bilocular or tri-
locular ; blood contained in arteries, capillaries, and veins.
Renal organs, situated dorsally, are always present under the
name of the organs of Bojanus ; one is placed on either side of
the pericardium, and is separated from its fellow by a venous
sinus. The organ of Bojanus consists of a number of convoluted
tubes, lined with a secreting epithelium, and a capillary plexus
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enclosed in a sac. The gill plates are kept erect by hollow
vertical rods—they are often prolonged into tubes called siphons,
which can be retracted or protruded at will by the siphonic
muscles when siphons are present, the edges of the mantle are
united, and the pallial margins of the shell present an indenta-

tion, the pallial sinus, which gives rise to the term ‘Sinupal-
lialia,” for Lamellibranchiata so characterised.

Fig. 36.
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MORPHOLOGY OF LAMELLIBRANCHYATA.

Mactra. a. Tabe leading to siphons. b, Cephalic ganglion. ¢ and m.
Adduoctor musecles, . Parieto-splanchnic ganglion. e, Ovary. f.g.
h. Intestine. 4. Stomach. The letter & on the left hand is placed
npon the *foot.” &. Liver. I and o. Pedal ganglia. #. Nervous cord.
p. Mantle, r. Position of gills, s. Shell.

The mouth is the only part of the head which is present. It
is provided with four large palpi, but no other dental structure.
The mouth leads to a gullet, the gullet to a stomach, to which
succeeds an intestine, which after performing, as before stated,
a neural flexure, pierces the wall of the heart, and terminates in
an anus near the respiratory organs.

An organ formed by interlacing muscles, called the ‘foot,” is
present in most Lamellibranchi, though not so large as in Gas-
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teropoda. It is developed on the ventral aspect, and contains
many lungitudina.l retractor fibres, In some it subserves loco-
motion (e.g. in Mactra) ; in the Mussels it is connected with a
gland which secretes a glutinous material, the byssus, by which,

after spinning it into threads, the foot ﬁxes the animal to mcks
or other foreign bodies. In others the foot is a burrowing
organ, as in Pholades, Razor-shells, and Ship-worms; or it
may be an organ for leaping, as in Cockles, or act as a plough-
share, as in Unio.

In Reproduction the Lamellibranchs are dicecious, rarely
monceeious. The young Lamellibranch is born viviparous,
ciliated, and free. Most of the class lead a humdrum, quiet life,
without any means of considerable locomotion ; others, again,
are free to see the world. Oysters lie on their side, with the
ventral valve placed undermost. Mussels are fixed to rocks by
the byssus. The Myades livein mud. Pholades and the Litho-
domi live in rock and wood respectively, into which they have
bored their way with their foot.

Lamellibranchiata are prlma.rﬂ}? divided into groups, acc-:}rdmg
to their possession or non-possession of siphons,

Division 1. Asphinode. No siphons present. Comprise Fa-
milies of Ostreide, Aviculide, Mytilide, Arcade, Trigoniade,
and Unionide,

Division 2. Siphonide. Siphons present.

Subdivision 1. Integro-Pallialia. Siphons short, and pallial
line not indented.

Families. Chamide, Hippuritide, Tridacmide, Cordiade,
Lucinidee, Cycladide, Cyprinidee.

Eauh{hﬂamn 2. Sinu-Pallialia. Siphonslong, and pallial line
indented.

Families. Veneridee, Mactride, Tallinide, Solenide, Myacidee,
Anatinide, Gastrochenide, and Pholadidee.
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CHAPTER XVII.

Sup-K15GDOM : MoLLUscA—CLASSES : GASTEROPODA, PTEROPODA.

Class II. GASTEROPODA. This, the first class of encephalous
Mollusca, possesses, like all the rest, a peculiar dentary organ,
the odontophore. The odontophore is a strap-like organ, studded
with three closely set rows of ‘lingual’ teeth, formed of silica ;
the entire strap plays over a cartilaginous cushion or pulley,
which is connected with the lower jaw ; the backward and for-
ward movements of the odontophore are effected by distinet
muscles. The teeth are constantly renewed by fresh growths
from the membrane beneath. The gullet leads to a capacions
stomach, which is often supplied with calcareous plates, for the
purpose of triturating the food. The intestine, which takes a
heemal flexure in Branchio-gasteropoda, and a neuwral flexure in
Pulmo-gasteropoda, always terminates in an anus. The liver
is large, and salivary glands are always present. Most Gastero-
poda move by means of a powerful ‘foot:’ in some, however,
this structure is modified into a fin. The foot sometimes con-
sists of three distinet portions—a propodium, anterior portion
for swimming ; a mesapodiwm, middle portion with a sucker
attached ; and a metapodium : occasionally the metapodium,
which is furthest from the body, secretes a calcareous lid or
operculum, which closes the orifice of the shell.

The shell of Gasteropoda is generally univalve, rarely multi-
valve ; when the latter condition is met with, the shell 13 formed
of eight transverse imbricated plates, implanted in the edge of
the mantle, the spaces between the plates being often beset with
bristles.

The univalve shell is generally a coiled tube, wound round a
central axis or columella ; the nucleus, or earliest part of the
shell being at the apex, and the portion last formed being the
open mouth at the lower part or base. The direction of the
coil may be concentric, but more frequently it is a true spiral.

The heart of Gasteropoda is biccelian, and a capillary system
intervenes between the arteries and veins ; but the liver does
not possess a distinet portal system as it always does in Verte-
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brates. Gasteropoda are divided into two large sub-classes—
Branchio-gasteropoda, Mollusca, in whom the respiration is
aquatie, and Pulimo-gasteropoda, Mollusca with organs fashioned
for aerial respiration.

Subclass 1. BraxcHIO-GAsTEROPODA. The purification of the
blood in these aquatic animals is effected in one of three ways—
1. By a process of osmosis, permitting of the simple contact of
the blood with the oxygen mechanically mixed with the water,
the exchange taking place through the medium of the mantle
walls, e.g. the Heteropoda ; 2, by tufted naked branchie pro-
jecting externally, the Nudibranchiata ; and 3, by branchis
enclosed in gill-covers formed by the mouth, the Siphonostomata ;
the water, in the latter group, is admitted through a tubular
prolongation of the mouth, or a siphon at one end, and discharged
through a similar tube at the other. 1In all the Branchio-
gasteropoda the intestine takes a heemal flexure. The following
Orders are comprised in this Sub-class.

Fig. 37.

MoRPHOLOGY OF (GASTEROPODA,

Heliz communis. a. Tooth. ». Mouth. ¢, Gullet. d. Crop. e. Odonto-
phore. f. Btomach. g. Coiled termination of visceral mass. k. Lung.
I. Renal sac. . Heart. n. Foot.

Order 1. Prosobranchiata. Whelks, Limpets, Periwinkles,
Cowries, Tooth-shells, Ear-shells, &c. &e. Dicecious Molluscs,
with branchize of a plume-like, or pectinated character, situated
in a fold of the mantle, which arches over the head. In this
vault are also placed the apertures of the mouth and anus.
The entire animal can be drawn into the shell by retractor
muscles.

Pectinibranchiata. Whelk., The branchis: are pectinated.
Marine carnivorous Gasteropoda, with the mouth produced into

a tube or siphon.
H
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Scutibranchiata. Haliotis, &e. The branchie are plume-
like, and the shell is notched for the passage of the anal siphon.

Cyclobranchiata. Limpets, Chiton, &ec. Phytophagous Mol-
luscs. The branchiz are arranged in a circle between foot and
mantle. Shell either univalve, or, as in Chiton, multivalve.

Tubulibranchiata. Periwinkles. Phytophagous Molluscs.
Branchiee are fleshy. The: shell is tubular,

Order 2. Opisthobranchiata. Sea Slugs. Monmeious, Gills
arborescent, and more or less exposed ; situated towards the
hinder part of the body. The shell is often wanting.

Tectibranchiata. Marine Gasteropoda, with branchiz more
or less protected by shell or mantle. Includes bubble shells,
and sea hares.

Inferobranchiata. Marine Gasteropoda, with branchize below
the fold of mantle. Example, Pleurobranchus.

Nudibranchiata. Marine Gasteropoda, with branchiz entirely
exposed on the back of body. No shell. Include Sea Lemons,
and Sea Slugs, often found clinging to stones, or creeping by
foot along seaweed.

Fig. 38.

Pteroeera, one of the Siphonostomata, seen within its shell, ag if the shell
were transparent. o. Branchim, &, Digestive tube. ¢ ¢. Tentacula
carrying eyes, and having the month belween them. o and e. Marging
of shell. . Hinder part of the body.

Order 3. Heteropoda, or Nucleobranchiata. Marine Gas-
teropoda, breathing by the general integumental surface, and
swimming by means of an elongated vertical ventral fin-like
tail, provided with a terminal sucker, by which they can anchor
themselves to seaweeds or other foreign bodies. Some are fur-
nished with shells, others again are shell-less ; this fact is made
the basis of their divisions into Firolide, in whom the shell is
small or entirely absent ; and Atlantidee, who possess a well-
developed operculated shell, into which the animal can com-
pletely retire at will. The Heteropoda are dicecious. An
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auditory sac is present, connected with the cephalic ganglion ;
the intestine is bent dorsally, and the foot consists of the three
portions, pro-. meso-, and meta-podium.

Subclass 2. PurmocasTEROPODA. Land Snails and Pond
Snails. Air-breathing moncecious Gasteropoda, with a neurally
bent intestine. Some have shells, others are unprotected. They
are divided into Operculata and Inoperculata.

Order 1. Operculata. Air-breathing Gasteropoda, with a
shell whose aperture can be closed by a lid or operculum, which
18 connected with the foot. In some of the Operculata, e.g.
Cyelostoma and Pupina, the shell and operculum are both spiral,
while in others, e.g. Acicula, the shell is elongated, and the
operculum subspiral.

Order 2. Inoperculata. Air-breathing Gasteropoda, without
an operculum to close the shell. In some of the Inoperculata,
e.q. the Helicide (land snails), the shell is capable of containing
the entire animal ; in others, e.g. Limacide (slugs), the shell is
rudimentary, and is partially concealed by the mantle, and in
others, Oncidiade (pond snails), there is no shell at all.

Class III. PTEROPODA. Very small, moncecious, marine
Mollusca, swimming by means of two wing-like processes
attached to the head, which are elements of the foot (epipodia),
very much enlarged. The rest of the foot is rudimentary, but
the metapodium is sometimes provided with an operculum. An
auditory sac is connected with the foot. Shell sometimes pre-
sent, sometimes absent. Head very small, but mouth is fur-
nished with an odontophore. There is a peculiarity about the
position of the cephalic ganglion, it being infra- instead of supra-
cesophageal ; it is the only ganglion detectable. The intestine
takes a neural flexure. These small creatures swim near the
surface of the Aretic seas in vast shoals, forming the chief food
of the whalebone whales; they are themselves carnivorous,
living on still smaller animals than themselves. Divided into
Thecosomata and Gymnosomata.

Order 1. Thecosomata. Head indistinct; shell external.
Examples, Hyalea, Cleodora.

Order 2. Gymnosomata. Head distinct ; shell absent. Ex-
amples, (lio, Pnewmodermon,

n
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CHAPTER XVIIIL,

Sve-g1xcpoyM : MoLLusca—Crass: CEPHALOPODA—PHYSIOLOGY OF
MoLLUSCA.

Class IV. CEPHALOPODA. Aquatic, free-swimming, or
creeping Mollusca, enclosed in a muscnlar mantle, and, if a shell
exists, in a univalve shell. The chief distinguishing features
of the Cephalopoda consist in peculiar modifications which the
foot has undergone : this organis divided into numerous long,
waving, but strong tentacles, each, as a rule, furnished with
numerous suckers, or acetabula ; these tentacles are placed
around the mouth, which is in a central depression at the base
of the wavy feet, which much more resemble arms. Besides the
other pedal elements, the epipodia are separate from the rest,
and enormously developed ; they are prolonged above the head
and rest of the foot, and unite posteriorly; beyond this they
divide again, and are either modelled into muscular, flattened
disc-like oars, or into a funnel-shaped tube, the Infundibulum,
this funnel being always placed at the anterior fold of the
mouth. The mouth is supplied with an odontophore, and also
with a horny beak, very like a parrot’s bill ; the two beaks,
however, move on an antero-posterior plane, and not vertically,
as 1s the case with birds. The intestine performs a neural flexure.
They respire by branchise, which are either two or four in
number. The integument contains pigment sacs, called croma-
tophores, which sometimes tint the weird animal with bright
and variegated colours. Many possess a rudimentary internal
skeleton, e.g. the Cuttle Fish, in whom it is called the cuttle bone.

The head, or prosoma, is clearly defined, and separated from
the body by a neck ; it bears a pair of prominent, large, globular
eyes, and is, as a rule, surrounded by the wavy arms. The
head rises out of the shell, but the body, or metasoma, remains
concealed ; many, however, of the Cephalopoda are entirely
naked, i.e. have no shell. Each of the suckers is surrounded
by a strong set of radiating muscular fibres, which in contracting
(when the surface of the sucker is applied to any object), pro-

duces a vacuum heneath, and so enables the animal to form a

- e
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firm anchorage, and, if the object seized be a living creature,
to exhaust its vietim by the continuous cupping action of the
acetabula.

The powerful mouth leads to a gullet, this to a stomach, and
the intestine after bending neuwrally terminates ventrally near
the base of the funnel. Salivary glands, a pancreas, and a large
liver pour their secretions into the intestine.

In addition to these viscera a large secreting sac, the ink-bay,
is often present, containing a dark-coloured fluid, which the
animal ejects at will through a duct situated, hke the anus, at
the base of the funnel. This is provided to render the animal’s
escape from pursuits more secure ; those ‘Cephalopoda, such as
the Pearly Nautilus, which are sufficiently protected by a shell,
do not possess an ink-bag.

AoRPHOTOGY OF CEPHATLOTODA.

Sepia oficinalis, 1aid open to show viscera., &e, a. Foot. 0§ Horny jaws.
¢. Principal ganglia. d. Salivary gland. e. (Hsophagus. f. Liver. g¢.
Stomach. A. Fyloric ceecum. 4. Ink bag. & Ovary. [. Aperture of
atrial system. . Branchim. n. Oviduct. o. Cuttle-bone.

Respiration.—Two or four pairs of plume-like branchie are
situated within the pallial cavity, into which the sea-water 1s
admitted at one end, and expelled, through the funnel, at the
other, by muscular contraction. The contractions oceurring
rhythmically, subserve the double purpose of keeping up a
current of fresh water, and of assisting in locomotion ; the
succussion caused by the expelled water driving the animal in
an opposite direction.
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Circulation.—A large triccelian systemic heart is present,
which pumps the blood all over the body; it then passes through
capillaries into veins which conduet the blood back to the gills,
where it is purified, and whenece it is propelled to the heart by
contractile sacs called branchial hearts, placed at the base of
each gill.

Nervous system. — Cephalie, parieto-splanchnie, and pedal
ganglia all present, but the cephalic is much the largest, and is
often protected by a plate of cartilage, which may be regarded
as a rudimentary cranium.

Reproduction.—The sexes are always distinet. Testes contain
spermatozoa, which are agglutinated within the ¢spermato-
phore.” During reproduction the spermatozoa are temporarily
transferred to one of the arms, which becomes curiously altered
and unfit for locomotion ; in this condition it is said to be hecto-
cotylised. 'The hectocotylised arm of a male Cephalopod is
then applied to the ovary of a female, sometimes becoming
completely detached, and placed within the pallial cavity of the
female, at other times it remains attached to its original owner,
and simply transfers its contained spermatozoa to the ovary.

As already intimated, the shells of Cephalopoda are some-
times external, sometimes internal, and occasionally wanting.
When the shell is internal it is variously shaped, like a pen, the
gladius, in the Loligo, orresembling a spoon in the Sepia ; at
other times it is coiled and many-chambered, when it is termed
a phragmacone. The phragmacone, which is a true internal
skeleton, must be distinguished from the shell of the Nautilus,
which is external.

The Argonaut and the Nautilus are the only surviving Ce-
phalopoda with external shells, but they were very numerous
under the name of Ammonites and Nummulites in the Mesozoic
strata, especially in the Triassic series. Although the Argonaut
and Nautilus both possess external shells, they differ widely
from each other in many important points. In the Argonaut
(the Paper Nautilus), the shell is unilocular, and serves as a
receptacle for the ovaof the female ; it is therefore a ‘ nidamen-
tal shell :” it also receives the hectocotylised arm of the male.
The male is very much smaller than the female, the entire
animal not being more than an inch long. There is no vital
connection between the Argonaut and its shell.

In the Pearly Nautilus, on the other hand, the shell is a true
pallial secretion, and is many-chambered ; it is a beautiful con-
centrically coiled shell, with chambers separated frem each other
by transverse walls or septa, but with a tube running through
the centre of each, following the curves of the shell, and estab-

mﬂﬁ. rea ; o el e i
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lishing a communication between the last chamber, in which
the animal dwells, and the apical one, the first formed. This
tube is called the siphuncle, and enables the animal to sink or
swim at pleasure by alternately filling the tube with water, and
then expelling it by musecular contraction.

Cephalopoda contains two orders, Dibranchiata, Cuttle Fish,
Squids, Loligo, Paper Nautilus, &e., and Tetrabranchiata, of
which the Pearly Nautilus is the only living form, but of which
there are many extinct families.

Order 1. Dibranchiata. Cephalopoda with two branchize,
each of which is furnished with a branchial heart. Ink-bag
always present. They are generally naked, but have an internal
skeleton ; or if the skeleton be external it is unilocular. Funnel
complete ; arms eight or ten, provided with suckers.

The Argonaut is a squat-shaped animal, that sits in its single-
chambered shell with the funnel turned towards the keel, and the
webbed dorsal arms generally applied against the sides of the
shell ; they can, however, be raised above the creature’s head,
when they assist it in sailing. The suckers upon the eight arms
are sessile. This description applies to the female alone, the
minute male not being protected by a shell at all.

The Poulpes (Octopodee), are formidable creatures, with very
powerful tentaculated arms, two of which are provided with a
sharp claw. There are the rudiments of an internal skeleton.
They swim vigorously, by the repeated and forcible ejection of
water from the funnel, and are extremely rapacious.

Decapoda, or ten-armed Dibranchiate Cephalopoda, comprise
the Calamaries, Cuttle Fish, Spirulide, and the extinet Belemmites,

Two of the arms are always longer than the rest, and have
expanded pancake-shaped extremities. Suckers pedunculated.
An internal skeleton is present, and there are lateral fins. In the
Calamaries, or Squids, the skeleton, called the gladius, is formed
of a central shaft and two lateral plECEE the whole being lodged
in the mantle.

The Belemnites were extremely niimerous during the Mesozoic
period, and closely resemble the Sepiadse in their morphology.

Order 2. Tetrabranchiata. Four-gilled Cephalopoda, with
a many-chambered, siphunculated, external shell. Funnel in-
complete ; no ink-bag. The Tetrabranchiata creep head dewn-
wards along the bottom of the sea.

The Pearly Nautilus, which is the sole surviving representa-
tive of this once numerous order, is a soft-structured molluse,
inhabiting a beautifully involuted shell. As the animal grows
larger it creeps further and further along the shell, which is
constantly being secreted by the mantle, and having vacated
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its former chamber for a newer and larger, it shuts off commu-
nication with its old home by secreting a nacreous septum, or
wall of division ; a central membranous tube, however, ever
follows the winding of the shell, and pierces the centre of each
partition. The Pearly Nautilus possesses many arms, but
there are no suckers. The head can be entirely retracted within
the shell.

The shell of the extinet Ammonite differs from that of the
Pearly Nautilus in the septa being folded and complex, and in
the siphuncle running along the convex periphery of the shell.

Praysiorocy er MoLLusca.

In briefly reviewing the physiological processes of Mollusca
we shall of necessity recapitulate many of the points referred to
in describing their morphology.

The high degree of development in the internal organs of
Mollusea induced Cuvier to rank them at the top of the Inver-
tebrate scale ; but many of the Annulosa, notably Insecta, in
the high development of their nervous system, more truly
merit this position. We have to examine into the processes
of Digestion, Circulation, Respiration, Locomotion, and the
Nervous System.

Digestion.—The first thing that strikes us in the digestive
system of Mollusca is the similarity which it bears to that of
birds. In both (as a rule)we find a crop, a gizzard, and true di-
gestive stomach, the difference being that in birds, the digestive
stomach (the proventriculus) is placed before the gizzard, while
in the Mollusca the gizzard is placed before the digestive stomach.

The Cephalopoda possess prehensile organs in the tentacles
which surround the mouth ; most other Mollusca depend upon
ciliary action for the conveyance of their food, others have no
prehensile organs but their mouths,

The Cephalopoda have parrot-like beaks, which open and shut
vertically. All other Mollusca, except Lamellibranchiata, are
furnished with an organ which serves the purpose of a masti-
catory apparatus. This organ, situated in the roof of the
mouth, was formerly called a tongne, but now is known as the
odontophore ; it is a strap-like organ, beset with teeth, and
worked in a rasping file-like manner by muscular action.

The buccal cavity in all Mollusca opens at once into the
cesophagus, which dilates often into a crop ; below the crop we
find a strong muscular bag, the gizzard, which, in the most
perfectly developed Mollusca, the Cephalopoda, is furnished
with two lateral digastric muscles ; there is another expansion
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below the gizzard, which represents the true digestive stomach ;
the intestine is long in vegetable-feeders, short in animal-feeders,
particularly in the Lamellibranchiata. There is no distinction
into large and small intestine.

Cephalopoda, Pteropoda, and Gasteropoda, are all furnished
about the mouth with a salivary gland.

The liver is very large in all Mollusca. It is solid, lobulated,
and has two duets: a portal wvenous system is never present.
In some Cephalopoda and Branchio-gasteropoda an organ re-
sembling a pancreas exists.

Clirculation.—The heart of Mollusca is either single or double ;
it is always systemic in character. In aquatic Mollusca
the circulation is carried on as follows :—The blood, like the
blood of all Invertebrates, is not coloured with eruorin, but is
either colourless, or has a greenish tinge ; it is however corpus-
culated. This blood is propelled by a strong muscular ventricle
through tubes to every part of the body, except the gills ; from
all these parts it passes, directly and without the intervention
of capillaries, into returning channels or veins ; these veins then
pass to the gills, and present in the higher forms distinet pul-
satile cavities, known as branchial hearts, which propel the blood
throughout the gills, where it is purified ; it is then returned
by branchio-cardiac veins, either directly to the ventricle, as in
Pteropoda and Lamellibranchiata generally, or by the interven-
tion of an auricle, as in Gasteropoda and Cephalopoda. The
blood is not contained entirely in vessels, but is pumped into
lacunee, or spaces, whence it is re-collected into vessels. In the
terrestrial Mollusca the heart is also single and systemic, but
the blood, instead of being collected into branchial veins, is col-
lected into vessels which ramify over the pulmonary air-sac, and
purify it there ; thence it is returned into an arterial auricle
placed above and separated from the right ventricle by a valve.

Respiration. — Most Mollusca are aquatic and respire by
branchize. In many these are ciliated, e.g. Pteropoda, Branchio-
gasteropoda, except in some of the lowest, which are supposed
to respire by their surface only ; in others the gills are non-
ciliated, e.g. Cephalopoda. The position of the respiratory
organs is various,

Some Mcllusca (Pulmo-gasteropoda) are terrestrial and respire
by air-sacs. The air-sac communicates with the external air by
an aperture on the left side of the neck, and is placed within
the mouth and the smaller coils of the shell. It is hollow,
ciliated, and abundantly supplied with blood.

Nervous system.—The three principal ganglia, cephalie, pedal,
and parieto-splanchnie, “have each special functions of their
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own. The cephalic, representive of the vertebrate brain, is the
centre of all semnsori-motor actions—it even exercises a weak
volitional power over the rest, as seen in the search for food.
The other ganglia are brought into connection with it by
nerves. All the organs of sense, except that of hearing, receive
nerves directly from this ganglion; the organ of hearing is
supplied by the pedal ganglion, but is connected by a nervous
twig with the cephalic ganglion. The pedal ganglia are the
centres of the reflex excito-motor actions, and therefore are
representatives of the vertebrate spinal cord. The pariefo-
splanchnic ganglia are the centres which preside over organic
life, supplying the branchia, the heart, and the digestive system,
and may therefore be lﬂﬁked on as representatwes of the sym-
pathetic system.

Senses.—Organs of smell, sight, and hearing exist in all
Mollusca.

Smell.—In the Cephalopoda the organs of smell are two small
cavities, placed near the back of the eye -they each receive a
twig from the side of the optic nerve. In the other Mollusca
the sense of smell resides in the sensitive tentacula found at
the entrance to the mouth.

Sight.—The organs of sight, which are very perfect in Ce-
phalopoda, become gradually simplified as we descend the
Molluscous classes. In Cephalopoda the eyes are very large,
and connected by optic nerves to the cephalic ganglion. There
is no anterior chamber, but with this exception, the tunics and
humours resemble those in man ; the lens is very dense, and
projects into the water. There is a muscular iris and ciliary
1']-1‘0@*333'35.

All the remaining Odontophora have eyes. In the Pteropoda
they are shaped like a bent cylinder. In the Pulmo- and
Branchio-gasteropoda they are numerous black points, each
consisting of a transparent elevation of the soft skin of the ten-
tacle, a globular lens, a choroid with an iritic opening, and an
optic nerve expanding into retinal elements.

Many Lamellibranchiata are eyeless : in some, however, as
e.g. Pecten, eye-spots exist, which are situated at the free edge
of the mouth, projecting between the valves.

Hearing.— All Molluscous classes possess organs of hearing.
They are composed of cavities filled with a gelatinous fluid, and
containing cretaceous otoliths ; the sacs are always in close
connection with the auditory nerves, which either spring from
the subcesophageal cephalic ganglion, as in Cephalopoda, &ec.,
or from the pedal ganglion, as in most of the remaining Mol-
lusca.
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CHAPTER XIX.

SuMMARY oFf THE CoMPARATIVE PHYS10LOGY OF [SVERTEBRATA.

Ix this Chapter a general summary of the physiological pro-
cesses of Invertebrata is given, being of the nature of a reca-
pitulation of the preeeding chapters,

PrEuENsSILE Orcans, Protozoa.—The unciliated Protozoa
obtain their food by direct imbibition. Spongida and Infusoria
by the currents induced by the vibratile cilia.

Coelenterata. The non-ciliated oral tentacles of the Hydrozoa
and 4ctinozoa constitute the sole prehensile organs.

Annuloida. Scolecida obtain nutriment by general absorption
through the body walls, or by a special suctorial apparatus.
ERotifera possess a ciliated dise, which creates a current, and
so wafts food towards the mouth. Echinodermata possess
special prehensile organs in the vibracula, the three-pronged
pedicillarize probably also.acting in the same way ; the long arms
of many of the star-fishes are employed in the search for food.

Annulosa. The chela, or claws of the Crustacea, the haustel-
late or masticatory mouth of Insecta, the tentacles of the lob-

worms, and the suctorial toothed mouth of the leeches, are
- varieties of the prehensile organs of this large sub-kingdom.

Molluscoida obtain nourishment by the movement of eiliated
oral tentacles.

Mollusca. Food is conveyed to the mouth by cilia in some,
or directly seized by the unciliated mouth, or, as in the Ce-
phalopoda, is grasped by the suckers attached to the waving
arms or feet.

Teera.—Neither Protozoa or Ceelenterata possess teeth.

Annuloida. Scolecida have no denticles, but Rotifera and
Echinodermata both possess complex teeth ; in Rotifera the
denticles are in the shape of denticulated plates, placed trans-
versely to the mouth, and in Echinodermata the teeth, five in
number, are very large, and constitute the formidable masti-
catory apparatus known as the ‘lantern of Aristotle.’

Annulosa. The leech possesses three semilunar serrated
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teeth, implanted in the muscular walls of the mouth ; the re-

maining classes possess no teeth, but their mandibles and maxillse

are often very dense and chitinous, and form efficient cutting

organs ; the different pieces are always worked transversely.
mMolluscoida have no teeth.

Amongst Mollusca, the Gasteropods possess a strap-like organ,
called the odontophore, which is studded with rows of teeth,
and worked backwards and forwards by powerful museles. Ceph-
alopoda possess horny jaws, which move vertically. Denticles
are also situated in the mouth of the other Molluscous classes.

SALIVARY GLANDS. — Neither Protozoa or Coelenterata
possess such organs,

Annuloida. Echinodermata are furnished with csecal tubes,
which surround the gullet, and secrete a viscid fluid for mixing
with the food, and they therefore may be regarded as salivary
glands ; similar organs are said to exist in the Rotifera.

Annulesa. The Cirrhopoda possess large cement glands, which
are homologous to the salivary glands, and other Annulosa
possess these organs in the shape of tubes more or less branched,
and opening into some part of the alimentary tract between the
mouth and stomach.

Molluscoida do not possess them,

Mollusca all possess salivary glands, placed near the mouth,
and often of considerable size.

STOMACH AND INTESTINES.—Protozoa. No trace of an ali-
mentary canal is found in Gregarinida, Rhizopoda, or Spongida,
the first instance of its appearance being in the Infusoria, the
large depression or mouth leading to a short ceecal tube, called
the gullet. :

Ceelenterata. All possess a mouth and stomach, but are not
provided with an anal opening, the undigested portions being
ejected by the oral aperture. In the compound Ccelenterates
there is a community of stomach, but individuality of mouths.
In the Actinozoa the wide stomach is suspended by mesenteries
within the hody cavity ; in the Hydrozoa there is no perivis-
ceral space, the stomach, as it were, being excavated out of the
body sarcode.

Annuloida. Scolecida. The Tewniada and Acanthocephala
have no alimentary canal, and live by osmosis of the surface.
The Trematoda have a single, or double, or branched tube,
which is not terminated by an anal outlet. The Nematoidea pos-
sess a complete eanal, with both mouth and anus. The Turbel-
laria possess a simple, or branched, or sacculated, aproctous
tube. The Rotifera possess a mouth, a crop, a gullet, a stomach,
and an intestine, which terminates anally on the dorsal surface.
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The Echinodermata are furnished with a well-developed alimen-
tary canal, which terminates in an anal outlet, placed on the
opposite pole to the oral aperture ; in the radiated forms a
diverticulum from the stomach passes into each ray, and in the
Echinidea the gut which succeeds to the stomach performs two
curves round the shell before terminating in the anus.

Annulosa. The Annelida are furnished with a straight diges-
tive tube, having a mouth at one end and an anus at the other;
it is often branched, or regularly sacculated. The Earthworms
possess a curious caecal tube in their intestine, the use of which
is unknown, and which is called the {fyphlosole. Myriapoda
possess a very similar alimentary canal to the former, it being
straight and simple in the carnivorous varieties, straight and
sacculated with cesecal diverticula in the wvegetable feeders.
Crustacea, at least the higher forms, are supplied with a gullet
which conducts to a stomach or gizzard, in the walls of which
are situated numerous and regularly arranged denticles, which
masticate the food at the same time that the gastric juice is
digesting it ; the resulting intestine is generally short, and is
sometimes supplied with two cmca. The gastric denticles are
shed and renewed every time the animal casts its shell. The
Arachnida, being carnivorous; have short and simple digestive
tubes ; the stomach often has four csecal diverticula appended
to it. Insecta. The alimentary canal of Insecta changes during
their metamorphosis—in the larval form the canal is straight,
with a slight dilatation for the stomach, and a second higher up
for the crop ; the intestine, too, is often furnished with two
ceca. In the imago the mandibulate apparatus conducts to a
glandular crop, this to a gullet, which leads to a gizzard ; the
gizzard, unlike the same organ in Birds, is placed above the
true digestive stomach ; the latter is a thin muscular dilatation,
furnished with numerous gastric follicles and glands, while the
former, the gizzard, is a very strong muscular apparatus, often
supplied with denticles, which perform a second masticatory
operation. The intestine is thin, often provided with cseca, and
ends in a cloaca. :

Molluscoida. Polyzoa. The tentaculated mouth leads to a
wide ¢ pharynx,’ to which succeeds a stomach and intestine ; the
latter bends upward, and terminates near the mouth, where it
commenced. dscidioida and Brachiopoda also possess a com-
plete but narrow alimentary canal, the anus being placed near
the oral aperture. In Ascidians the intestine makes a dorsal
turn, in Brachiopoda and Polyzoa a ventral flexure.

Mollusca. Lamellibranchiata possess a transverse mouth, a
gullet, a comparatively thin stomach, and an intestine, which
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after a few coils ends on the hinder part of the mantle. Gas-
teropoda have an alimentary canal like insects, presenting for
examination a crop, a gullet, a gizzard, with denticles, a true
digestive stomach, or postventriculus, and an intestine, which
bends upwards and ends on the fore part of the body. Pteropoda
have similar alimentary canals. Cephalopoda. The gullet
pierces the cephalic cartilage, and ends in a strong gizzard, which
is furnished with two digastric muscles ; to the gizzard succeeds
another large dilatation, with a freely secreting mucous mem-
brane, and which is probably a true digestive stomach ; beyond
this again the intestine, after a few convolutions, bends up and
terminates in the branchial chamber near the mouth.

THE D1cEsTIVE GLANDS.—Protozoa do not possess any organs
homologous to the liver or pancreas.

Ccelenterata do not possess a liver or pancreas, but a mass of
gland-cells sometimes exists in connection with the intestine,
which is probably homologous to the former organ.

Annuloida. The simplest form of liver is presented by the
single long follicle, which opens into the intestine in Trema-
toda ; the remaining Scolecida do not possess any such organ.
Echinodermata occasionally possess some secreting cells in con-
nection with the intestine, which secrete a coloured fluid like
bile. Rotifera also possess a rudimentary liver. There is no
pancreas among the Annuloida.

Annulosa. The Annelida possess hepatic follicles., The
Myriapoda are furnished with numerous hepatic tubuli, which
open below the stomach. Insecta and Arachnida also possess
tubular secreting hepatic organs, which are sometimes very
numerous, as in Dytiscus, at others very few, as in Gryllus.
Crustacea possess a large, often yellow, glandular liver, divided
into lobes and lobules ; the follicles within being much ramified.
Mollusecoida. Polyzoa possess small hepatic tubules. Ascidioida
are furnished with a small glandular liver, while in Brachiopoda
it is large and minutely lobulated.

Mollusca. The liveris a very large and lobulated gland in all
the Mollusca, generally furnished with two excretory ducts.
The Mollusca alone among Invertebrata possess in some tubular
appendages near the liver, an organ which is homologous to the
Vertebrate pancreas.

OrGaNs oF CIRCULATION.—Protozoa. No organs of circula-
tion exist in the Protozoa.

Ccelenterata. No separate organs of circulation exist, but the
gonocalycine canals in many, which radiate from the stomach,
serve to keep up a change in the nutritive fluids which
go to distant parts of the organism. The fluid which these
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canals contain, although nutritious, is not corpusculated or true
blood.

Annuloida. None possess a true circulatory apparatus, but
all possess a ‘water-vascular’ system, which is probably con-
trived to answer the double purpose of respiration and circula-
tion. These water-vessels are little ciliated tubes, which com-
municate at some point with the exterior. In the Scolecidu
the water-vessels form a sort of ladder. The vessels running
down each side of the proglottis join a transverse branch at the
posterior part. The ambulacral vessels of FEchinodermata
chiefly subserve a locomotive purpose.

Annulosa. In the dnnelida there is no distinet heart or
blood-vessels, but there is a fluid containing oat-shaped cor-
puscles, which is circulated throughout the body of the worm
or leech, by ciliary action and the movements of the body. The
fluid is contained in perivisceral spaces, but not in vascular tubes.
In addition to this, Annelida possess a more corpusculated
fluid, which is contained within freely ramified tubes, with con-
tractile spaces or hearts placed at intervals. This is the pseud-
hemal system, and is connected with respiration ; the fluid
flows along the dorsal aspect towards the head, and along the
ventral aspect towards the tail. The movement in the pseud-
hsemal system is maintained by the above-mentioned contractile
hearts and by the presence of cilia. When we reach the Arthro-
poda we meet for the first time with a distinet circulatory appa-
ratus. The typical arrangementis the following : there is a dorsal
contractile and segmented vessel, which propels the blood to-
wards the head; after feeding the entire body, this blood is ex-
posed for purification to the oxygen of the air or water, and after
undergoing that process is returned to the heart. The chief modi-
fications are the greater or smaller number of valved segments
in the dorsal vessel, and the presence or absence of returning
veins. The valved segments more or less correspond to the
number of body segments : thus they are numerous in Myria-
poda, fewer in Insecta and Arachnida, and fewest of all (indeed
there is only one contractile cavity often) in the Crustacea. In
the latter class there is a dorsal heart, ¢.g. in the Lobster, con-
sisting of a single ventricle, placed beneath a venous sinus,
which pumps the blood all over the body, returning through
lacunge, but not through capillaries ; it is then conveyed to the
gills for purification, and is finally returned to the heart by the
branchio-cardiac veins. The ventricle gives off five or six sys-
temic arteries, which are called from their destination, opthal-
mie, hepatic, antennary, and ventral or sternal arteries, The
Scorpion is the only annulose animal with a distinet ventral vein.
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Molluscoida.—The Ascidioida possess an unvalved heurt,
which first pumps the blood one way and then another. In the
compound Ascidioida this aberrant style of eirculation is carried
on through the stolon or common foot-stalk. Brachiopoda
possess a valved heart, which is systemicin action. Polyzoa have
no circulatory organs whatever, but obtain their nutritious fluid
like Ceelenterata by osmosis through the diaphanous body wall,

Mollusca. Lamellibranchiata have a trilocular heart, com-
posed of two auricles and one ventricle, contained in a large
venous sinus. The blood passes from the arteries into lacunse,
or spaces, and before returning to the heart is transmitted for
oxidation to the gills. Gasteropoda as a rule have a bilocular
heart, consisting of one auricle and one ventricle ; the branches
of the aorta pass to lacunze in the perivisceral cavity before going
to the gills or air-sacs, according to the aquatic or terrestrial
habits of the particular Gasteropod. Pteropoda possess circula-
tory organs similar to Gasteropoda. Cephalopoda are furnished
with a powerful muscular heart, situated in the middle of the
body, which is trilocular in character. Two aortse, one going
to the head and the other distributing blood to the rest of the
body, pass from the single ventricle ; the arteries ierminate in
capillaries, their only appearance in the Invertebrate kingdom,
and through them the blood goes to the two or four gills as the
case may be, whence it is propelled by branchial hearts to the
two auricles. As there are no lymphatic vessels in Invertebrata,
the vascular system of the latter must be regarded as repre-
senting both the heemal and the lvmphatic system of Verte-
brata. The Invertebrata, though frequently possessing hepatic
arteries, which are given off directly from the aorta, mever
possess a portal venous system, nor is the blood, although corpus-
culated, everred, but is generally colourless, or green in colour.
The corpuscles again are generally granular in outline, though
sometimes they are smooth and discoid, or perhaps angular.

RESPIRATION. —Protozoa cannot be said to possess any de-
finite and distinct organs of respiration, but yet are furnished
with certain arrangements as a rule, by which the process is

carried on. '
Bathybius is believed by some naturalists to possess the

power of obtaining mnourishment directly from the simple
chemical elements, after the fashion of plants. Gregarinida
and Rhizopoda probably directly absorb oxygen through their
delicate body walls. Infusoria keep up a superficial current by
ciliary action, and the almost rhythmical contraction of their
contractile spaces. Spongida also maintain a continuous affer-
ent and efferent flow of oxygenated water through the pores

and oscula by means of t heir ciliary lining.
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Cwlenterata. The gonocalycine canals probably subserve a
respiratory purpose in those Coelenterates who possess them ; in
others, oxygen is directly absorbed into the tissues by the law
of dialysis. _

Annuloida. Scolecida probably respire by means of the water
vessels, and directly through their skin. Rotifera are mainly
dependent upon the ciliated trochal dise for bringing them fresh
oxygen. FEchinodermata respire by their water and ambulacral
vessels. The Holothuridea possess a very beautiful much
branched tube, called the wrespirafory tree, which is situated
within the body of the animal, projecting into the perivisceral
space, and communicating with the common cloaca.

Annulosa. Some Annulosa are agquatie, others are aerial in
respiration. Aquatic Annulosa breathe by branchise or gills ;
these organs are generally placed externally in Annelida, being
around the head, as in Serpula, or on the back, as in Nereis;
sometimes they are internal, as in Polyne. The Crustacea,
except the very lowest, such as the Pycogonida, which have no
differentiated respiratory organs, and the aquatic Arachnida,
respire by branchise situated in a branchial chamber. The
lobster, e.g., has twenty-two flattened branchise on either side,
to which water is freely admitted by the continual flapping of
the gill covers, and by the baling process of the scaphognathite.
In none of these Annulosa are the gills ciliated. Aderial Annu-
losa. The air-breathing Annelida, such as the Earthworm and
the Leech, respire by means of little saceuli, which open exter-
nally by small ducts on each segment of the body. Myriapoda
possess a series of tubes kept constantly patent by an internal
elastic thread, which communicate with the exterior, and which
are connected together by cross branches; the little apertures
by which they communicate with the air are called spiracles, or
stigmada.

Arachnide possess air-sacs often plicated, and communi-
cating like the tubes in Myriapoda with the exterior by means
of stigmata. The water spiders are aerial in respiration, carrying
down the necessary oxygen to their dwelling-places after con-
tinuous journeys to the surface.

Insecta possess what is called a tracheal respiration : the
traches being small and freely communicating tubes, which are
kept patent by a coiled elastic thread, as in Myriapoda, only
much more perfectly. The traches pass to the external air by
stigmata, and ramify through every part of the body, some-
times even piercing the insect’s compound eye ; the wings of
insects are chiefly tracheal expansions, and may therefore be re-
garded as associated with the respiratory function, though not

I
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so much as with the power of flight : thus, if the wings of an
insect be cut off, they do not speedily die asphyxiated. The larvea
and pupze of Insecta likewise possess and breathe by trachez.

Molluscoida. Ascidioida possess a large respiratory sac, or
atriwm, through which water is being constantly passed by ciliary
action. Brachiopoda breathe by vesicular inflections of the
mantle. Polyzoa maintain a current through their hollow ten-
tacles and the perivisceral cavity by cilize, which are placed
around the mouth.

Mollusca. Lamellibranchiata respire by two pairs of flat or
lamellar gills, which are beautifully ciliated, and afford one of
the best and most accessible illustrations to the microscopist of
ciliary motion. When the shell is closed, the water is admitted
at one side and expelled at the other ; when the shell, however,
is open, the branchise float free in the water. Branchiogastero-
poda sometimes respire directly by the skin, as e.¢. in some
Nudibranchiata, but generally by fringed gills, which are
placed in the last coil of the univalve shell, and to which the
water is admitted by a tube or by a large patent mantle,
Pteropoda breathe by laminar gills, placed either inside or
outside the mantle. Cephalopoda possess one or two pairs of
‘large branchize, which are never ciliated, and are placed within
the mantle, receiving water at one end of the tube or syphon,
and expelling it at the other by alternate contractions of the
mantle and of the tube itself. The Pulinogasteropoda alone
among Mollusca respire air ; in them a large sac is placed be-
neath the shell, and communicates with the air by a slit on the
left side of the meck. The sac is lined with cilia, and freely
supplied with blood vessels.

NERVOUS SYSTEM. Protozoa. In none of the Protozoa has
a nervous system ever been demonstrated.

Ccelenterata. In a few instances a minute ganglion has
been seen, which sends off twigs to the body sarcode, and to
the so-called lithocysts.

Annuloida. Scolecida and Rotifera possess a single, double,
or quadruple ganglion, which sends off efferent and receives
afferent twigs. FHchinodermata have a narrow collar, with five
ganglia upon it, e.g., one for each segment, which sends twigs
to the eye-spots, ear-sacs, and every part of the creature’s body.

Annulosa possess a supra-cesophageal or cephalic ganglion, a
nervous collar embracing the cesophagus, an infra-cesophageal
ganglion, and a double gangliated ventral cord, which transmits
filaments to every part of the body. The nervous system of
Annulosa often possesses, in addition to the sensori-motor
and excito-motor functions, which have been the sole functions
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of the preceding sub-kingdoms, a certain ideational or voli-
“tional power. The nervous system of Annulosa is much more
concentrated in those members of the group which have the
segments much welded together, as Arachnida and Crustacea,
than in those possessing many serially similar segments, such
as the Myriapoda.

Molluscoida are furnished with a single ganglion, placed near
the mouth, and sending twigs to the tentacles, the eye-spots,
and the body-walls. It is reflex in function.

Mollusca. The typical arrangement of the nervons system
in Mollusca is not unlike that of Annulosa, viz., there is a
cephalic, a pedal, and a parieto-splanchnic ganglion, which are
connected by commissural fibres. The cephalic ganglion repre-
sents the supra- and subcesophageal ganglia, of Annulosa, and
transmits nerves to all the organs of sense and all the parts
‘about the head. The pedal ganglion, placed in the ¢foot,’ is
generally single, but sometimes, as e.g. in the Cephalopoda, 1s
much divided ; it supplies the greater part of the locomotive
organs. The parieto-splanchnic ganglia supply the viscera of
organic life, and consequently preside over the respiratory,
circulatory, and digestive apparatus. The functions of the
nervous system of Mollusca comprise slight powers of volition,
as well as the usual reflex functions, such as excito- and sensori-
motor powers, .

TaE ORGANS OF SENSE. Protozoa possess none, with the
exception of a few Infusoria, which are said to be furnished with
eye-spots, but unless these are connected with a nervous system,
which as yet has not been determined, it is clear that these
spots are not sentient ocular organs, but merely small masses of
pigment.

Ccelenterata. Sight. The Medusse are provided with pig-
ment spots and a lens-like body, situated in the borders of the
dise, in eontiguity with the lithoeysts, and in connection with a
nervous ganglion. Other Ccelenterata possess eye-spots alone,
without any lens.

Hearing. Most Ceelenterata, but particularly Medusse, possess
numerous lithocysts, little saes with caleareous particles, situated
round the border of the dise.

Touch. The thread-cells are not organs of touch so muc:h as
destructive weapons of offence.

Smell does not exist.

Annuloida. Sight. Echinodermata, a few Scolecida, and
all the Rotifera, are supplied with eye-spots, which are placed
near the prineipal ganglion.

Hearing. Nearly all Annuloida are desmtute of organs of
12
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hearing; but a few Rotifera, and the Turbellarize among Scolecide

possess a single auditory sac, near the principal nervous ganglion.

Smell, Taste, and Touch. Annuloida are probably entirely
destitute of organs of smell, taste, and touch.

Annulosa. Sight. All Annulosa possess eyes, which are,
however, of very different degrees of perfection. Anmnelida are
furnished with ocelli alone, which are probably only capable of
affording the animal a sense of light and darkness, without
enabling it to distinguish objects. The construction of the
ocelli is simple enough; an expansion of mnervous substance
behind a coat of pigment, which in its turn is covered by a
transparent membrane formed from the cuticle, constitutes an
ocellus. To this a lens is sometimes added, as in the Leech
and Nereis. The Leech has ten of these eyes, the Nereis
and Eunice have each four. Myriapoda. Some are blind, but
most possess simple eyes, aggregated together to form the con-
glomerate eye ; others possess true compound eyes, like insects.
The simple eye is an advance in complexity upon the ocellus,
there being a pupillary opening in the choroid or pigmentary
coat, a cornea, and a lens, as well as a nervous expansion or
retina. The eyes of Myriapoda vary in number from four to
forty. Crustacea. Some few low and aberrant forms, such as
the Cirrhopoda, are eyeless ; all the others possess eyes, gene-
rally compound and stalked, sometimes simple and sessile. The
formation of the compound eye has been described at page 67.
The peduncle, or stalk, enables the Crustacean to turn his eye
in any direction, even to look completely behind him if need
be. The eyes of Crustacea as a rule do not exceed two or three
in number, Arachnida ; the lower forms are eyeless, but the
great majority possess well-developed and singularly bright
simple eyes, from two, in the Mites, to ten, in the Scorpions.
Insecta are supplied with both simple and compound eyes ; the
number of separate corneal facets in the latter, each being con-
nected with a twig of optic nerve, is extraordinarily numerous ;
e.qg. the common house-fly is said to have 8,000, the dragon-fly
12,000, and the Mordella beetle 25,000 of these single eyes,
which are united in the two compound eyes. As neither the
optic nerves, or columns of the nervous cord decussate, the
image seen by each eye is probably received by the nervous
ganglion of the same side, and not reversed, and then corrected,
as in the eyes of Vertebrata.

Hearing. Most of the Annulosa possess acoustic organs.
Annelida have two auditory sacs in connection with the nervous
collar, which surrounds the esophagus. Myriapoda are stated
not to possess any organ of hearing. Crustacea possess auditory
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sacs, with contained otoliths, or otoconia, placed at the base of
the first pair of antennse. These sacs are in communication with
the subcesophageal nervous ganglion. Arachnida have not been
shown to possess an auditory apparatus. Insecta possess auditory
sacs, generally filled with fluid, and containing calcareous par-
ticles, which are variously situated ; ¢.¢. in the Grasshopper these
organs are placed in the abdomen, on either side of the first
abdominal ring ; in Flies and most insects indeed, the ears
are placed at the base of the antenne, and in some Locusts
upon the chief segment of the first pair of legs ; thus some
have legs, others bodies, and others again antennze, which
can hear. :

Smell. It is thought by some, that the same organs which
have been mentioned above as acoustic organs may serve
equally for organs of smell ; this is probably true, inasmuch as
no other organs have been discovered, and yet many Annulosa,
as e.g., bees in search of distant clover, exhibit the possession
of the sense of smell as well as of hearing.

No special organs of faste or fouch are present, but the wings
of many Annulosa are highly sensitive organs, as are the an-
tennze of others.

Molluscoida. Many are blind, but the Ascidians possess
ocelli near the nervous ganglion. Molluscoida do not possess
any other organs of special sense, except a few Ascidians which
possess auditory sacs.

Mollusca. Sight. DMollusca often possess large prominent
eyes, but the Lamellibranchiata are, for the most part, without
eyes at all, and those, such as the Pecten, which possess them
are only furnished with ocelli. The Gasteropoda possess simple
eyes which are situated either at the base, e.g. Limnwus, at
the middle, e.g. Halyotis, or at the apex of the tentacles, as in
the common snail. The Heteropoda and Pteropoda both possess
eyes; in the former class they are large, and in the latter small,
and situated at the back of the head. Cephalopoda have ex-
tremely large and prominent eyes, which are constructed like the
eyes of Vertebrata, except that there is no aqueous humour, and
the lens consequently where it is exposed by the opening of the
pupil is bathed freely by the water in which the animals swim.
The lens is indeed double, one placed behind the other, a pro-
vision for increasing the refractive power of this body in the
Cephalopoda.

Hearing. All Mollnsea possess auditory sacs filled with fluid
and containing otoliths ; the sacs are placed in communication
- with the cerebral ganglion. The Cephalopoda are supplied with
two large flask-shaped auditory sacs lodged in the cephalic car-
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tilage and surrounded as well as filled with fluid. The auditory
nerves are large and expand upon the aunditory sacs.

Smell. The sense of smell probably resides in the tentacles of

many Mollusca, but in Cephalopoda there are two littlesentient
papillze placed in a cavity near the eye which receive filaments
from the optic nerve, and which are regarded as organs of smell.
~ Taste. The odontophore of Gasteropoda and the tongue of
Cephalopoda are organs of digestion rather than of taste.
- Orcans oF EXcrETION are known to exist among the In-
vertebrata, because uric acid has been found in the Annulosa
and Mollusea and guanin in the Coelenterata, but our know-
ledge of their morphology is still imperfect.

Protozoa. The skin of Protozoa is the only excretory organ.

Ceelenterata generally excrete by the ectoderm and endo-
derm; but in some, small cell-like bodies project into the body
cavity which are thought to act as renal organs.

Annuloida. The water-vascular system of Annuloida is pro-
bably partially excretory in function.

Annulosa. All Annulosa (except Crustacea) possess tubes,
placed near the stomach and opening into the intestine, which
are perhaps homologues of renal organs, but by many are
regarded as representative of the liver.

NMolluscoida do not possess specialised renal organs,

Mollusca. In Lamellibranchs a glandular kidney is found near
the heart, whose duct opens into a pallial chamber ; Gasteropoda
possess a similar gland, whose ducts open into another branchial
cavity, Cephalopoda possess several spongy masses of follicles,
which act as organs of excretion, placed around the branchial
veins, and whose ducts open into the branchial cavity.

Orcaxs AND Mope oF RepropucrioN, Protozoa. Sperma-
tozoa and ova have been observed by some naturalists in the
bodies of certain Infusoria and in the substance of the Spongida;
in them consequently reproduction is by sexual congress of
Sperm and germ cell, but for the most part the Protozoa mul-
tiply fissiparously or gemmiparously.

coelenterata. Hydrozoa. Male. Spermatozoa lodged in
small conical projections of ectoderm, and emitted from their
apices. Female. Similar .projections containing ova placed
Tower down, the liberated ova are at first ciliated. Besides this
sexual reproduction, Hydrozoa multiply by gemmation. Aeti-
nozoa. Similar organs are present to those of Hydrozoa but
placed on the mesenteries and not growths of the ectoderm.

Annuloida. Scolecida. Turbellaria : hermaphrodite. Male
organs. Two long tubular testes with penis lodged in a sac.
Female organs. Ovaries not distinet, but ova scattered about
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the body. Two branching oviducts lead to a single external
opening tube or vagina. Trematoda. Hermaphrodite. Organs
very large. Male. Convoluted tubular testis, whence one duct
runs to oviducts, and two ducts lead to penis, which is lodged
in a sac. Female. Ovary near ventral sucker. Vitellaria, or
yelk supplying organs, which run into ovary, near the com-
mencement of the oviducts, the oviduets expand to form a
uterus, and contract again to form a vagina. Metamorphosis
very common, which is described at page 39. Twniada, herma-
phrodite. Male. Vesicular testis lodged in branches of den-
dritic ovary, and evertible penis lodged in a sac. Female.
Much branched ovary, occupying posterior sixth of body.
Vitellaria on either side opening into ovary ; the ovary leads to
a uterus to which succeeds a vagina, which terminates laterally
in the generative pore above the penis. Developed by alternation
of generation, vide page 37. Nematoidea. Sexes distinct.
Male. Long tubular testes with vesiculse seminales, vasa defer-
entia, and two little penile spicules. Female. Large ovary, with
communicating vitellaria, oviducts lead to uterus, where sper-
matozoa produce impregnation of the ova: the egg is enclosed
in a strong case, which finally hardens into a shell. No meta-
morphosis during reproduction. Rotifera. Sexes distinet.
Male. Testes and penis. Female. Large ovary, whose duct
opens into cloaca. Impregnation takes place internally, and
the young rotifer acquires some dimensions prior to birth.
Echinodermata. Hermaphrodite as a rule. Male. Testes in
each ray with vasa deferentia. Female. Ovaries In each ray
with oviducts, which open at the angle between two rays.
During development undergo metamorphosis, for which see
page 47.

Annulosa. Annelide. Hermaphrodite as a rule. Testes
and ovaries saccular organs, whose contents are discharged into
perivisceral space. Each segment is furnished with a pair of
these testicular or ovarian sacs. The impregnated ova are
extruded through genital pores which open on the surface. My-
riapoda. Male. Has seven testes and fourteen ducts, which open
near the anus. Female. Ovary simple, and leads to tube which
opens also near the anus. No metamorphosis. Crustacea.
Many hermaphrodite ; in many others, however, sexes distinct.
Male. Testes situated in the thorax, and communicating with
each across the middle line ; they lead to a musculo-membranous
penis of considerable size, which can be protruded through an
opening in the basal joints of the last thoracic limb. Female.
Ovaries double; situated in the thorax, communicate with vagina,
and open through the basal joints of the third ambulatory

imb by a single tube. Development often takes place through
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a succession of moults, as described at page 61. In some, e.g.
Cirripedia, the females carry within their own bodies husbands
for life in the shape of supplementary males. Insecta. Sexes dis-
tinet as a rule. Male. Tubular testes often very much com-
plicated ; these organs are in connection with convoluted
reservoirs, or vesiculse seminales, and lead to vasa deferentia,
which eject their contents through a urethra which traverses
a conical penis, enclosed between two of the abdominal plates.
Female. Tubular ovaries attached by mesenteries, lead to ovi-
ducts, which open into a single uterus and give succession to
a vaginal orifice. A spermotheca, or germ-reservoir, is in
connection with the uterus. Most Insecta pass through a
metamorphosis of larva, pupa, and imago, for details of which,
see page 67. Arachmida. Sexes distinet. Male. Testes ab-
dominal, and efferent ducts open between thorax and abdomen :
semen is conveyed by maxillary palpi to the vulva of the
female. Female. Ovaries abdominal, and open in a similar
position to the testes of the male.

Molluscoida. Ascidioide. Hermaphrodite. Muale and Fe-
male organs very similar and much interwoven. Reproduction
is sometimes by gemmation, sometimes by union of sperm and
germ cells. Brachiopode. Hermaphrodite. Organs somewhat
similar to those of Ascidians, but reproduction always sexual.
Polyzoa. Hermaphrodite. Male. Testes lobular and irregular,
connected to stomach and to body-wall. Female. Ovary ecir-
cular with duct. Impregnation internal, and polyzoon con-
siderably developed before the ovum is extruded ; the embryo
escapes through a rent in the body wall and not through a
duct. Reproduction sometimes by union of sperm and germ-
cell, sometimes by gemmation.

Mollusca. Lamellibranchiate. Dicecious. Testes and ovaries
situated along intestine ; no sexual congress ever takes place,
but reproduction occurs within the pallial covering, or in a
pouch on the branchite, or in cloaca, or outside the parent.
Gasteropoda. Moncecious and dicecious. Male organs. Tubu-
lar convoluted penis, vasa deferentia, evertible penis. Female.
Tubular ovary, oviduects with spermotheca attached, and vaginal
outlet. The egg is often covered with much albumen, which serves
as yelk food. Pteropoda. Hermaphrodite. Cephalopoda.
Sexes distinet. Male possesses a hectocotalytic arm, which holds
a sac filled with spermatozoa ; this becomes applied to the ovi-
duct of the female, and the arm, with the contained sac, is
left adherent to the female. Female. Ovary, oviduct, nida-

mental gland all present; the generative opening is in the
branchial chamber.
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CHAPTER XX,

TaBuLAR ViEw oF THE PrixciPAL DIVISIONS OF THE INVERTEBRATA.

SUB-KINGDOMS, CLASSES, AND ORDERS OF INVERTEBRATA.

Sve-Kmenom I.—PROTOZOA.
Class I. GREGARINIDA.

Class. II. RHizorPoDA.

Orders.
1. Monera.
2. Lobosa.
3. Reticularia.
4. Radiolaria.

Class I1I. SroNGIDA.

Class IV. INFUSORIA.
1. Ciliata.
2. Suctoria.
3. Flagellata.

Sus-Kingpom II. C(ELENTERATA.

Class I. Hybprozoa.
Hydrida,
Corynida.
. Bertularida.
. Calycophorida.
. Physophorida.
. Lucernarida.

Sub-Class B. Syphonophora
Sub-Class C. Discophora

Sub-Class A. Hydroida « . {
L
|

m'-'.l‘ll-hl.',l:*h_.l—l

Class II. AcTINOZOA.

Zoantharia.
Alcyonaria.
Rugosa.
Ctenophora.

e

Sus-Kivepoym III. ANNULOQIDA,
Class I. ScOLECIDA.

Sub-Class A. Pfaiyﬂmia 4 2. Trematoda,
' 3. Turbellaria.

{ 4. Acanthocephala,

{ 1. Taniada.

Sub-Class B. Nematelmia 5. Gordiacea.

6. Nematoidea.
Sub-Class C. Rotifera . y . 7. Rotifera.
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Class II. EcHINODERMATA.

e 80 S

Orders.
Echinidea.
Asteridea.
Crinoidea.
Ophiuridea.
Holothuridea.,

Sues-Kmcpoa IV. ANNULOSA.
Class I. ANNELIDA vel ANARTHROPODA.

1.

2
3.
4
b

ARTHROPODA.

Class I. CRUSTACEA.

E=in SRR S b

Class II. MyR1AroDA,

22 po 1

Class III. INsECTA.

Sub-Class A. _Ametabola .

Sub-Class B. Hemimetabola

Sub-Class C. Holometabola

it et
O EPND OB

—
—
(8]

Class IV. ARACHNIDA.

G gl ]

Errantia. -

. Tubicola.

Terricola.

. Suctoria.
. Gephyrea.

Podophthalmia.
Edriophthalmia.
Stomapoda.
Branchiopoda.
Ostracoda,
Cirripedia.
Copepoda.
Merostomata.
Trilobita.

. Chilopoda.
. Chilognatha.

Pauropoda,

Anopleura.

Mallophagi.
Thysanura.
Hemiptera,
Orthoptera.
Neuroptera.

. Aphaniptera.
. Diptera.

. Lepidoptera.
. Hymenoptera.
. Strepsiptera.

. Coleoptera,

Podosomata.
Aecarnia.
Adelthrosomata.
Pedipalpi.
Araneida,
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Sve-Kmxepom V. MOLLUSCOIDA.

. Class I. ASCIDIOIDA.
Orders.
1. Branchialia.
2. Botryllida.
3. Appendicularia.

Class II. BraAcHIOPODA.

1. Articulata.
2. Inarticulata.

Class I1I. Powryzoa.
: 1. Phylactoliemara.
2, Gymnolemata,

Sus-Kixepom VI. MOLLUSCA.

Class I. LAMELLIBRANCHIATA.

1. Siphonida,
2. Asiphonida.

Class II. GASTEROTODA.

. Prosobranchiata,

. Opisthobranchiata.
Heteropoda.
Inoperculata.

. Operculata.

Sub-Class A. Branchio- Gasteropoda {

I:I::lhn-s,mw:_n.

Sub-Class B. Pulmo-Gasteropoda ‘[

Class III. PreEROPODA,
1. Thecosomata.
2. Gymnosomata.
Class IV. CEPHALOPODA, '

1. Dibranchiata,
2. Tetrabranchiata.
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CHAPTER XXI.

Svus-KiNepoM : VERTEBRATA—GENERAL CHARACTERISTICS—SKELETON
wiTH 175 HoMmoLoGIES.

VERTEBRATA. Definifion. Animals that possess a vertebral
column, formed by the coalescence of vertebra ; or, more uni-
versally, animals that possess at some period of their existence
a fibro-cellular rod tapering to either end, situated in the site of
the future vertebral bodies, when they exist, and called the noto-
chord. All Vertebrata do not possess limbs; when they do,
they never exceed two pairs. The skeleton which gives attach-
ment to the muscles is always infernal. The heart contains red
corpusculated blood, and is composed of two or more cavities.
A portal venous system is always present. The respiratory
organ communicates with the pharynx. The alimentary canal
is always provided with a distinet inlet and outlet. The
nervous system is much more largely developed than in the
highest of the Invertebrata ; it is lodged in the vertebral column,
and in its expanded upper portion, termed the cranium, and
consists of a brain and spinal cord.

Relative Position of Parts.—If a transverse section be made
of an invertebrate animal, all the structures or organs will be
found contained in one tube and observing a regular order.
Thus from behind forwards we have: 1, the hsemal system ;
2, the alimentary canal ; and 3, most anterior of all, the nervous
system. If now a transverse section be made of any verte-
brate animal, it will be seen that the organs are contained
in two quite distincet tubes, the anterior of which conforms to
the single tube of invertebrates, the posterior being a completely
fresh structure and containing the spinal cord and brain. The
anterior and larger tube, although it possesses the same struec-
tures as the invertebrate tube, has them differently arranged ;
thus, from behind forwards, we come first to the ganglionic
nervous system, which is clearly homologous with the single
nervous system of Invertebrata, then to the hsemal system, and
in front of all to the alimentary canal. It must, however, be
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conceded that although the nervous system of Invertebrata is
homologically represented by the ganglionic or sympathetic
system of vertebrates, yet the nervous system of an inverte-
brate performs many functions of a reflex character, such as
sensori-motor, excito-motor, and even ideo-motor action, which
in vertebrates are performed by the cerebro-spinal system alone;
from which it follows that, analogically, the nervous system of
Invertebrata, represents both the ganglionic and the cerebro-
spinal system of vertebrates.

The blood of vertebrates is always red—except in Amphioxus
—and contains red cells, which are oval or circular ; they are
largest in amphibia and fish, and smallest in mammalia. The
Proteus has the largest corpuscles of any vertebrate, the Musk-
deer the smallest, In the former they measure 335th of an inch in
length; in the latter they are but :;1;5th of an inch in diameter.

Cireulation.—Although the heart of a vertebrate may contain
two cavities (fishes), three (reptiles), or four cavities (birds and
maminals), it is, nevertheless, always a respiratory heart in the
first instance ; in other words, the ventricle always pumps the
blood first to the gills or lungs, as the case may be, in order to
secure its purification prior to distributing it over the entire
system, whereas, as we have seen, the heart of invertebrates
is invariably a systemic heart ; in other words, the ventricle first
propels the blood over the whole body before it is submitted
by the capillaries to the oxygen contained in the air or water,
according as the animal possesses an aerial or aquatic respiratory
apparatus. Taking man as our type, the course of the circu-
lation is as follows : the right ventricle contracting, forces the
blood into the pulmonary arteries, which distribute it through
a most Intricate capillary network to the ultimate structure of
the lungs, whence it is returned by four veins to the left auricle,
a cavity which forthwith discharges it into the left ventricle
placed beneath. This strong muscular cavity then ejects the
blood with such force into the aorta, as to distribute it through
the systemic capillary system to the entire body, where, having
done its work by feeding the tissues and providing for the
secretions, it is returned by veins into the right auricle, which
in turn transmits it to the right ventricle, and so completes the
magic circle.’ :

Digestive System.—The manducatory organs of vertebrates
are never hard or horny productions of the alimentary canal,
nor do they ever subserve the functions of limbs, as they so
often do in invertebrates.

1 Professor Haughton calculates to lifting 124:208 tons through vne
that the total work done by the heart foot of space.
of man in twenty-four hours is equal
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Kidneys are always present; in the lower orders, consisting
of medullary portions alone ; in the higher, of both cortical and
medullary elements,

Nervous System.—The ganglionic system, before referred to,
supplies the unstriped muscles and presides over organic or
visceral life ; the cerebro-spinal system supplies the striated
muscular fibre, and reigns over animal or sentient life. All
four senses are present, except in a few Amphibia, which are
blind. _ .
Skeleton. —The skeleton is primarily divided into the axial and
the appendicular skeleton ; the former being the skeleton of
the trunk, the latter that of the limbs.

The trunk and head are composed of segments called vertebra:
serially arranged, which are variously modified to subserve

Fig. 40.

DracrAM OF A TYPE VERTERRA, FROM QWEX.

Y. Neural Arch. /. Hemal Arch. The Centrnm is placed between
¢ and k. e ¢. Nearapophyses, b. b, Diapophyses. . Neunral spines. . d.
Pleurapophyses. ¢ ¢. Hemapophyees. 7. Hemal spines.

various purposes in different situations, but which all contain
certain similar parts or elements. It is convenient to picture
an ideal or typical vertebra, and to describe it so that others
may be compared with this central figure, not necessarily
because there is a typical or archetypal vertebra toward which
all vertebrze are tending and striving, but merely for the sake
of convenience of description. A typical vertebra, then, con-
sists of the following parts :—There is, in the first place, a
central mass called the body or centrum, from which extends
an upper and a lower bony arch ; the upper lodges the spinal
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cord, and is called the mewral arch; the lower contains the
vascular system, and is termed the hamal arch ; spinous pro-
cesses called respectively the neural and the hemal spinous pro-
cesses project from their respective arches. The meural arch
consists on each side of two connected pieces, the diapophyses
and the newrapophyses. The hzemal arch likewise presents to
our examination two bones, the plewrapophyses and the hema-
pophyses. Four other processes, two on either side, called
zygapophyses, project from the junction of the diapophyses with
the centrum, and from the junction of the pleurapophyses with
the centrum. Considering that we are taking a dorsal vertebra
of man as our type, the different parts would be arranged as
follows : The neural arch contains the cord, its neura- and diapo-
physes constitute the laminse, and the neural spine gives attach-
ment to the muscles of the spine ; the hseemal arch contains the
heart, great vessels, and lungs, and is made up of pleurapo-
physes or ribs, hsemapophyses or costal cartilages, and a hsemal
spine, or sternum. The two upper and two lower, or pre- and
post-zygapophyses are joined to similar processes on the vertebra
above and below.! These parts are not present in every
vertebra, and there are some modifications in almost every part
of the spine. Still speaking of man as our type, the spinal
skeleton is divided into ecervical, dorsal, lumbar, sacral, and
coceygeal, or, in other animals, caudal vertebrie. The cervical
and lumbar vertebrse are the most movable, the dorsal and
sacral the most fixed. In the cervical region each vertebra has
a flattish body and a large neural canal, but no elements of the
hsemal arch whatever are present.

The first cervical vertebra is called the atlas, and articulates
by two deep cups with the condyles of the occipital bone of the
skull. The atlas consists of nothing but two arches separated by
a ligament : the posterior, large one for the cord ; the anterior,
small one, for the reception of a vertical piece, the odontoid
process of the vertebra next below. This second cervical ver-
tebra is called the awis, and is peculiar in possessing the singular
vertical or odontoid process just spoken of. Development
proves this to be in reality the body of the atlas displaced from
its true position. The cervical vertebrze are seven in number.

1 The elements of a vertebra are
those parts which develope from a
separate centre of ossification, and
are therefore called ¢autogenous.
The processes of a vertebra grow
from already ossified parts, and are
therefore termed * exogenous.” The
elements of a vertebra are the cen-
trum, the neurapophyses, the neural

spine on the upper arch, and the
pleurapophyses, the hmmapophyses,
and the hmmal spine on the lower
arch. The processes are the dia-
pophyses, the parapophyses, the
zygapophyses, the anapophyses, the
metapophyses, the hyapophyses, and
the epapophyses. ,
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In the dorsal region the neural spines are very long and
overlap, so that very little movement is possible here ; the
hzemal arch, however, is present and is very large. The dorsal
vertebrsze are twelve in number.

In the lumbar region the heemal arch is again suppressed ; the
bodies are very large and massive, to support the increased weight
of the trunk, and the neural spines are horizontal, so that the
bones enjoy considerable freedom of movement. There are five
lumbar vertebree.

The sacral vertebrse are welded together to form a single solid
wedge-shaped bone, the sacrum, which lodges the termination
of the cord, and supports the pelvis, to which are attached the
lower limbs. The sacral vertebrae number five.

The coccygeal vertebrae, five in number, are very small ; the
last often possessing no other part of the type vertebra than the
centrwm.

The cranial skeleton consists of the bones of the skull and the
bones of the face ; they are numerous and complicated, and
vary widely in the different classes and orders of vertebrates,
but the same elements are as a rule distinetly recognisable—
that is, we can, as a rule, determine the homologies of the
bones of various crania. The segments of the skull nearest to
the spine are clearly made up of modified vertebree, but as we
advance further and further from the spine, the succeeding seg-
ments become less and less like vertebrze. It is, however, the
belief of many naturalists that the entire cranium is made up of
modified vertebree ; others, on the contrary, consider that the
cranial vertebrse do not extend beyond the second or parietal
segment. It is certain, however, that the same elements can
be made out in the front as in the hind parts of the skull, and as
the description of different crania is much facilitated by having
a regular nomenclature, the cranial vertebrate theory in its
entirety is here adopted.

We must first speak of the bones which enter into the compo-
sition of the skull, still taking man as our type before referring
to the vertebral homologies of the separate bones. The cranial
skeleton consists of bones of the skull, or calvarium, and bones
of the face. The skull consists of eight hones—four single, and
two double.

The occipital bone forms the occiput or back of the head ; it
is not unlike a large scallop shell, with a hole as big as half-a-
crown at the stalked end. The hole is the foramen magnum of
the skull, and transmits the commencement of the spinal cord,
two vertebral arteries, and the two spinal accessory nerves. On
either side of this foramen, the condyles are placed, which
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articulate with the cups on the atlas. The bone in front of the
foramen magnum is solidly soldered to the body of the sphenoid,
which is the next succeeding segment. Behind the foramen the
occipital bone is expanded to support the cerebellum, and, above
this, the hinder part of the cerebrum. Many muscles, which
pass from the spine to the skull, and serve to keep the head
erect, are attached to the outer surface of the occipital bone.

The Parietal bones form the greater part of the vertex and
sides of the skull ; they are quadrangular, flat, but slightly
curved bones, articulating with each other on the top of the
skull, joining the occipital behind, the frontal in front, and the
temporal and sphenoid below.

The Frontal forms the forehead, and the upper part or roof
of the orbits;: between the two orbits the root of the nose is
placed.

The Temporal bones are placed one on either side of the skull,
and have the opening of the ear passing into them. From their
outer surface a thin bow of bone, the ‘zygoma,’ passes like
a flying buttress from the side of the skull to the cheek bone.
The internal ear is also contained in the temporal bone, lodged
in a pyramidal process, which passes inwards towards the mid-
dle line of the base of the skull, the apices of the two pyramids
being only separated by a narrow stem of bone, the sella turcica,
half-an-inch in width.

The bone behind the opening of the ear is called the mastoid,
the part above the squamous, and the pyramidal process the
petrous bone. The relations of the different parts of this bone
to the organ of hearing, which is intercalated between the oceci-
pital and the parietal segments, are full of importance, and
must be specified. The upper part of the pefrous portion, seen
from within, surmounts a little depression of the middle ear,
the ‘fenestra ovalis,” and is called pro-otie (wod, before oic, wréc,
the ear). The lower part of the petrous portion, seen from
beneath, and hollowed by the carotid canal, forms the lower
boundary of the fenestra ovalis, and is called opisthotic (dmiate,
behind). The mastoid portion, which also contains the superior
semicircular canal, is the epiotic (i=i, above).

The Sphenoid (s¢hv, a wedge), is often likened to an animal
with a small body, two depending legs, and two pairs of
wings. The body is ossified to the occipital bone behind, and
joined to the Ethmoid in front ; it is hollowed out into a pit

~called the selle fwrcica, which lodges the pituitary body ; the

legs are the pterygoid processes; they form buttresses behind
the posterior nares, and serve to lodge the pterygoid muscles,
which are powerful muscles of mastication. The wings spread
' K
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out on either side : the greater form part of the sides of the
skull, and also the outer wall of the orbit ; the lesser, placed at
the base of the skull, support part of the anterior cerebral lobes.

The Ethmoid (4tpoc, a sieve), is placed in front of the Sphenoid
bone ; it forms the septum of the nose and contains the organ
of smell. Tts upper eribriform plate is placed at the base of the
skull, the central plate which hangs down is the wvertical plate,
the delicate sieve-like bones on either side are the superior and
middle turbinated, and the outer smooth surfaces the ossa plana.
The latter forms the chief part of the inner wall of the orbits.

The face consists of fourteen bones—two single, and six double.
The Maxillary bones, called in Anthropotomy superior mazillary,
form the chief part of the upper portion of the face. They
complete the margins of the orbits and of the nose, they form
the upper jaw, and lodge the upper teeth, they form a large part
of the cheek, and contain a large cavity in their interior called
the Antrum of Highmore.

The malar or jugal bones form the prominences of the cheeks,
articulating with the zygoma, the frontal, the sphenoid, and the
superior maxilla.

The Lachrymal bones are small bones developed from mucous
membrane, placed on the inner wall of the orbit, and hollowed
out by the lachrymal duct.

The Nasal bones form the bridge of the nose.

The Palate bones are placed at the inner and back part of the
maxillze, entering into the formation both of the roof of the
palate and the floor of the orbit ; they are wedged between the
maxillee and the pterygoid processes.

The womer is a single median bone, regarded by some as
being one of the true cranial bones ; it is shaped like a plough-
share, articulates with the sphenoid behind, and runs forwards
between the nares, completing the partition between the two
with the assistance of the ethmoid, and the triangular cartilage

in front.
The Inferior turbinated bones are curled bones placed in the

nostrils on either side of the nasal process of the maxillee.

The Mandible, or as it is called in Anthropotomy, Inferior
Mazxilla, is a single bone, and forms the lower jaw ; it lodges
the teeth, and is articulated by a movable joint to the temporal

bone of the skull.
Now looking upon the cranial skeleton as made up of vertebre,

the bones of the skull belong to the neural arches, and the
bones of the face to the hsemal arches of the typical vertebra.
There are then four cranial vertebrz, each lodging a distinct
part of the nervous centres, and termed from behind forwards,
the occipital, parietal, frontal, and nasal vertebree ; the corres-
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ponding portions of encephalon being termed epencephalon, mes-
encephalon, prosencephalon, and rhinencephalon.

The neural arch of the occipital vertebrze consists of a cen-
trum, the basi-occipital, two neurapophyses, the exoccipitals, a
neural spine, the superoccipital, and two diapophyses, the par-
oceipitals. In man all these are blended into one bone, the
occipital. The hsemal arch of this same vertebra consists of
the pleurapophyses, the supra scapula, and scapule, and the
hemapophyses, the coracoid bone. The whole arch is called
the scapular arch, and supports the upper limb, which is thus
supposed to be appended to the occipital bone, such being
actually the case in many Fishes.

The neural arch of the parietal vertebra consists of a centrum,
the basisphenoid, which is connected by bone with the basi-
ocecipital ; two neurapophyses, alisphenoids, the neural spine,
the parietal, and two diapophyses, the mastoid bones (which in
many animals are quite distinet from the other parts which go to
form the temporal bone of man). The ear-case is wedged between
this segment and the occipital vertebra. The heemal arch consists
of a double pleurapophysis, the separate pieces being called (in
fish), the stylohyal, and epihyal, a hemapophysis, or cera-
tohyal, and a heemal spine, the basihyal. Fish very often
develope a bone in front and behind this basihyal, the former of
which 1s ealled the glossofiyal, and the latter the fu-m{r,yﬂ [. The
entire heemal arch is called Hyoidean, because it supports the
hyoidean apparatus.

The neural arch of the frontal vertebra consists of a centrum,
the presphenoid, two neurapophyses, the orbifosphenoids, a neural
spine, the frontal bone, and two diapophyses, the post frontals.

The heemal arch consists of a pleurapophysis, which in Fish is
subdivided into an upper part, called epitympanic, a central, or
mesotympanic, a fore, or pretympanie, and a lower, or huotym-
panic. No other class of vertebrates have such a complicated
hsemal arch as this ; in most, indeed, the pleurapophysis con-
sists of a single bone. The hsemapophysis, which succeeds the
pleurapophysis, is likewise divided into two, the first called the
articular, and the second the dentary bone. The latter in Fish
supports another bone called the angular. The entire hsemal
arch is called mandibular, because it forms the lower jaw ; in
fishes 1t supports the opercula, or gill-covers.

The nasal vertebra is probably not a vertebra at all, if the pre-
ceding even is one: atleast development supports the belief that
the cranial vertebrae stop at the parietal segment, inasmuch as
the notochord, from which the vertebra are all developed, only
extends as far as the sella turcica of the vertebrate skull, and

K 2
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stops short of the entire segment known as the frontal vertebra.
Considering, however, for the sake of uniformity, that the
nasal vertebra is a reality, its neural arch consists of a centrum,
the vomer, two neurapophyses, the prefrontals, and a neural
spine, the nasal bones. The haemal arch of pleurapophyses, the
palatines, a heemapophysis, the mawillary, and a hsemal spine,
the premaxillary bone. The hsemal arch is called maxillary,
and supports the pterygoid bones as appendages. The three
sense organs—the nose, or rather olfactory region, the eye, and
the ear, are intercalated between the bones of the brain case.
1. The olfactory mucous membrane ossifies into the furbinals,
and is placed beneath the nasal vertebra. 2. The eye capsule,
formed by skin, between the frontal and parietal bones; and
the ear, enclosed in the periotic capsule, between the parietal
and occipital vertebrse. The eighth nerve always passes out of
the skull immediately behind the periotic capsule, the fifth
always just in front. In mammals, the lower jaw articulates
into the skull directly, but in Birds and Reptiles a bone called
the quadrate intervenes between the mandible and the skull.

Some naturalists, rejecting the vertebrate theory of the skull,
see in the so-called hsemal arch of the frontal vertebra the
homologue of the bones of the middle ear; with them the hyo-
tympanic is the incus, the articular bone is the malleus, the
mesotympanic the stapes, and the pretympanic the orbicular.
Others again rejecting this theory yet recognise in the incus the
08 quadratum.

Again, the paroccipital is believed by many to be the homo-
logue of the mastoid and the so-called mastoid is identified with
the squamosal bone.

The post-frontal is not represented in human anatomy. Be-
sides these bones there are many dermic facial bones in fish and
other vertebrates, sometimes, as in the gurnard, forming a com-
plete case ; even in man one of these dermic bones is present,
viz., the lachrymal.

Placing them tabularly then we should have the following
arrangement of elements in the four cranial vertebrze which we
have now reviewed. (See Table on next page.)

The Appendicular Skeleton is composed of the scapular arch,
which supports the fore limbs, and the pelvie arch, to which the
hind limbs are attached. The scapular arch or shoulder girdle
in Man consists of the scapula or shoulder-blade, and the clavicle
or collar-bone; but in most vertebrates there is a third important
element, the coracoid bone, which in Man has become a small
process of the scapula, called the coracoid process.

Still regarding Man as the type, we notice that the scapula is
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a flat triangular bone slung loosely among the muscles of the
back lying on the back of the six upper ribs and supporting the
humerus externally by a large socket, the glenoid cavity. A
prominent buttress, the spine, traverses the back of the scapula,
and rises into a prominence externally, the acromion process,
which overhangs the shoulder-joint and articulates with the
clavicle.

The Clavicle is a slender bone serving to keep the shoulders
apart, and extending between the sternum and the acromion
process of the scapula.

The upper limb consists of a humerus or arm-bone, two bones
of the forearm, the radius and ulna, a wrist or carpus, a meta-
cairpus, and of phalanges or fingers.

The Huwmerus is a long bone with a round head above, lodged
in the glenoid cavity, an expanded and flattened lower ex-
tremity, presenting a trochlear or pulley-like surface for articu-
lating with the ulna, and a small head or capitellum for the
radins. A slightly twisted shaft connects the extremities : at
the upper part of the shaft two rough eminences, or bosses of
bone, are placed called the greater and lesser tuberosities ; these
give attachment to the rotator or rolling muscles of the arm :
the greater being placed on the radial, and the lesser on the
ulnar side of the limb. The outer surface of the humerus at its
lower part gives origin to the supinator and extensor muscles of
the hand : the internal surface to the pronator and flexor museles.

The Radius is the outer bone of the forearm : it has a small
head above where it articulates with the humerus, and a large
expanded surface below where it forms the chief part of the
surface for articulation with the wrist. A small but prominent
tuberosity is placed at its upper part on the ulnar side, called
the bicipital tuberosity for the insertion of the biceps muscle.
The radius can be slung round the ulna, carrying the wrist with
it ; when it is so slung that the palm of the hand looks down-
wards, the movement is called pronation ; when slung in the
opposite direction so that the palm looks upwards, the action
is styled S‘tcpmatwn

The Ulna is the inner and larger bone of the forearm, form-
ing the entire prominence of the elbow above, but is very small
below and separated from the wrist-joint by a small interarti-
cular fibro-cartilage.

The Carpus, or wrist, is composed of eight little bones, dis-
posed in two rows, the upper bones being called from the radial
to the ulnar side, scaphoid, semilunar, cuneiform, and pisiform,
and the second row in the same direction, trapezium, trapezoid,
os magnum, and unciform. It is now held, however, that the
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typical arrangement of the carpus is for it to consist of nine
bones, one being central, and having three above it and five
below. Such, for example, is the case in the Tortoise, the central
bone is called os centrale, the three upper, beginning at the radial
side, scaphoid, lunare, and cuneiform, and the five lower, tra-
peziwm, trapezoid, os magnwm, and vnciform, which last is divided
into two. The Metacarpus is composed of five long bones which
articulate with the wrist posteriorly and with the phalanges
anteriorly ; they give attachment to the muscles of the palm of
the hand and of the thumb and little finger. The Phalanges
also consist of five sets, each finger having three, a proximal, a
median, and a distal phalanx, except the thumb, which has but
two ; unless, as is indeed likely, the thumb has no metacarpal
bone, in which case it would possess the full complement of
phalanges.

The Pelvic arch is composed of three bones,
the Iliwm, Ischiwm, and Pubes, soldered to-
gether, and of the Sacrum ; together they form
the strong bony basin or Pelvis, which sup-
ports the lower limbs. The Pelvic arch, unlike
the Scapula, is not loosely slung among the
muscles of the back, but is firmly articulated
to the spine. The [lium forms the flanging
part of the hip; the Ischium is the lower part
of the bone, on which we rest in sitting; and
the Pubis is the smallest part of the bone,
placed in front, and meeting its fellow of the
opposite side at the symphysis : this pubic bone
supports the external organs of generation. All
three meet to form the deep cup of the ace-

Fig, 41.

- . : ; FOUE-FOOT OF A
tabulum or cotyloid cavity, with which the Cmevoxiax RerriLe.

thigh bone is articulated. The lower limb a. Ulna. & Radius.
consists of the Femur, the Tibia and Fihula, & oopede o

Cuneiform vel ul-
a Tarsus, a Metatarsus, and Phalanges. nare, . Lunare vel

. p intermedium. f.
The Femuwr, or thigh-bone, is the longest  Scaphoid vel radi-

bone in the body. It has a globular head, a  2le g- Trapezium.
slightly-twisted - shaft, and ga, flattened :31~ ilﬂTgﬁ?l?glzu T DL
panded inferior extremity which enters into  ¥ided nuciforme.
the composition of the knee-joint. Just below the head two
prominences are placed, larger than the corresponding humeral
elevations, and called the greater and lesser trochanters; the
greater is placed on the outer or fibular side, the lesser on the
inner or tibial side. The flattened expanded ends of the
Femur are called, like the corresponding processes of the
Humerus, the external and internal Condyles.
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The T'ibia is the inner and much larger bone of the leg: above,
together with the Femur and Patella, it forms the knee-joint,
the Fibula not forming any part of the joint, below it forms the
inner ankle, and articulates with the upper surface of the astra-
galus. The Fibula, or splint-bone of the leg, is placed on the
outer side ; it is a very slender bone, not entering into the knee,
but forming the whole of the outer ankle.

The Tarsus is formed of seven small bones ; the astragalus
articulates with the Tibia, the scaphoid in front, and the os caleis
below ; the scaphoid articulates anteriorly, with three cuneiform
bohes which support an equal number of metatarsal bones ; the
os caleis, which forms the heel, is connected anteriorly with the
cithoid, which supports the two outer metatarsal bones.

The Metatarsal bones and the Phalanges are similar in number
and arrangement to those of the upper extremity.

Fjgi- 'i? .

HIXD-FOOT OF AN AMPHIBIAN,
. Fibnla. &. Tibin. ¢ Centrale. . Fibunlare. e Intermedinm.

f. Tibiale. g, A, i, &, 1. Distal tarsalia, I IL 1L IV. V. Digits.

As has been stated already, Owen teaches that the limbs are
appendages to the skeleton, the scapular arch supporting the
pectoral limb being the hsemal arch of the first or occipital
vertebra. Mr. Parker, however, in his illustrious monograph,
appears to have disproved this theory, and demonstrated the
fact that the shoulder girdle, consisting of the scapula behind,
the coracoid bone in front, and the sternum in the middle, really
belongs to the true endoskeleton, while the clavicle and inter-
clavicle are merely membrane or dermic bones. He further
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shows that the bones uniting the scapular arch to the cranium,
and called the supra-scapula and scapula, are also dermic bones,
which he calls post seapula and supra clavicle ; the coracoid also

~ is dermic, and this he styles the clavicle, while the veritable sca-

pula and coracoid are found in small cartilage bones further re-
moved from the skull and called by Owen the radius and ulna.

The appendicular skeleton, like the axial skeleton, is divided
into pre-axial and post-axial parts which in the upper limb are
thus arranged.! Taking man, e.g., when the thumb is directed
forwards and the limb hangs down, if a line be drawn from the
middle of the glenoid cavity of the scapula to the end of the
middle finger, all in front of this line is pre-axial and all behind
post-axial, The same bones which are pre-axial and post-axial
in man are pre-axial and post-axial in all other vertebrates, but
their apparent position may be altered by a twisting of the limb
taking place during development.

By this we find that the greater tuberosity of the humerus,
half the shaft and the outer condyle, the radius, the scaphoid
and lunare, trapezium, trapezoid, and os magnum, with the
corresponding metacarpals and their digits, are pre-awial; while
the lesser tuberosity of humerus, inner condyle, ulna, cunei-
form, and two metacarpals and two digits are post-axial. The
ilinm, ischium, and pubes correspond to the bones of the sca-
pular arch thus: Ilium is homologous with scapula, ischium with
coracoid, and pubes with the clavicle. Looking at the appendi-
cular skeleton of the lower limb, we find that the lesser tro-
chanter and the inner condyle of the femur with the intervening
shaft, the tibia, the astragalus and scaphoid, the three cunei-
form bones, and the three corresponding metatarsals and digits,
are all pre-azxial, while the greater trochanter, and outer condyle
of femur, the fibula, the os calecis, the cuboid, and the two
outer metatarsal bones and digits are post-axial.

Homologies of these bones.—The femur corresponds to humerus;
tibia to radius; fibula to ulna; os calcis and astragalus to scaphoid
and lunare ; scaphoid of foot to os eentrale of hand when pre-
sent ; cuboid to cuneiform ; the internal cuneiform to trapezium;
middle to trapezoid; and the external to os magnum. The
metacarpal and metatarsal bones, and the phalanges of the
upper and lower limbs are all homologous.

I In considering the pre-axial and the =pine: all in front of this line is
post-axial parts of any vertebrate a  pre-axial, all behind post-axial.
line must be drawn at right anglesto
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CHAPTER XXII.

MuscULAR SYSTEM OF VERTEBRATA—DEVELOPMENT OF NOTOCHORD
AND SKELETON.

Muscles of Vertebrates.—The muscles of Vertebrata, which
are supplied by the cerebro-spinal system of nerves, are all of
the striated or voluntary kind. Although their arrangement
is extremely complicated in the higher classes, yet they present
some features in common, to which brief attention will here be
called. The muscles, broadly speaking, are arranged round
two principal axes, the axial skeleton and the appendicular
skeleton. The axial muscles spring at their developmental
origin from the proto-vertebrae ; they correspond in number to
the vertebral segments, and are called myocommas or myotomes.
In most of the Vertebrate classes this arrangement is only
clearly traceable at an early period of development; but in
Fishes it is preserved in its primitive simplicity throughout the
whole of life. These trunk-muscles are divisible into those
above the axial skeleton, epaxial, and into those beneath it,
hypaxial muscles. Throughout the Vertebrata the muscles of
the back (erectors of the spine for the most part) belong to the
epaxial set, and the parietal muscles of the abdomen and chest
to the hﬂmaxml set.

Approaching the head, we find that the mandible is depressed
by the digastric muscle, and occasionally—as e.g. in man by
muscles, genio-hyoid, mylo-hyoid—passing from the hyoid vein
to the under surface of the chin ; the lower jaw is raised by
the temporal, masseter, and pterygoid museles. The facial
muscles proper are cutaneous muscles and not connected with
the axial skeleton. In regard to the trunk, the erectores spine,
with their numerous prolongations, constitute the epaxial
muscles, while the hypaxial series are the anterior recti, longus
colli, transversalis abdominis, psoce, and probably the diaphragm
and levatores and.

Muscles of Appendicular Skeleton.—The muscles of the limbs
are arranged dorsally and ventrally, supposing the limbs to be
extended at right angles to the trunk, and are divisible into a

%
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pre-axial and a post-axial set ; i.e. all those muscles which in
man are superior and in quadrupeds anterior to a line drawn
at right angles to the axis of the trunk are pre-axial, all those
which are inferior or posterior are post-axial. The pre-axial
muscles are the following : cleido-mastoideus, from mastoid bone
to clavicle ; frapezius, from occiput to cervical and dorsal
spines ; rhomboidei, from dorsal spines to scapula ; recti abdo-
minales, from pubes to sternum ; obliguus externus, from ilium
to ribs ; erector spine, from ilium to vertebree, and the psoas
parvus, from pubes to bodies of vertebree.

Speaking of the limbs more particularly, the following are the
pre-axial muscles of the upper limb. Latissimus dorsi, from
lumbar and dorsal spines to groove at upper part of humerus ;
delfoid, from scapula and clavicle to outer part of humerus ;
supraspinatus, from upper part of scapula to greater tuberosity
of humerus ; infraspinatus and feres minor, from lower part of
scapula to greater tuberosity; triceps extensor cubiti, from scapula
and humerus to upper part of ulna ; and beyond this, the supi-
nators and extensors of the forearm and hand. The following
are the post-axial muscles of upper limb : pectoralis major, from
clavicle and sternum to the upper part of humerus below
lesser tuberosity ; coraco-brachialis, from the coracoid bone or
process to the inner surface of shaft of humerus ; biceps flexor
cubiti, from upper part of glemoid cavity and coracoid process
to the tuberosity of the radius; brachialis anticus, from the
front of humerus to the upper part of ulna ; and below this the
pronator and flexor muscles of the forearm and hand.

Lower Limb.—Pre-axial Muscles : Gluteus maximus, from
ilium and sacrum to the outer and back part of femur ; tensor
vagine femoris, from the ilium to the outer part of fascia lata
of thigh and to the fibula : quadriceps extensor cruris, from the
ilium and femur to the patella and tibia ; to these succeed the
extensors of the leg and foot. Post-axial muscles: pectineus
from the pubis to the inmer part of femur: adductors, from
the pubis to the femur; obfwrators, from the ilium to the
upper part of femur ; the biceps, semi-membranosus and semi-
tendinosus, from the tubeérosity of the ischium to the back part
of tibia, and fibula ; the popliteeus, from outer condyle of femur
to back of tibia, and the flexor muscles of the leg and foot.

Homologies of these muscles.—The homologies of the muscles
of the upper and lower limbs is a difficult subject, and one
which has of late received much attention. The following are
the most important facts which have been made out as to the
homologous muscles of the two limbs :
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Latissimus dorsi of arm is homologous to  Gluteus marimus of leg
Pectoralis major o - Pectineus
(Psoas magnus, Pyriformi, and
Femoro-coceygeus are without

homologues )
Deltoid 2 et Tensor vagine femoris of leg
Supra-spinatus & fliacus
In;“m spinatus, and Teres Gluteeus medius et mintmus -

{bubsmpm’m is has no homﬂlague}
Triceps and Supinator brevis of arm are homologous to Quadriceps
extensor of leg

Biceps of arm is homologous to Sartorius and Gracilis

Supinator longus of arm is homologous to  Semimembranosus and Semi-
tendinosus

Brachialis anticus > H Short head of Biceps cruris

Pronator radii teres  ,, o Popliteus

Fatensor communis dtgi.mrum o Extensor longus digitorum

Fatensor carpt winaris ,, 23 Peroneus tertius

Flexor longus pollicis ,, o Flexor longus hallucis

Flexor profundus digitorum 5 Flexor longus digitorum

Palmaris longus o i Plantaris

Flexor carpi radialis ,, B Tibialis posticus

Flexor sublimis digitorum : (rastrocnemius and Soleus

Development of Vertebre.—At a very early period the embryo
is composed of three layers, an upper epidermic, an inner
mucous, and a middle serous coat ; from the upper are developed
the medullary portions of the brain and spinal cord and the
integument of the body ; from the inner layer the alimentary
canal and its dependencies are formed ; and from the middle
are developed the skeleton, the muscular and vascular systems,
and many other parts of the body.

The upper part of the middle and contiguous upper layer
very early presents a median longitudinal depression, the
primitive vertebral groove, from each side of which a fold passes
upwards, converging towards its fellow, which it finally meets,
s0 as to enclose a canal, at the bottom of which the chorda dorsalis,
or notochord, is laid down. The folds are called the lamine
dorsales, and the tube the newral canal. Two folds similar to
these laminge dorsales pass downwards, and finally unite to
enclose a much larger tube than the neural canal ; this tube en-
closes the alimentary canal, which indeed is formed by a splitting
of the lamine ventrales, as the two inferior folds are called.

The notochord and the inner part of the lamine dorsales next
become studded with little blocks of cartilage, which appear first
at the cephalic end, and from which the future vertebrme are
formed : these cartilaginous blocks are called primitive or pri-
mordial vertebree, and from them are developed the ribs where
they exist, and throughout their whole extent the central part of
a pair of spinal nerves and the contiguous spinal muscles, as
well as the greater part of the vertebra themselves,
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Finally, the notochord is converted into bone, forming the
bodies of the vertebrz, except where it persists as the pulp in
the interior of the intervertebral fibro-cartilages which is inter-
posed buffer-like between the bodies of contiguous vertebra.
The transverse processes and articular processes arise by
separate centres of ossification, as does also the odontoid process,
which is, as before stated, really the separated body of the
atlas. During development a series, generally four in number,

Fig, 48.

( From Mivarl.)

1. Diagram of the development of the tronk and its skeleton, as shown in
a section made at right angles to the trunk's long axis. a. Neuaral
canal. ¢ Epaxial cartilages rising nup to form the primitive vertebral
groove and finally surronnding the neural canal. e. Paraxial cartilages
descending in the plate or layer g, external to &, the plenro-peritoneal
cavity. 7. Internal plate of the split ventral laminge, 2, Diagram
of the forther development of the Trunk, as shown in a section
similar to the last. a. Epaxial arch. 5. Hypaxial arch, descending in
the median line in the root of the inner part of the split wall of the
ventral laminse. ¢. Ribbifurcating proximally and abuntting ventrally
against the sternum, which thus completes the paraxial arch. d. The
pleuro-peritoneal space. e. Alimentary canal, supported by a mesentery
formed by the dorzal portion of the inner parts of the split walls of the
embryonic ventral laminze.

of so called visceral arches appear, parallel and posterior to the
mouth, the spaces between which deepening into profound
grooves form the visceral clefts, which serve to establish a free
communication between the pharynx and the external medium.
Their further development varies in the different vertebrate
classes,

Reproduction of Vertebrata.—The reproduction and develop-
mentof Vertebrata are deseribed in Chapters XXXV.,, XXXVI.,
and XXXVII.
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CHAPTER XXIII.
GEXERAL CHARACTERS OF SKELLTON, ETC,—SCALES oF Fism,

Class I. PISCES.

Definition,—Pisces live in water, and breathe by means of
gills. The heart consists of two cavities only, and is respiratory
in character. An auricle receives the impure blood of the body
and propels it into the ventricle, whence it is pumped through
a vessel which divides into four or five branches, to the gills ;
here it is purified by being brought into contact with the oxygen
dissolved in, but not chemically combined with, the water, and
being re-collected by the branchial veins, it is poured by their
convergence into a large vessel which runs along the dorsal aspect
of the alimentary canal, and corresponds to the aorta ; by this
it is transmitted to the entire body, except the gills. The body
1s covered with scales. The limbs are modified into fins, The
primordial renal organs, corpora Wolffiana, persist through life.
The kidneys are not divisible into cortical and medullary por-
tions, but consist of cortical substance only ; the ureters open
into a cloaca common to themselves and the rectum. The kid-
neys receive a supply of venous blood, just as the liver does.
The cerebral part of the nervous system is but slightly developed,
and affords a clue to the plan of construction of the vertebrate
brain. It is arranged as an antero-posterior chain of ganglia,
called from before backwards, rhinencephalon, prosencephalon,
mesencephalon, and epencephalon. We are able to discover, from
the simple character of fishes’ brains, the true arrangement of
the elements of the brains of all vertebrate animals, whose
brains differ from each other solely by the greater comparative
development of one or another of their cerebral ganglia. The
first pair of ganglia compose the olfactory lobes, the second con-
stitute the cerebral hemispheres (or their earliest and most con-
stant elements, the corpora striata), the third are the optic lobes,
and the fourth compose the bilaterally symmetrical medulla
oblongata, upon which rests a single lobe, the representative of
the cerebellum. No external organ of hearing or tympanum
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exists, but a vestibule and semicircular canals are present. A
lymphatic and lacteal system exists in all fishes except Amphi-
oxus. The lymphatics are not very numerous, but contractile
dilatations exist in connection with the jugular vein in many
fishes, which are termed ‘lymphatic hearts.’

Besides the modified limbs which form the pectoral and ven-
tral fins, and which are always double, there are median single
fins, forming the dorsal and anal fins, and which are probably
developed from the exo-skeleton. They always consist of two
sets of bones, inferspinous bones, which articulate with the neural
and hsemal spines, and fin rays, which are connected with the
extremities of the former.

Fig. 44.

SKELETON OF A PERCH, ' (Perca fluviatilis.)

a and b. Dorsal fin. e¢. Pectoral fin. d. Ventral fin. e. Analfin, f. Candalfin,

The nostrils form (except in Lepidosiren and the Myxinoids)
culs-de-sae, not communicating with the pharynx.

Skeleton of Fishes.—We will now proceed to examine a little
in detail the skeleton of Pisces.

In the Lancelet there is no vertebral column, but the tapering
cylindrical cellular rod, the notochord, is persistent throughout
the life of the animal. Many fishes possess a skeleton entirely
composed of cartilage, others one in which cartilage is blended
with bone, and others again possess a complete osseous skeleton.

Vertebral column.—The trunk vertebree are only divisible into
dorsal and caudal vertebrse. The body of each vertebra is
cupped both in front and behind (amphiceelous), except in the
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bony pike, in which fish the anterior part of each vertebra is
globular, and is received into a socket on the posterior aspect of
the succeeding vertebra, to which state of things the term opis-
thoceelous 1s applied. The spine possesses a neural arch through-
out its length which lodges the cord, and a hsemal arch at its
tail end for the protection of the principal blood-vessel or aorta.
'There 1s no sternum, the ribs being plunged among the lateral
muscles. Connected by ligaments to the neural spines are a
series of dagger-shaped bones, ¢the handles towards the hand,’
when raising a fish by the dorsal fin, connected with, or deve-
loped from, the integumental system, hence belonging to the
exoskeleton, and called the inferspinous bones. These bones
support the median dorsal fins by the so-called fin rays, which
latter are either single hard bones, or many soft slender pieces
joined together. The fins which these bones support are always
median and single; one is generally dorsal; another is placed
ventrally and near the tail, the anal fin; and the last is the cawdal
fin or tail, which in fish is always vertical. When the two lobes
of a fish’s tail are equal, the tail is said to be homocercal, as is
the case in the majority of fish ; when, on the other hand, the
lobes are unequal, it is termed heterocercal, as in the sharks.

The skull of fishes is at first sight a very complex mechanism,
but, if carefully examined, the difficulty in a great measure
ranishes ; taking the skull of the cod as one convenient from
itssize andits procurability, we are able to make out the general ar-
rangement of the cranial bones. References to the diagrams will
materially assist the following deseription. We must preface it by
sayingthatfig. 46 represents the separated bones of the fish’s skull,
arranged, after Owen, on the vertebrate theory, and so drawn
as to illustrate the general arrangement of the cranial vertebrae
in all Vertebrata. The first segment, beginning at the spinal
end of the skull, 1s the occipital segment and is numbered I.
The second or parietal is numbered II., the third or frontal is
numbered IIL., and the fourth or nasal is numbered IV. The
neural segments are slightly shaded, the hsmal arches are in
outline. The sense capsules of the eye and ear are intercalated
respectively between the third and fourth and the first and second
cranial vertebrse. Any student may make a similar preparation
of the bones of a cod’s skull, by slightly boiling a suitable speci-
men and then macerating in water which is to be frequently
changed ; the skull in the meantime being suspended in a
muslin bag to prevent any of the small bones being lost or mis-
laid. The articulation of such a specimen would well repay the
time and trouble it takes, in giving neatness and dexterity to the
student.
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Appendicular Skeleton. The full complement of four limbs are
not always present, but when present they form the pectoral
and ventral fins. The pectoral fins, or fore limbs, are appended
to the occipital bone by the scapular arch, which has been
already described. The fin generally presents a short, strong
humerus, to which two parallel bones succeed, homologues of

BEvLL oF Con (Morrhua vulgaris).

1. Supra-occipital. 2. Parcccipital. 3. Mastoid. 4. Presphencid. 5. Nasal.
6. ¥Frontal. 7. Postfrontal. 8. Prefrontal. 9. Lachrymal. 10. Dermic
bone, the Supra-temporal. 11, Premaxillary. 12. Maxillary. 13. Dentary.
14, Tympanie. 15, Preopercular. 16. Dermic bone. 17. Entopterygoid.
18. Pterygoid. 19. Articular. 20. Angular piece. 21. Interopercular.
22, Subopercular. 23. Opercular. 24. Ceratohyal. 25. Basihyal. 26.
E;mhzrﬂl. 27. Epihyal. 28. Branchiostegal rays. a, b, and ¢, are dermic

nes,

the radius and ulna, which are succeeded by a great many small
ossicles, the representatives of the carpus in higher animals,
and in fishes bearing the fin rays, which may be looked upon as
made up of metacarpals and phalanges.
The pelvic arch is sometimes placed close beneath the pectoral
fins, when it is attached to the coracoid bone ; in this case the
L
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ventral fin is said to be jugular or thoracic in position. When
the fin is placed at the hinder part of the body, it is said to be
abdominal. The pelvic arch is often entirely absent, but when
present it consists of two strong bones, the ischia, which are
suspended among the muscles of the trunk ; to these ischia the

Sipe VIEW OF THE DISARTICULATED SEULL OF A Cop, To ILLUSTRATE THE
VERTEBRATE THEORY OF THE SKULL.

( From Owen.)

The Hamal arches H. H. in ontline. 1. Basi-occipitale. 2. Exoccipitale.
3. Bnpra-occipitale. 4. Paroccipitale. 5. Basi-sphenocidenm. 6. Alisphe-
noideum. 7. Parietale. 8. Mastoidenm. 9. Presphenoidenm. 10. Orbito-
sphenocidenm. 11. Frontale. 12, Post-frontale. 13. Vomer. 14. Pre-
fromtale, 15, Nasale. 16. Petrosum. 17. Scleroticum. 18, Ethmoturbinale.
19. Torbinale. 20, Palatinnm. 21. Maxillary. 22. Premaxillary. 23.
Entopterygoidenm. 24. Pterygoideum. 25. Ectopterygoideum. 26. Malar.,
27. Sguamosnm. 28, Tympanicum. 29. Articulare. 30. Angulare, 31.
Spleninm. 32. Dentarinm. 29 to 32. Mandibnlare. 4. Preopercuolom,
35. Operculum, 36. Suboperculum. 37. Interoperculum. 38, Stylohyale.
49, Epihyale. 40, Ceratohyale. 41. Basi-hyale. 42, Glossochyale. 43.
Urohyale. 44, Branchiostegum. 46, Thyrohyale, &0. Suprascapula.
51, Scapula. 52, Coracoideum. 53. Humerus. ©64. Ulna. 55, Radius.
56, Carpns. §7. Metacarpns. 58. Clavicula.

fin rays are directly appended without the intervention of any
representatives of the thigh or leg bones.

The exoskeleton of fishes is composed of scales.

Scales of Fishes.—The scales of fish differ from other integu-
mental growths in being dermic rather than epidermic produc-
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tions. Nails, hair, teeth, and feathers are developed from the
upper layer of the derm, but scales are developed within the
substance of the derm itself. Each scale consists of three layers,
(1) an outer layer of homogeneous plates, which are generally
arranged circularly with the smaller ones at the apex, and the

larger at the base ; (2) a middle calcareous layer, containing all
the dense parts of the scale ; and (3) an inner fibrous layer, the

fibres being arranged at various angles to each other. In the
ganoid scales we find a structure like true bone forming the
basis of the scale, and this is coated with the glistening ganoin.
A series of canals run through the scales both longitudinally
and at right angles to each other ; these tubes answer the pur-

VARIETIES OF FISH SCALEE.

a. Ctenoid scale, & Cyecloid scale. ¢, Genoid seale. d. Placoid scale.

pose of sudoriparous and sebaceous glands. In the placoid
scales a series of dermic teeth are commonly found, which on
section closely correspond to the structure of dentine in true
teeth.

There are four principal varieties of fishes’ scales—1. Cyeloid,
2. Ctenoid, 3. Ganoid, and 4. Placoid.

1. Cyecloid (xix)oc, a circle) scales are the most frequently met
with of any kind. They are circular or elliptical in shape, gene-
rally of a silvery lustre, and are thin and flexible. The perch is
an example of a fish possessing cycloid scales. :

2. Ctenoid (xreic, a comb) scales are thin flexible scales, gene-
rally less glistening than cycloid scales, and having their posterior
margins furnished with a comb-like fringe of toothed processes.

The sole possesses ctenoid scales.
L2
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3. Ganoid (ydroc, brightness) scales are generally larger than
the preceding, and consist of an under dermic layer of bone,
and a superficial enamel-like coating, which constitutes the
so-called ‘ganoin.” Most ganoid fishes are extinct, but the
Lepidosteus is an example of a fish still possessing such scales.

4. Placoid (r\af, a flat plate) scales are formed of bony
granules, or tubercles, or plates, the plates being often furnished
with spines. The shark tribe possess placoid scales.

In addition to these scales most fish possess a series of small
scales running along the side of the body, and called the ‘lateral
line.” Kach scale is perforated in its centre by a tube, which is
connected with a subdermic longitudinal tube, which runs along
the whole length of the body, and is connected with cavities in
the head. This system 1s concerned in secreting the mucus
which lubricates the scales, and enables the fish to move through
the water with little resistance from friction.
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CHAPTER XXIV.

OrpERS oF PIsces.

Fisues contain the following orders :(—

Order 1. Pharvngobranchii (Cirrostomi—Leptoecardia) e.g. Amphioxus.
» 2. Marsipobranchii (Cyclostomata) e.g. Lamprey.
» 3. Teleostei.
Suborder A. Malacopteri (P’hysostomata), Salmon.

- B. Anacanthani, Turbot.

= C. Acanthopteri, Wrasse.

= D. Plectognathi, Trunk Fish,

E. Lophobranchii, Sea Horses.

AR f G’Luﬂldei e.g. Sturgeon.
SR Elasmobranchia, e, g. Sharks.

Another classification of fish is the following :—

Orders Type
1. Leptocardii . Branchiostomi—Cirrhostomi Lancelet
2. Cyclostomi . Dermopteri . : {iﬁ:ﬁ;};
Sub-Orders

[1. Physostomi . . . Eel

2. Anacanthani . % « Cod

3. Pharyngegnathi H#;_’;ggeﬁsh
3. Teleostei . .4 rf*errhh

4. Acanthopteri : - 1 Mullet

5, Lophobranchii . . Pipe Fish

6. Plectognathi . . . Sun Fish
oG 1. Holostei £ : . Bony Pike

{1 Chondrostei . ; . Sturgeon
{1 Holocephali . - . Chimara

2. Plagiostomi . { %1:;1&5

5. Selachii .

We shall, however, adopt the first classification in describing
the various piscine orders.

Order 1. Pharyngobranchii (¢pdpvyE, Bpayyia, the gills), con-
tain but one member, the Lancelet, A mphioxus lanceolatus.

The Lancelet is a little fish of the size of a minnow, which
burrows in the mud of the Mediterranean Sea. It presents the
following characters :—The notochord is persistent, and runs
from one end of the animal to the other. Most of the characters
of this curious and anomalous animal are, however, negative :
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thus no vertebral column is ever developed, nor any cranium,
or brain, or heart, or auditory organs, or kidneys, or external
limbs of any kind. The mouth is a longitudinal fissure, sur-
rounded with fringed cirri, and unfurnished with a mandible.
The blood is pale, not red, and is propelled through the vessels
by a power of contraction residing in their walls. The pharynx
is perforated (which circumstance has given origin to the name
of the order), by several ciliated apertures, which serve as gills,
and so act as respiratory organs ; for this same reason the order
is sometimes called ‘Branchiostoma.” The water, containing
admixed oxygen, which is admitted to purify the blood, is ex-
pelled by an abdominal pore close to the anus. Through this
pore, too, the spermatozoa and ova both escape.

Order 2. Marsipobranchii (udpsimoc, a pouch ; and Bpayyer)
comprise the Lampreys and Hags. The skeleton is chiefly
cartilaginous ; the notochord persists ; branchiz non-ciliated and
sac-like. A heart exists, but there is no bulbus arteriosus ; a
median fin is situated at the hinder part of the body, which
-runs-round from the dorsal to the ventral aspect.

The form of the fish is round and eel-like. The mouth of
the Marsipobranchii is sucker-like ; there are no lips, but
the tongue, acting after the fashion of a piston, produces
a vacuum which, the contraction of the mouth relaxing, be-
comes filled with fluid nutriment. The Hags (Myxinidse) have
in addition a single large recurved serrated fang, situated on the
roof of the mouth ; this tooth is freely movable, and worked
by the powerful muscles of the mouth, it enables the fierce Hag-
fish to penetrate the bodies of much larger animals. The
mouth is surrounded with cirri. In the Lampreys the nasal
passages end in culs-de-sac, as in other fish ; but in the Hag-fish
the nasal sacs communicate by one aperture with the mouth, and
by another, called the ‘spiracle,” or ¢ blow-hole,” with the top of
the head.

Respiration is effected by an arrangement of plicated and
highly muscular little membranous pouches, or marsupia,
(hence the name of the order), which are placed linearly one
behind another along the sides of the neck ; these sacs open into
a dilated tube which joins the pharynx. There is no gill cover,
but little circular foramina run from the exterior to the gill sacs :
the Lampreys have six or seven of these communicating aper-
tures; the Hags only possess one. These serve as auxiliary
mouths, for when one of these creatures has fixed itself to any
object by the suctorial power of its mouth, it would be impos-
sible for it to inhale water in the ordinary manner, and there-
fore they are provided with these lateral slits in addition.



ORDERS OF PISCES. 151

Order 3. Teleostei (ré\soc, perfect; doreor, a bone) comprise
all the true osseous fishes, and is consequently very much the
largest and most important of all the Piscine orders.

The wvertebral column, except in Plectognathi and Lopho-
branchii, consists of perfectly ossified segments. The mandible
and skull too are completely osseous. Both pectoral and ventral
fins are not invariably present ; but when they are, the pectoral
limbs are always provided with clavicles. The gills are hidden by
a gill cover, and are pectinated or tufted. Branchiostegal rays are
developed. Bulbus artericsus always present. The fins when
present are sometimes supported by numerous soft rays (Mala-
copteri) or with dense single rays (Acantheropteri). The tail is
always homocercal. The exoskeleton of Teleostel varies widely ;
as a rule it is formed of cycloid or of ctenoid scales; but it may
"be quite absent, or it may, as in Ostracion, form a complete
unyielding coat of mail, or it may be, as in Balista, beset with
spines.

Teleostei generally possess teeth, which as a rule are im-
planted in the bones of the skull, but only rarely planted in
sockets: they, as a rule, consist of dentine covered with irre-
gular plates of enamel. The teeth are numerous and scattered
over many of the oral and cranial bones in some fish, as e.g. in
the Carp, extending as far back as the basi-occipital bone.

Some of the Teleostel, as e.g. the Climbing Perch (Anabas),
the Saccobranchus singio, Amphipnous cuchic and Heterotis,
possess the power of sustaining life for a long time when re-
moved from the water; this is due to their possession of
accessory respiratory organs, in the shape of tufted vascular
processes, something like external gills, or in saccular caecal
prolongations of the branchial cavity. The Blind Fish (Ambly-
opsis speleus) of the Kentucky caves, does not possess any real
organs of vision; but a lens, choroid, choroidal gland, and
cornea are present. Some of the Teleostei, e.g. the very
curious Pipe-fish Syngnathus, and other Lophobranchii, develop
integumental ventral pouches or marsupia, which serve to lodge
the young, and, according to some, even to nourish them, by a
secretion poured out from the marsupial glands.

Suborder A. MALACOPTERI (purakog, soft; wrepir, a wing)
(Physostomata) osseous fishes with soft many jointed fin-rays, and
a swimming-bladder which is furnished with a pnewmatic duct.
Scales generally cycloid, rarely ganoid. They comprise the
Apoda, and the Abdominalia, the former being destitute of
ventral fins, the latter possessing them. To the former group
belong the Eels; to the latter, Herrings, Pike, Carp, Roacai,
Dace, Barbel, Chub, Minnows, Salmon, Trout, and Sheat-fish.
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The Apoda, Eels (Murenide), are supplied with a small pair of
pectoral fins, but there are no ventral fins. They are cylin-
drical, and even worm-like, in shape, and are enveloped in a
tough hide furnished with minute deeply-sunk eycloid scales.
The gill-cover is hidden by the skin. To this group also belongs
the Gymnotus, the formidable electric eel of South America ;
nearly the entire body of this animal, often six feet in length, is
occupied by the electric organ, all the other organs being packed
together into a very little compass close to the head. A single
discharge of electricity from this gigantic battery not unfre-
quently is sufficient to destroy a horse. The Abdominalic com-
prise the greater number of living fishes: in all the skeleton is
completely ossified, and the vertebrz are always amphiccelous.
An electrical fish, the Malapterurus of the Nile, is likewise
found in this group. The Siluride, or Sheat-fishes, are in-
cluded in this division; they are remarkable for possessing
certain hollow spines, forming formidable weapons of offence,
and developed from the first ray of the pectoral fin. They are
called ‘icthyodorulites,” and can be raised or depressed at will.
Many fossil fish possessed these appendages, but the Siluroids
are the only living fish in whom they are met with.

Suborder B. ANACANTHANT («vd, without ; drxara, a thorn).
Osseous fishes with soft fin-rays, a swimming bladder devoid of a
prnewmatic duct, and ventral fins either absent or jugular in posi-
tion. There are two subdivisions, much as in the last suborder,
and called Apoda and Sub-Brachiata.

Apoda. No ventral fins. Comprise the little Sand-eels.

Sub-Brachiata. Ventral fins present. This large group in-
cludes the Cod Family, and the Pleuronectide, flat fishes, such
as Sole, Turbot, Halibut, Plaice, &e. The flat fishes owe their
singular shape to the enormous length of the interspinous bones,
which project vertically from the hsemal and neural spines.
They have no swimming-bladder, and lie at the bottom of seas
and rivers. They lie on their side, so that the surfaces are
right and left, not dorsal and ventral. The eyes are both
placed on the upper surface, and the whole parts of the eranium
strangely distorted to keep both mouth and eyes out of the
mud. No creatures possess more typical examples of asymme-
trical crania than the Pleuronectidee, an asymmetry which seems
largely due to their habits, as the eyes and mouth at birth are
symmetrical, occupying both sides of the head, and only assume
their nltimate position after a period of time, during which the
eyes and mouth gradually work over. The side on which the

flat fish lies is generally white, the upper surface generally
brown.
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Suborder C. AcANTHOPTERI (dxavfa,athorn ; =repiv, a wing).
Osseous fishes with unjointed spiny rays. Scales, generally cte-
noid. Swimming-bladder hasno pneumatic duct. Ventral fins
when present generally jugular in position. This large group
comprises the Perch, Mullet, Mackerel, Gurnard, Goby, Blenny,
Angler, and Wrasse.

Suborder D. PrrcroeNATHI (wAi¥, a flat plate ; yrdfoc, a
jaw). Comprise the Trunk fishes or Ostracionide. The endo-
skeleton is not thoroughly ossified in this aberrant growp, but the
exoskeleton is developed into a very singular and complete invest-
ment of dense ganoid armour plates. The maxillee and pre-
maxillee are anchylosed together. The File-fishes and Globe-
fishes also belong to this group.-

Suborder E. LorPHOBRANCHII (Aéfoc, a plume, Bodyyta). Sea
Horses, Hippocampi, and Pipe Fishes, Syngnathid . Branchie
arranged in plumes or tufts wpon the branchial arches. TEndo-
skeleton not completely ossified—exoskeleton of ganoid plates.
No pneumatic duct to swim-bladder. The marsupium or pouch
before referred to as being developed from the integument of
the Hippocampi is possessed by the male fish alone, who is in
very deed a mother to his offspring.

Order 4. Ganoidei. Embrace Sturgeons, Bony Pike, Poly-
pterus, and many extinet forms. The vertebral column is rarely
completely or even considerably ossified, except in one remark-
able exception, that of the Lepidosteus or Bony Pike of the
Missisippi, in which animal the contiguous vertebrse are fitted
into each other by true ball and socket joints (opisthoccelian
vertebre), and the entire column is completely ossified; no other
fish indeed has so firm a vertebral column as the Lepidosteus.

The exoskeleton is always composed of ganoid plates or scales.
These plates, as a rule, are accurately fitted to each other, like
mosaic tiles, forming a continuous coat of mail : occasionally
however they are imbricated. The Ganoidei do not, it must be
remembered, comprise all the fish with ganoid scales, several of
such fish being met with among the Teleostei. Pectoral and
ventral fins generally present : the ventral being abdominal in
position. Tail either homocercal or heterocercal. Branchise
beneath gill-cover also protected by branchiostegal rays and
branchiostegal membrane. Swim-bladder, with pneumatic duct,
always present. Bulbus arteriosus separated from ventricle by
several rows of valves. Intestine often possesses a spiral fold,
formed by a reduplication of the lining membrane,

The Lepidosteus inhabits the rivers of N. America, the Poly-
terus, the waters of the Nile—each is a ganoid of from three to
four feet in length. The Amice dre like Trout in form, and in-
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habit the fresh waters of N. America. The Sturgeons lie at the
bottom of muddy rivers in Europe and live by suction. They
have an imperfect bony skeleton, but a strong exoskeleton of
ganoid plates which protects the head and a good portion of the
body. Tail heterocercal. Notochord in a great degree persistent
through life. Neural arches cartilaginous ; no teeth ; the mus-
cular snout hanging from the mandible sucks up nourishment
from the bottom of the streams in which they lie. Some attain
a great size, e.g., the Beluga grows to twelve feet and upwards.
The roe of the Sturgeon is the caviare of commerce. A great
number of extinet fish are relegated to this order, all being charac-
terised by the possession of a large head and a tapering body,
the head alone being protected by ganoid plates. Examples,
Ptericthys, Pteraspis, Cephalaspis, Coccosteus.

Order 5. Elasmobranchii ({\asua, a thin plate; dedyye),
Sharks, Rays, and Chimers. Branchise lateral and formed of
thin plates or laminge, arranged like the leaves of a book, open-
ing externally to the water, internally to pharynx. No gill
cover, or branchiostegal rays. Skull entirely cartilaginous. Ver-
tebral column osseous, or cartilaginous, or sub-notochordal.
Exoskeleton of placoid granules and plates. Both pairs of fins
present and ventral fins placed mear the anus. There is no
clavicle. Bulbus arteriosus provided with two, three, or more
rows of valves. Intestine provided with a spiral fold of mucous
membrane which winds screw like round the intestine from
stomach to vent, and of course much increases its absorbing sur-
face. Sometimes as in the Chimerz (Holocephali) the mouth is
terminal; more frequently as in the Sharks and Rays (Plagiostomi)
it is placed, like a pig’s, on the under surface of the head, and
opens by a great transverse gap.

The Chimera monstrosa, king of the herrings, is the best known
living example of the Holocephalous division. Only one gill
shit 1s visible from without, but there are really five gills present.
Notochord persistent. ¢ Icthyodorulites’ on pectoral fins. Tail
heterocercal. ~ Partially developed branchiostegal rays and
membrane,

The Plagiostomi comprise the Sharks and Rays. The gills
communicate by five openings with the exterior and interior. No
gill cover. Skull asingle cartilaginous bone, Mouth transverse,
often armed with rows of recurved teeth which are so attached
to the mandible and adjoining oral structures by ligament as to
permit them to be pressed flat backwards by any entering guest,
but the pressure once removed, the dental porteullis springs erect
again and prevents the exit of anything or anyone who may
have entered the capacious and powerful maw. In the Cestra-
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phori, in which division we find the Port Jackson Shark, there
is a strong spine upon the joints of each dorsal fin, and the teeth
are flat, very numerous and tessellated like a mosaic pavement.
Most Cestraphori are extinet. The Selachii comprise the largest
and fiercest of the fish class ; the White Shark, e.g., attains a
length of thirty feet, and is the most voracious of living creatures,
The gills of Selachii are lateral, and the ventral fins anal. The
teeth form numerous rows, they are flat, triangular, and often
serrated at their edges. In the Batides, the Rays and Skates,
the gills are on the under-surface. The pectoral fins, especially
the terminal rays, the homologues of the phalanges, are enor-
mously elongated, and, being covered by muscles and a scaly
derm, form the chief portion of the entire animal. The Rays by
this expansion of the pectoral fins become flat fish, but, unlike
the Pleuronectidee, the surfaces are dorsal and ventral, and not
right and left. The Torpedo belongs to the family of Batidee.
In the Saw-fish, Pristis antiquorwm, the premaxille, studded
laterally with straight, strong, sharp teeth, are elongated to a
length of several feet, and constitute a very formidable weapon
of offence.

Most of the Elasmobranchii produce very few eggs, these are,
however, very carefully protected by tough leathery egg-cases—-
and so the perpetuation of the race is sufficiently secured. These
egg-cases, or ‘sailors’ purses’ as they are commonly called,
abound on most of our coasts, the tendril-like filaments which
proceed from each of the four corners serve to moor them to
sea-tangle or seaweed, where they ride safely at anchor until
the young ray, or skate, is hatched and escapes.

Order 6. Dipnot (‘ic, twice; mroi, breath), comprise the
Protopteri, or Mud-fishes, and form the true connecting link
between Pisces and Amphibia. The Lepidosiren annectens is
the best known member of this order. The notochord is per-
sistent, but the cranium and mandible are well developed.
Scales cycloid. Both pairs of limbs present. Pectoral fins
connected with the oeciput, the ventral fins placed near the tail :
the fins are small round-jointed filiform organs, not in the least
resembling ordinary fins, There is a median dorsal fin in the
form of a thin transparent membrane which extends round on to
the ventral aspect. The vertebre are ossified and about forty in
number. There are rudimentary external branchiz and internal
gills which communicate with the exterior by a single gill slit.
They also possess true lungs, their first appearance on the stage
of life, which are clearly modifications of the swim-bladder, and
which communicate with the gullet by a tube or trachea. The
nasal fosse are blind sacs, an eminently piscine characteristic.
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Clavicles present. Heart triceelian ; two auricles and one ven-
tricle. During the long droughts common in Africa the Lepi-
dosiren often remains high and dry out of the water, and then
is enabled to live a true aerial existence by means of its lungs,
returning to the water on the advent of the wet season, when
the pulmonary funecticn is again abrogated, and the animal
breathes by means of its branchize.

Dr, Giinther considers that Dipnoi form a group of Ganoidei,
and unites Ganoidel and Elasmobranchii into one order, Palze-
icthyes, characterised by possessing a contractile bulbus arte-
riosus, an intestine with a spiral valve, and optic nerves which
do not decussate.
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CHAPTER XXV.

Pursioroay oF PIscEs.

Digestion.—The jaws are the only organs of prehension which
a fish possesses. To render them as efficient as possible, both
jaws are movable, and capable of protrusion and retraction, as
well as of opening and shutting. The teeth of fishes are almost
infinitely various in number and shape. The Myxine or Hag-fish
has but one tooth, with which 1t eats its way into the vitals of
its victims. The Pipe-fish, the Sturgeon, and others, are quite
toothless. The Tench has powerful pharyngeal teeth, i.e. situated
in and about the pharynx, and one tooth on the occipital bone.
In the Shark family they are exceedingly numerous, row behind
row, and are still more numerous in the Pike tribe. The teeth
are placed on most of the bones about the head, often studding
not only the premaxillary and dentary bones, but the vomer,
the basi-occipital and basi-sphenoid, the hyoidean arches, the
super-maxilla, the pharynx, pterygoid, sphenoid, nasal bones,
and branchial arches. They are very generally anchylosed to
the bone, but in some fishes, as in the Lophius, and some Sharks,
they are attached by means of elastic ligaments, which will
allow them to be bent backwards towards the gullet, but the
pressure being removed enables them to spring into position
again. In structure they are often composed of dentine only;
but in the Diodons, and some Sharks, teeth are met with com-
posed of enamel, cement, dentine, and osteo-dentine. In shape
they are most often conical, sometimes lancet-shaped, as in the
Barracuda ; sometimes flattened at the top and arranged like a
mosaic pavement, as in the Port Jackson Shark ; sometimes
notched at the sides, as in the majority of the Shark family ;
sometimes cuneiform, as in the Parrot-Fish.

A pharynx, as has already been intimated, is peculiar to the
Vertebrata, and 1s therefore first met with in fishes. In this
class it is short, does not communicate with the nasal passages,
and leads into a short esophagus. The esophagus leads into a
true digestive stomach, which is sometimes guarded by a cardiac
as well as by a pyloric valve. The intestine is wide and short,
the difference between large and small being only indicated by
a slight constriction ; there is no ileo-ccal valve. In the shark,
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and some other fish, the digestive surface is increased by means
of a spiral fold of mucous membrane being wound round the
interior of the gut from pylorus to anus. The liver is large
Connected with the stomach are certain diverticula, like the
fingers of a glove, numerous in some, as in the Salmon, few in
others, as in the Perch, called appendices pylorice ; these are pro-
bably homologous in action to the pancreas.

Circulation.—The heart of fishes is contained within the
bones of the head ; there is no true diaphragm to separate thorax
from abdomen. The heart consists of two cavities. Its action
has been deseribed. The Amphioxus does not possess a true con-
tractile heart, but numerous contractile cavities containing colour-
less corpuscles situated in the course of the chief blood-vessels.

Respiration.—Water, containing oxygen in a state of solution,
is taken into the mouth, and thence passed through the bran-
chial arches, and so comes into contact with the blood contained
in the branchial capillaries, which rob it of its oxygen. In
addition to the gills, however, an additional respiratory organ
exists in most fishes, called the swimming-bladder. This is a
hollow musculo-membranous sac, situated close to the vertebral
column, and often connected by a small tube, the ductus pueu-
maticus, with the cesophagus or pharynx. It is covered by
‘ retia mirabilia’ of blood-vessels, and contains air, which can
be renewed, compressed, or expelled. It serves both to assist
in purifying the blood and to lighten the body of the fish. Flat-
fish and sharks do not possess a swimming-bladder. It also
probably serves, from its occasional connection with the internal
ear, as an acoustic organ, and increases the vibration of sound,

Nervous System.—The encephalon is arranged, as has already
been said, as an antero-posterior chain of four symmetrical
ganglin. The cerebral hemispheres merely form a thin grey
coating, which covers the second pair of ganglia, the representa-
tives of the corpora striata. The third pair, or optic lobes, are
the largest of all, in fishes. The two halves of the medulla are
more or less separated by an interval. There is no pons Varolii.
The cerebellum consists of a median portion only, evidently the
homologue of the vermiform process. The cranial nerves are
all present except the ninth. The fifth is large, and sends a
considerable branch, the great lateral merve, to supply all the
muscles (called myocommas) on the sides of the fish. The pneu-
mogastric supplies the gills.

The sympathetic system resembles that of man.

Even in this, the lowest Vertebrate class, the nervous system
is endowed with volition, as well as excito-motor and sensori-

motor powers.
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SENSES.

Touch.—The folds of membrane in front of the mouth, which
serve for lips, the soft parts about the mouth, and occasionally
the pectoral fins, are all liberally supplied with nerves, and
possess tactile corpuscles ; they are therefore all regarded as
organs of touch.

Taste.—The tongue is little developed in fishes, and is never
protrudible beyond the mouth. It serves more as an organ of
deglutition than of taste. The sense of taste, indeed, is scarcely
at all present.

Smell.—The olfactory nerves, which continue the olfactory
lobes to the nasal sac or sacs, are rounded cords, and do not
divide into filaments. They are distributed to the delicate
membrane of the nasal sacs. Sometimes the membrane is pli-
cated. In the Myxinoids and Lepidosirens a tube establishes a
communication between the palate and the nasal sacs.

Hearing.—The vestibule, and two or three imperfectly de-
veloped semicircular canals, are the only parts of the organ of
hearing which exist in fishes. The vestibule always contains an
otolith or two, situated in a utricle and saccule. No organ of hear-
ing exists in' the Amphioxus, which is the lowest of the fish class.

Sight.—The eyes and orbits of fishes are large. The eyeball
1s more or less flattened ; the sclerotic is very thick ; the lens is
spherical and brought close to the cornea ; all which modifica-
tions must tend to bring the luminous rays very soon to a focus,
and adapt the animal to see accurately objects at a short
distance. In addition to the ordinary tissues and humours,
the choroid contains between its layers a vasculo-pigmentary
structure, of a horse-shoe shape, called the ¢choroid gland.’
Sometimes, e¢.g. in the Sturgeon, this develops a process which
passes towards the lens ; this process is called the ‘campanula.’

Electric Organs.—Eight species of fish possess electric organs:
viz. three are Torpedoes, belonging to the Ray family ; the fourth
is the Sword-fish ; the fifth is the Tetraodon ; the sixth is the
Silurus ; the seventh is the Momyrus ; and the eighth, and by
far the most powerfully armed of all, is the Gymnotus, or
Electric Eel.

The electric organs are composed of cells, generally hexagonal,
having very large nerves connected with them. One end, or
surface, as the case may be, of the animal, is positive in its
electricity, the other is negative. If the nerves are cut, the
electrical power is at once abrogated. The cells contain an
albuminous fluid, sp. gr. 1'026.
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CHAPTER XXVL

GENERAL CHARACTERS OF AMPHIBIA—DESCRIPTION OF (ORDERS.

Class 1I. AMPHIBIA (Batrachia, Cuvier).

Definition.—Cold-blood vertebrates that breathe by means of
branchize during some period of their existence, but possess
lungs as well, sooner or later. Some possess median cutaneous
fringes, but never fin rays. The skull articulates with the spine
by two condyles. The basi-oceipital is always cartilaginous.

The nasal sacs communicate with the pharynx.

Some Amphibia retain their gills through the whole of their
life: these are called Perenni-branchiata, and comprise the
Proteus, Siren, and Axolotl; others lose their gills after a time,
and breathe by lungs only; these are called Caduci-hranchiata,
and comprise frogs, toads, and newts. The metamorphoses
which the aquatic-breathing tadpole passes through in becoming
changed into the aerial-breathing frog are as follows: The tad-
pole is, to all intents and purposes, a fish, unpossessed of limbs,
but provided with four vascular ciliated plates or branchize.
There is no tongue. The intestine is a close double spiral tube,
adapted by its length and complexity to assimilate the vegetable
food which forms its pabulum.

As soon as the gills are thoroughly developed, the lungs com-
mence as simple elongated sacs, which project backwards into
the abdominal cavity ; the:,r develop as the gills dwindle and
shrink away. The intestine becomes shorter, straighter, and much
wider, fitting the animal for a carnivorous diet. A tongue and
well-formed teeth make their appearance. The upper and lower
jaws become ossified. The limbs become gradually developed,
the fore legs first, and finally exhibit all the bones, in an easily
recognisable way, which are present in the human limbs. As
soon as these changes are complete the tail drops off, and the
animal respires air only ; in other words, changes from a tadpole
to a frog.

Amphibia possess a larynx and are endowed with powers of
vocalisation.
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The changes which the organs of circulation undergo during
the metamorphosis are considerable. The heart is at first bilo-
cular and respiratory, resembling indeed the heart of a fish,
During the development of the lungs, the pulmonary veins
begin to grow from the fourth branchial arch, and, increasing in
size, finally contain all the blood formerly sent to the gills;
after being exposed to the oxygen in the lungs, the blood is re-
turned by pulmonary veins to a separate auricle, the left, so that
the heart has now become trilocular: the single ventricle con-
tains the mixed blood, pure from the lungs and impure from
the rest of the body.

Contractile muscular saes called lymph hearts, in connection
with the lymphatic system, are always present in Amphibia.

Amphibia contains the following orders :—

Order 1. Urodela (Iethyomorpha, Saurobatrachia): example,

Newt, Proteus.

;s 2. Anoura (Batrachia, Theriomorpha, Chelonobatra-
chia) : e.¢. Frogs and Toads.

sy 9. Gymnophiona (Ophiomorpha, Apoda, Ophiobatra-
chia) : e.g. Cecilians,

s 4. Labyrinthodontia : e.g. Labyrinthodon.

Order 1. Urodela (olpd, a tail ; 8ijrec, visible) : the tailed
Amphibia. There is no exoskeleton. The tail, which persists,
is flat or round. The vertebrze are amphiccelous, or opistho-
ccelous, and support short ribs. The bones of forearm and leg
present us with the usual elements met with in the mammalian
class, that is, there is a radius and ulna in the arm, and a tibia
and fibula in the leg. Urodela comprise both Perenni-branchiata
and Caduci-branchiata.

Perenni-branchiata. Type form Protfeus anguineus. An
Amphibian, a foot in length, found in Illyrian caves. It is a
white newt with scarlet branchice. KEyes rudimentary ; indeed,
the Proteus is said to be quite blind. The Siren and Axolotl
belong to the same group.

Caduci-branchiata. Type form T'riton or Water Newt. The
larval forms are tadpoles, possessing gills up to the third
month. The adult has no gills, but a persistent tail. The
males have a crest on their backs. The Salamander belongs to
this group.

Order 2. Anoura (arva, without; odpa, a tail), or Batrachia,
Tailless Amphibia. Comprise Frogs and Toads. Exoskeleton
absent. Vertebrze proccelous or opisthoceelous. Ribs when
present are rudimentary, or they may be absent altogether. The
bones of the forearm and leg are anchylosed into single bones.
The astragalus and os caleis are much elongated. Hind legs are

M
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natatory organs, and are much larger than the fore legs. Respi-
ration aquatic in larval, aerial in adult forms. The larvz or Tad-
poles are hatched directly from the spawn ; they live an aquatic
life, swimming like fishes by means of a vertical tail ; when the
change towards froghood commences the complex coiled intes-
tine of the phytophagous Tadpole becomes changed into the
simple and straight canal of the insectivorous Frog: teeth
appearing during the metamorphosis upon the mandible,
maxillee, and premaxillee. After the lungs are formed, which
commence as blind saes, the external branchize shrivel, and
the tail is left entirely behind. The tongue is attached an-
teriorly and free behind. In the Surinam Toad the eggs are
lodged in little pouches upon the back, formed by involutions
of the integument: in these sacs the young are hatched. The
skull of frogs is peculiar in possessing a bone which passes cir-
cumferentially round the greater part of the front of the skull;
this is the girdle bone, as Cuvier called it, or the ¢ os en cein-
ture,” and represents the ethmoid, prefrontals, orbits, and
sphenoids all ossified together into one bone. After the tail
drops off, the terminal portion of the notochord is converted into
a bone called the urostyle.

Order 3. Gymnophiona (yvpviéc, naked ; odec, a snake), often
called Cecilia. Exoskeleton soft, with small scales embedded.
Vertebree amphiccelous. No limbs. The mandible is well de-
veloped. Teeth long, recurved. Ribs numerous. No sternum.
Anus near the end of the body. Tongue not protrudible.
Larval form has branchize, the adult lungs, but three branchial
arches persist throughout life in Cecilia. The Cecilia are worm-
like animals, from three to four feet long, inhabiting the East
Indies, Ceylon, and South America.

Order 4. Labyrinthodontia. All extinet Amphibia, found
chiefly in the Triassic strata; their footprints are not un-
common, but the animals themselves are rarely found. The
footprints closely resemble an impression of a gigantic human
hand with the thumb outstretched. They were large worm-
shaped amphibians, with a strong exoskeleton and amphiccelous
vertebree. They derive their name from the labyrinthine
foldings or plaits which are found in the upper portion of their
teeth when a section is made through them.
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CHAPTER XXVIL

PHYSIOLOGY OF AMPHIBIA.

Digestion.—The changes from the vegetable-feeding Tadpole
to the carnivorous Frog have been spoken of. The alimentary
canal is further peculiar in not indicating the distinction be-
tween small and great intestines by the presence of an ileocaecal

valve.
Circulation.—In the Caduci-branchiata the circulation changes

from that of a fish to that of a reptile. The heart at first con-
sists of a single auricle and a single ventricle; the ventricle
forces the blood into the dilated commencement, called ¢ bulbus
arteriosus,’ of a large artery ; this transmits it by four vascular
arches to the gills, which, at first external, have given place to
four internal laminated plates. From the gills it is collected
by branchial veins and poured into a large dorsal vessel, which
transmits it to every part of the body. As the animal gradually
changes from a water-breathing to an air-breathing creature,
these vascular arches change too ; from each arch small vessels
pass directly down and empty their contents into the descending
aorta ; these enlarge until all the blood enters them ; the upper
three constitute permanent channels, connecting the bulbus
arteriosus and descending aorta ; the fourth or lowest becomes,
as the lungs develop, the pulmonary artery; the blood is
returned from the lungs by pulmonary veins, which enter a
superadded auricle, from which it is poured into the single
ventricle. In some cases there is a partial septum developed
in the ventricle, so far as to foreshadow the perfectly four-
chambered heart of birds and mammals. In the Perenni-bran-
chiata, the three upper vascular arches continue through life to
supply blood to the gills ; the fourth becomes the pulmonary
artery as in the former instance.

Absorption.—The lymphatics are few in number, large in
size, and unprovided with valves. Lymphatic hearts, which
possess unstriped muscular walls, and contract rhythmically,

but not synchronously with the heart, are present. In the
. M 2
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frog there are four of these hearts—two in the neck and two in
the pelvis.

Respiration.—The Perenni-branchiata always respire both by
lungs and gills. These gills are external and plwmose, and
always ciliated ; they project freely into the water. The
Caduci-branchiata breathe for a short time only by external
gills ; these give place to internal gills, placed in a branchial
chamber, and homologous to the gills of fishes, and are con-
verted into lungs. The lunged Caduci-branchiata swallow air ;
it is first collected into a sort of musculo-membranous bag
connected with the hyoid bone; the nostrils are then closed,
and the air forced by muscular contraction of the sac-walls into
the lungs : the Caduci-branchiata also respire by their skin.

The Nervous system is in the lowest Amphibia (Perenni-
branchiata) essentially the same as in fish ; in the highest Am-
phibia (Caduci-branchiata) essentially the same as in Reptilia.

SENSES.

Touch is much more perfect than in fish ; the lips, the limbs,
and the general soft skin all being seats of the sense of touch.

Taste.—The tongue is generally a prehensile or tactile organ
rather than an organ of taste.

Smell.—There are two posterior nares communicating with
the pharynx. This sense is more highly developed than in
fishes.

Hearing.—Neither external ear nor true cochlea exists, but
vestibule and three semicircular canals with otoliths and peri-
lymph are present. A tympanic cavity and Eustachian tube
exist in a few, e.g. in Frogs.

Sight.—There are eyelids, but still no lachrymal apparatus.
The Frog has no obligue muscles. A membrana nictitans is

present. The other parts of the eye resemble the same organ
in fish. i
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CHAPTER XXVIIIL

(GENERAL CHARACTERS OF REPTILIA—DESCRIPTION OF ORKDERS.

Class ITI, REPTILIA.
Definition.—Cold-blooded Vertebrata that respire by means

of lungs.

The lungs are imperfectly cellular, and are situated m a
common thoracico-abdominal cavity. The heart is three-
chambered, containing two auricles, and one ventricle, which
is sometimes imperfectly divided by a median septum. The
skull articulates with the spine by means of a single condyle.
The basi-occipital is ossified. The lower jaw does not articulate
directly with the skull, but is separated from it by means of a
strong bone, the os quadratwin.

The tarsus and metatarsus are never ossified to form a single
bone, as is always the case with birds. Kach half of the
mandible is often formed of from four to six pieces, and one
side frequently articulates with the other by cartilage or liga-
ment, which arrangement enormously increases the gape. Endo-
skeleton completely osseous, and ribs well formed. Exoskeleton
formed either of horny scales, or of large horny plates, which
may enclose the animal as in a box. Diaphragm absent. Lungs
large, but not finely cellular. Oviparous or ovo-viviparous in
reproduction. Visceral arches and clefts are persistent.

Reptilia contain the following orders, the first four of which
are living, and the rest extinet :

Order 1. Crocodilia. Order 6. Plesiosaura.
ss 2. Lacertilia. s» 1. Dicynodontia.
53 3. Chelonia. sy 8. Pterosauria.
,, 4. Ophidia. »s 9. Dinosauria.

ys 9. Icthyosaura.

Order 1. crocodilia—comprising Crocodiles, Alligators, and
Caymans — have very perfect skeletons. A Crocodile (e.g.)
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possesses four cranial vertebra, nine cervical, thirteen dorsal,
two or three lumbar, two sacral, and about thirty caudal
vertebree, in most of which a neural and a hsemal arch can be
made out, with the usual processes and appendages. They
possess no clavicles, a circumstance that may almost always
be predicated of animals with prone limbs. False ribs are
developed from the front of the abdomen, which have their
homologues in the transverse strize of the human rectus. The
ventricular septum is so nearly complete as to render the heart
almost perfectly four-chambered.

All living Crocodilia have proccelous vertebrz ; in most of the
extinet genera they were amphiccelous, and in one genus, Strep-
tospondylus, they were opisthoccelous. The cervical vertebrse

Fig. 48.

SEULL oF CROCODILE.

a. Premaxillaries. 5. Maxillaries. ¢, Nasals. d. Prefrontals. e. Post-
frontals. f. Mastoids., g. Parietal. #&. Sguamosal. 4. Tympanie.
k. Malar. [. Pterygoid. m. Pareccipital. n. Articular. o¢. Angunlar
piece. p. Angular. g¢. Dentary,

beginning with the atlas are supplied with ribs as well as the
dorsal vertebrze.

The bones of the skull are all united by suture, and the
homologies of the separate bones to those of the fish’s skull on
the one hand, and to those of the bird’s skull on the other, can
readily enough be made out. An interorbital septum exists in
all Crocodilia. Large horizontal palate processes are developed
from the maxillze and palate bones, which cut off the nares from
the mouth ; the nares, which are single, open very far back,
owing to the length of this hard palate. The mandible articu-
lates with the skull through the intervention of a very large
quadrate bone, which is anchylosed to the skull. The tympanic
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cavities are enclosed in complete osseous boxes, but they com-
municate with each other across the base of the skull by air-
passages.

As to the upper limbs, there is no clavicle, but a coracoid and
scapula are present which articulate with a humerus, and this in
turn with a radius and ulna ; the carpus is formed of nine some-
what elongated bones which articulate with five metacarpals,
and these again with five digits.

In the lower limbs the ilia are large and joined to the sacral
ribs. The ischia unite with each in a symphysis below, and
the pubes form another but less distinct symphysis in front.
A femur, tibia, fibula, seven elongated tarsal bones, five
metatarsals, and five digits complete the pelvic limb.,

The teeth are numerous, formed of dentine, and lodged in
alveoli. The pulps of succeeding sets of teeth are placed 1m-
mediately beneath the existing series, and, in growth, cause
absorption of the interior of the older tooth, so that the teeth
of Crocodiles finally become ¢ nested.’

The exoskeleton consists of dense scutes covered with epi-
dermic scales, forming a very complete coat of mail. They are
often sculptured by ridges and pits into a complex pattern. The
scutes are often united by suture.

Crocodiles can be distinguished from Alligators by the fact that
the fourth tooth on the lower jaw is larger than the rest, and
projects on each side of the snout ; this is not the case in the
Alligator. Crocodiles again have webbed feet and infest rivers.
Alligators have rounded, not webbed, feet, and inhabit the
marine mouths of rivers. The amphiccelous and opisthoccelous
Crocodilia are all found in the Mesozoic strata.

Order 2. Tacertilia—comprising Chameleons, Blindworms,
and Lizards—are distinguished from the other classes by pos-
sessing clavicles, and their teeth not being lodged in sockets, as
is the case in Crocodilia. The heart is three-chambered.
Vertebrz proceelous or amphiccelous, never opisthoceelous. Ribs
are present, but limbs may be absent, or, if present, are either
two or four in number. Sacrum consists of three vertebrz.
Ribs are often developed from the cervical vertebrae, which
number from seven to nine, as well as from the dorsal
vertebrze,

The skull of Lacertilia is intermediate in type between the
skull of Crocodilia and that of Chelonia. The bones are often
anchylosed, but the front part of the skull can sometimes be
moved upon the occiptal region, owing to the intervention of a
membrane between the two. The quadrate bone as a rule is
not united to the skull by bone. When all four limbs are
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present, as in Chameleons, the pectoral arch presents a scapula,
coracoid, clavicle, and interclavicle ; and the pectoral limb, a
humerus, radius, and ulna, eight carpal bones, five metacarpals,
and five digits. The pelvic arch consists of ilia, movably
joined to sacrum, ischia, and pubes, both fc-rming symphyses, a
femur, tibia, and fibula, tarsal bones varying in number, five
meta,tarsals, and five digits.

Some Lacertilia have no exoskeleton, but most frequently it
is present in the shape of scutes, -or horny plates or spines. In
the Iguanideit is elevated into a dorsal crest, or mane, of horny
scales, and covers the throat-pouches in the same animals with
strong scutes. The Draco volans, or Flying Lizard, has a cuta-
neous expansion from the false ribs which enables it to take
flights through the air. The tongue in many of the Lacertilia
is a bifid organ of touch, but in Chameleons is a long, round,
muscular organ, clubbed at the end, and coated with a wviscid
secretion, by means of which it catches vast numbers of flies by
shooting it out with extraordinary speed.

Order 3. Chelonia—comprise the turtles and tortoises. The
exoskeleton and endoskeleton together form the very singular
box in which these animals live ; it consists of a dorsal shield,
the * carapace,” and a ventral shield, the ‘plastron.” The so-
called ¢ tortoise shell’ is formed by the exoskeleton.

There are about eight cervical, ten dorsal, two sacral, and
eight caudal vertebrze. The cervical and caudal vertebrse are
movable, the rest are all immovable. The cervical vertebrs
have no transverse processes, or ribs. They are peculiar in the
fact that some are proeccelous, others biconvex, and others
opisthoceelous.  The dorsal vertebrze are very remarkable. The
neural spines are immensely expanded, joined to each other,
and together with the ribs, form the under part of the dorsal
shield or carapace ; the extremities of the ribs articulate with a
number of marginal bones, to which the plastron is appended.
The plastron is regarded by some naturalists as the sternum,
and by others as a dermic growth. It is composed of nine
pieces, one being median and central, the other eight being
arranged in four pairs on either side ; the central piece, sup-
posing the plastron to be a true sternum, is the entosternwm,
and the other four from above downwards, the episternum,
hyosternum, hyposternwm, and wiphisternum. By those who
regard it as a dermic growth, the similar pieces are called
entoplastron, epiplastron, hyoplastron, hypoplastron, and wiphi-
plastron.
© The skull of Chelonia is formed of bones which are firmly
soldered together. The pro-otic and opisthotic elements of the
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periotic capsule remain distinet bones, but the epiotic is joined
to the supra-ocecipital. The orbits are large and separated by a
plate of bone. The maxille and mandible form large bony
beaks, so to speak, devoid of teeth, but with edges sufficiently
sharp to clip the tough and glairy seaweed on which the Chelonia
feed. The vomer is a single bone, while in the Crocodilia and
Lacertilia it is double. The os quadratum is anchylosed to the
skull.

The pectoral and pelvic arches are contained within the bony
box. The pectoral arch consists of a scapula and coracoid, the
fore limb of a humerus, radius and ulna, a typically perfect
carpus of nine bones, five metacarpals, and five digits. The
pelvie arch presents an ilium, ischium, and pubes, both of the
latter uniting to form a symphysis, a femur, tibia, and fibula, a
tarsus, to which succeed five metatarsals, and an equal number
of digits.

The exoskeleton, which covers the ecarapace and plastron, is
formed of large plates; in the carapace there are five central
plates, four on each side, and twenty-five marginal plates. The
plastron is covered by six pairs of symmetrical plates. The
Chelonia are a large order and contain the Land Tortoises
(Testudinea), River Tortoises (Emydea), Mud Tortoises (Triony-
choidea), and Turtles (Huereta).

Order 4. ophidia include the snakes. They have no limbs
whatever, nor scapular or pelvic arch, or heemal thoracic arch ;
they possess, however, vast quantities of ribs. The rami of the
mandible, or lower jaw, are united only by licament, and each
half can be separately protruded or retracted ; this symphysial
joint, together with the large movable gquadrate bone, which
separates the mandible from the skull, enables the ophidian to
open his mouth in every direction to a prodigious extent. The
heart is three-chambered.

No animals possess so many vertebrse asOphidia. The Python
has 291, the Rattle Snake 194, and the Boa-constrictor 305. Each
vertebra is proccelous ; besides the ball and socket joint which is
found between each centrum, a projecting process (zygosphene)
1s present on either side, and just behind the central depression,
which fits into a corresponding depression (zygantrum) in the
preceding vertebra.! Thus each vertebra has in front a circular
pit and two prominences, and behind a round head and two

! In the Rough Tree Snake, the extremities perforate the wsophagus,
hypapophyses, parts of the transverse  and being tipped with dentine, they
processes in thirty-two of the an- serve to break the shells of the little
terlor cervical vertebr®, most curi- birds’ eggs on which this animal
vusly serve as teeth; thewr sharp preys.
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depressions. The skull of Opkidia is not provided with an
interorbital septum. The premaxillee are single and often
movable, The quadrate bone is freely movable. Malar bones
are not present. The character of their teeth is alluded to in
the sketeh of the physiology of Reptilia.

The exoskeleton is formed of glittering scutes, they are
generally flat and imbricated, the ventral scutes being much
larger than the doursal. Locomotion along a plane surface
is effected by these ventral scutes rising and falling, in response
to the costal and dermic muscles, like a series of transversely
arranged paper-knives. The entire exoskeleton is shed in one
piece at certain seasons of the year ; the snake during the pro-
cess seems to suffer from malaise, retires into some quiet spot,
makes a ring of his tail through which he threads his body,
and so peels off, as it were, the old harlequin suit, the new
glittering sheen being already donned beneath. Poisonous
snakes always possess a vertical keel running along the centre
of each scute, and have flat heads separated from the body by a
distinct neck. In the non-venomous snakes on the other hand
the scutes are not keeled, and the head is not separated by a
neck from the body.

The remaining orders are all extinet ¢ dragons of the slime,’

Order 5. Iethyosaura. Gigantic fish-like reptiles, abounding
in the Mesozoic period. Vertebrse amphiceelous ; transverse
processes rudimentary ; no sacrum, or sternum, or sternal ribs ;
limbs in the form of paddles ; bones of carpus, &e., showing
evidence of ¢ vegetative repetition ;’ scapular arch and clavicles
present. Pelvie arch not joined to spines. Teeth numerous
and formed of folded plates of enamel. Type form Icthyo-
SCLTILS,

Order 6. Plesiosaurus. Mesozoic marine reptiles. Vertebrae
flat or amphiccelous. Transverse processes long, and ribs pre-
sent. No sternum or sternal ribs. Cervical vertebrse numerous.
Sacrum of two vertebrze. Snout long. Sclerotic formed a bony
ring. Limbs in shape of paddles, but ossicles not so numerous
as in Icthyosaurus. Type form Plesiosaurus.

Order 7. Dieynodontia. Vertebrz amphiccelous. Sacrum
of six or more vertebrze. Cranial bones anchylosed. Snout
enclosed in a horny beak like the beak of a turtle. Two large
tusks often present in upper jaw. Pelvic arches very massive.
Type form Dieynodon.

Order 8. Pterosauria. Vertebrie proccelous. Sternal ribs
present. Sternum broad and carinated. Skull prolonged:
avian in type with teeth implanted in alveoli, or else edentulous.
Sclerotic a bony ring. Pectoral arch existed but no clavicle.
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The digits enormously prolonged like the digits of a bat, and
batlike, supported an integumental outgrowth enabling the
animals to take short flights. Long bones perforated by holes
for air., Hind limbs small. Type form Pterodactylus.

Order 9. Dinosauria. Vertebrz flat, amphiceelous, or opis-
thoceelous. Sacrum of four cr more vertebree. Pelvie arch
avian in type. Pectoral arch present, but pectoral limbs very
small. Type forms Iguanodon and Megalosawirus.



172 COMPARATIVE ANATOMY.

CHAPTER XXIX.

PrysioLngy oF REPTILIA.

Prehension of Food, Deglutition, and Digestion.—The four
orders of Reptilia differ from each other in their prehensile and
digestive organs.

Crocodilia.—The Crocodilia employ their jaws as prehensile
organs. Both upper and lower jaws are studded with numerous
conical teeth, averaging about thirty, composed of dentine, with
sometimes a thin coating of enamel. They are lodged in sockets,
and are perpetually renewed from a vascular papilla at the base:
this constantly producing new teeth, it comes to pass that they
grow one wrthin the other, causing absorption of the interior of
the older teeth, and becoming nested, like a series of pill boxes
within each other. The tongue is large and fleshy, but not pro-
trudible beyond the jaws. The passage into the larynx and ceso-
phagus is closed at will by a strong musculo-membranous valve,
one fold dropping as a continuation from the soft palate, the other
rising from the hyoid bone. The nostrils are at the very tip of
the snout, so that the crocodile can hold his mouth under water,
frequently containing a living struggling prey, and at the same
time breathe with perfect ease (as the nostrils lead behind the
flood-gate) so long as merely the tip of his snout projects above
the water.

Crocodilia are carnivorous ; and in consequence the alimentary
canal is comparatively short and simple. It is interesting from
the resemblance it bears to that of birds. A short cesophagus
leads into an almost circular and gizzard-like stomach, so strong
are the two lateral muscles which compose its walls ; the pylorie
aperture, guarded by a valve, is placed near the cardiac extre-
mity ; the succeeding intestine is short, the junction of small
and great gut being marked by the presence of an ileo-colic
valve, but no cecum ; it ends in a cloaca common to it, and
the urinary and generative organs.

Lacertilia.—The chameleons employ their long muscular
clubbed tongue as the chief prehensile organ. The lizards gene-
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rally use their jaws. The teeth are small, and composed of
dentine, cement, and enamel ; the alimentary canal approximates
that of the Crocodilia.

Ophidia.—Constricting snakes employ the folds of their body
as assistant prehensile organs to the simple, numerous recurved
teeth which stud, not only the dentary and premaxillary bones,
but the ptergyoid and superior maxillary bones also. The
poisonous snakes possess, instead of teeth on the upper jaw,
two poison fangs, which are anchylosed to the superior maxilla,
and connected by their base with the interior of the poison bag,
which occupies the temporal fossa, and whose secretion is poured
out, when the mouth is widely opened, by the action of the
external pterygoid and temporal muscles which cover it. The
poison flows down a groove in the tooth, formed by the projec-
tion and overlapping of two of its edges; it opens a short dis-
tance from the point, so that the fang must be well implanted
before the poison can enter the victim. They are so much re-
curved as to lie flat against the roof of the jaw when the mouth
is closed ; they are lodged in a sort of scabbard of mucous mem-
brane, and are constantly renewed, when lost, by a vascular
dental pulp situated posteriorly. All the viscera, including the
alimentary canal, present the same élongated character as does
the body of the snake : the intestine is short and wide.

Chelonia capture their prey with their jaws, which are eden-
tulous and horny, like the beak of a bird. Chelonia are phyto-
phagous, and the alimentary canal is long and complex in conse-
quence ; for convenience of stowage it is arranged generally in
a transverse direction. Both an ileo-colic valve and cmeum are
present. The cesophagus has large recurved epithelial papillze,
which entangle the slippery fuci which forms their food, and
breaking it off, assist the jaws as manducatory organs. Both
stomach and intestines are notably muscular.

The salivary glands are large and abundant in Reptilia, espe-
cially so in Ophidia. A liver and gall-bladder are present in all.

The lymphatics are well developed, and lymphatic hearts are
present in the neck of certain Ophidia.

Circulation.—The heart is three-chambered, consisting of two
auricles, and one ventricle which distributes a mixed blood to
the lungs and to the body. In the lower reptiles the ventricle
18 qmte simple, but gives rise both to a pulmonary artery and
aorta ; in the higher reptiles a ventricular septum exists, which
pretty efficiently keeps the venous and arterial blood separate,
In the higher reptiles there are two aortic arches, a right and a
left—the right being the larger—which arch over the roots of
their respective lungs and meet in front of the vertebral column



174 COMPARATIVE ANATOMY.

in a common aorta, to supply the hind parts of the body. In
the lower reptiles there are three aortic arches on either side,
the two upper of which give off branches to the head and neck ;
the lower gives off the pulmonary arteries; finally all unite to
form the abdominal aorta.

Respiration.—No reptiles, except the Crocodile, exhibit the
slightest trace of a diaphragm ; all swallow the air, much as the
Frog does. In Crocodilia and Lacertilia the movable ribs and
sternum assist the respiratory movements ; in Ophidia there are
nothing but ribs, and expiration is partly the result of the resi-
liency of the lungs ; in Chelonia the movements exactly resemble
those of the Frog; for though ribs and sternum both exist, they
are perfectly fixed. The lungs are large, frequently unsymme-
trical (in Ophidia only one is fully developed), and saccular, or
imperfectly cellular. The trachea does not branch into bronchial
tubes throughout the interior of the lungs, but ends abruptly
in their substance, so that the air is renewed but slowly and im-
perfectly.

Renal Organs.—The kidneys are large, and pour their contents
into two ureters, which open into the common cloaca. There is
no urinary bladder. The kidneys, as in all Vertebrata below
Mammalia, consist of cortical substance only.

Nervous System.—The olfactory lobes are uncovered in front ;
the optic lobes, which are bigeminal, as in fish, are uncovered
behind the cerebral hemispheres. The medulla oblongata sup-
ports a cerebellum, which still consists merely of a median por-
tion. The cerebral hemispheres are hollow, exhibiting the first
trace of lateral ventricles. The optic lobes likewise contain a
cavity in their interior. The cerebral hemispheres are now,
however, the largest of all the cerebral ganglia. A ninth nerve

is present.
SENSES.

Touch is but ill developed ; but the varieties of the tegumental
growths are great. The osseous plates of the Crocodile, the
scutes (the principal organs of locomotion) of the Ophidia, the
granular coat of the Chameleon, the horny coverings of the plas-
tron and carapace of Chelonia, are all developments of the cutis.

Taste.—The bifid tongue of Ophidia, the long, worm-like
tongue of the Chameleon, and the freely movable tongue of
Chelonia, are all rather tactile organs than instruments applied
to discriminate sapid substances ; the sense of taste, indeed, is
scarcely at all developed.

Smell.—The mucous membrane of the nose is plicated, but
this sense is imperfect. In Crocodilia and Lacertilia the nostrils
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open into the pharynx; in Ophidia and Chelonia, into the
mouth.

Hearing.—All reptiles, except Ophidia, possess a tympanic
cavity with ossicles, in which we recognise an incus, malleus,
and stapes, a membrana tympani, and Eustachian tube. Ophidia
merely possess a single ossicle, the columella, which is embedded
in the flesh. The internal ear presents to us now, in addition
to a vestibule and three semicircular canals, a rudimentary
cochlea, in the shape of a bent tube, imperfectly divided by a
median partition into a scala vestibuli and a scala tympani.

Sight.—The tunics and humours resemble those in man.
There are no eyelids in Ophidia, the skin being continued over
the cornea : but all other reptiles possess them. A lachrymal
apparatus is always present, which in the Crocodile is stated by
popular rumour to subserve a hypocritical purpose.
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CHAPTER XXX,

AVES—GENERAL DESCRIPTION—SKELETON—MUSCULAR SYSTEM OF
AVES—STRUCTURE AND DEVELOPMENT OF FEATHERS.

Class IV. AVES.
Definition.—Warm-blooded Vertebrata, clothed with feathers.

The skull articulates with the spine by a single condyle.
The basi-occipital bone is ossified. The vertebral column is
divided into five very distinct portions— cranial, cervical,
dorsal, lnmbar, and sacral. The cranial vertebrae are early
anchylosed, and it is only in the skull of the young bird that
the separate bones can be made out. The lower jaw is joined
to the skull by the intervention of the os quadratum, as in
Reptilia. The jaws are never provided with teeth. The cervical
vertebrse vary in number from nine in the Sparrow to twenty-
three in the Swallow ; they are freely movable on each other,
and permit the head to be turned in every direction for pre-
hensile purposes. The dorsal vertebrsze are firmly anchylosed
together to give stability to the great muscles, the agents in
flight, which take their origin here. The hsemal arch is entirely
bony, and the sternum presents a strong median ridge, or keel,
which vastly increases the surface of origin of the pectoral
muscles. In a few birds, the cursorial or running order, the
keel is absent from the sternum. The lumbar and sacral ver-
tebrze are few but strong ; the caudal vertebree are rudimentary,
and do not give attachment to the tail feathers. In an extinet
bird of the Mesozoic period, the Archeopteryx, the vertebral
column is terminated by a veritable tail of caudal vertebree.

The trachea is furnished with two larynges : one in the usual
situation, at the upper part, and one, called the syrinx, which
is generally regarded as the principal organ of voice, situated at
the bifurcation of the trachea into the two bronchi.

Aves differ from Reptilia in their blood being hot ; in there
being only one aortic arch, the right ; in the fore limbs never
possessing more than three digits; and in the fact that the
corpora bigemina are placed at the sides and not on the under
surface of the brain.
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Aves differ from Mammalia in the atlas only possessing
a single facet ; in the presence of an os gquadratum intervening
between the mandible and skull ; in the cervical vertebrse being
more than seven in number ; and in possessing no lips, teeth,
epiglottis, diaphragm, fornix, corpus callosum, or scrotum,

Skeleton of Aves.—The bones of birds are extraordinarily
compact and ivory-like. In the hawk, for instance, 100 parts of
bone contain 73°28 earthy material, and 26°72 animal matter.

Vertebral Columm. Cervical Vertebre. Very flexible ; as it
is only by the free movements of the neck that the bird can
pick up food from the ground. To subserve this end the neural
spines are very short, or even entirely abortive. The centra
fit into each other by saddle-shaped surfaces, being concave
from before backwards, and convex from side to side. The
atlas is & mere ring of bone, its body being always appended
as an odontoid process to the body of the axis.

Dorsal vertebree much consolidated ; they vary in number
from six to eleven. The heemal arch is entirely osseous.
Pleurapophyses (ribs) articulate both with diapophyses and
parapophyses of vertebrse. The sternum in all birds of flight
presents a median keel (hence these birds are called carinate),
to afford increased space for the attachment of the great
pectoral muscles. It also gives great strength to the chest
without materially adding to its weight, just as a vertical beam
of metal placed on a horizontal plane in the so-called T-iron
yields a result of extraordinary strength.

Sacral vertebree — from nine to nineteen in number. All
firmly anchylosed to form a strong bony girdle for supporting
the lower limbs. At the middle of the sacrum the neural
spines are undeveloped, the transverse processes alone being
present, which gives it a wide, flat aspect in this region. As
the lumbar vertebrae are welded to the sacral, it is difficult to
distinguish between the two.

. Caudal vertebre from six to nine. As a rule they are short,

stunted bones, tilted upwards from the sacrum for the attach-
ment of the rudder-tail feathers, called ‘rectrices.” The whole
caudal vertebrze are anchylosed to form the os en soc de charrue,
or ploughshare bone. The coccygeal gland, or uropygium,
rests like a small pommade pot on these caudal vertebrz. In the
Archeopteryx the caudal vertebrse were numerous, and con-
stituted a true bony tail.

Cranium.—Very hard, but very light. The orbital cavities
are unusually large, and communicate with each other, and
also with the temporal fossee. The nares also communicate
with each other. The separate bones are so soon united

N

=
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together that the separate elements can only be made out
during the development of the bird, at which period they are
found to approximate very closely to the reptilian type. The
basi-occipital forms the greater part of the single condyle which
articulates with the atlas, but is slightly assisted by the
exoccipitals ; the paroccipitals form outstanding buttresses ;
the superoccipital is flattened. In the succeeding segment the
usual elements are discernible at an early date, and the parietals

Fig. 49.

LATERAL VIEW OF THE SEULL OF A FOWL.

d@. Premaxillary. & Nasal. ¢, Lachrymal. d. Maxillary. e. Mandible.
J. Quadrate bone.

UrPER VIEW OF THE SKULL OF A FOWL.

a. Premaxillary. 5. Nasal. ¢. Lachrymal. d. Maxillary. e. Frontal.
J- Parietal.

(neural spines) are double. In the third segment the orbito-
sphenoids (neurapophyses) are small, and have coalesced with
the pre-sphenoid (centrum); the post-frontal (parapophysis) is
also small. The vomer (centrum of nasal segment) also joins
pre-frontal and palatines (pleurapophysis), and is deeply grooved
above. The large size of the eye-capsule in birds is, however,
perhaps the feature which strikes an observer most. As to the
heemal arches of the cranial vertebrse, the hyoid arch (heemal
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arch of parietal segment) is formed of a small basi- and cerato-
hyal, and of a large glosso- and uro-hyal. The os guadratum
is movably articulated with the skull, and intercepts the lower
jaw from the cranium. The pre-maxillee, maxillse, and palatine
bones are united to form a single bone ; they are joined to the
os quadratum by the pterygoid and jugal bones,

Scapular arch and pectoral limb. The scapula is a rib-like
bone placed parallel to the spine and anchylosed to the coracoid,
which is the strongest bone of the shoulder-girdle ; together
they form the glenoid cavity. The clavicles are comparatively
slender bones; they are nearly always present, and arch

Fig. 50.

Freh 5°

STERNUM, PECTORAL ARCH, AND Fome-LIMB OF A HAWK.

a. Seapula, &. Clavicle. ¢. Coracoid. d. Sternum. e Humerns. f.
Radins. g. Ulna. A, Carpus, i. Metacarpus. &, I Phalanges.

forwards to meet in the mesial line, forming the € os furculum,’
or merry-thought. The clavicle is the most variable of all the
bones of the shoulder, being long and strong in the Raptorial
birds, and even entirely absent in the ground-parrots of
Australia. The humerus is long, strong, and generally pneu-
matic. Of the two bones of the forearm the radius is always
the slenderer bone, the ulna articulates with the scaphoid and
semilunar bones, and two sets of metacarpal bones and phalanges

make up the claw.
N 2
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The Pelvic Areh and Hind Limbs.—The pelvic arch is strong
and firmly knitted to the anchylosed sacral vertebrz ; the three
elements of ilium, ischium, and pubes are only distinguishable
in the young bird ; the pubes do not meet in front, except in
the ostrich, hence there is no symphysis or pubic arch. The
femu_r is a strong but shortish bone ; it is pneumatic only in
runn:ng birds, as e.g. the ostrich. The tibia is the principal
bone of the hinder extremities; it is long and strong. The

Fj.g. 51.

Privis A%D HIND-LIME oF A HAWEK.

- a. Ploughshare hone, or 05 ér soc de charrwe. b. Bacral vertebrse. ¢ Os
innominatum. d. Ossified tendon e. Femur. #. Tibia. ¢. Fibula.
h. Tarso-metatarsal bone. 4, &, I, m. Phalanges terminating in hooked
vlaws,

tarsus and metatarsus are soldered together to form one bone—
the tarso-mefatarsal. Anteriorly this bone supports the toes ;
posteriorly, the hallux. The toes never exceed four in number,
and the number of phalanges in each toe is constant; thus
there are, counting from the hallux, two for the first, three for
the second, four for the third, and five for the fourth.
Muscular System.—The muscles of birds are pre-eminently
red and irritable ; they are chiefly massed on the inner side of
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the thighs, beneath the sternum and beneath the pelvis; they
act as ballast, and assist in maintaining the equilibrium of the
bird. The whole muscular system is modified to subserve the
function of flight. Thus the abdominal muscles are very small,
and the muscles of the fore arm and leg reduced to a mere
set of tendons. The largest muscle of the entire body is
the pectoralis major, which occupies the whole of the keeled
sternum, and is the principal agent in determining the down-
ward stroke of the wing. DBeneath this muscle, at its upper
part, is found the pectoralis fertius, which passes over the
shoulder-cap, and is inserted into the humerus ; this is the
muscle which raises the wing ; unlike the pectoralis major it is
endowed with velocity at the expense of power. All birds
possess a muscle, more developed, however, in the Scansores
than other orders, which passes from the pubes down to the
outside of the knee, and then winds round and blends with the
principal flexor of the toes; this muscle consequently acts in
harmony with the flexor digitorum, and when the leg is bent
upon the thigh by the action of this extensor, the flexor digi-
torum bends the toes, and so enables the bird to perch or roost
with perfect safety.

There is no exoskeleton, but the integument is clothed with
feathers.

Development and Structure of Feathers.—Feathers are dermic
growths, developed from papillee within little sacs, the surface
of the papilla being marked by a mould of the future feather in
miniature. This mould is pushed up from below by a repetition
of the process by which itself was formed, and in rising it
expands and unfolds, increasing in size, but not materially
altering in shape. A feather consists of a ¢ barrel,” or ¢ quill’
a ‘ shaft,” and a ‘ vane.” The vane in its turn consists of lateral
barbs, and little vertical hooked barbules. The barbules hook
into each other by a system of pot-hooks, which gives the light
feather considerable power of resistance to the air. The feathers
are trimmed or ¢ preened’ by the bird running its beak between
the barbs, and in so doing rearranging the latching, so to speak,
of the barbules. :

Feathers receive different names on different parts of the
bird’s body. The feathers clothing the body are called ¢clothing’
feathers ; the great quill tail feathers, so useful in steering the
bird in its flight are the ‘rectrices;’ those lying over the
humerus and scapula are the ‘scapulars ;° the proximal end of
the ulna is covered with the °tertiaries ;’ the distal end of the
same bone with the ‘secondaries ;’ and the bones of the hand
support the *primaries,” which are the largest of all. Each
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quill often bears a little light feather, just beneath the com-
mencement of the vane, the ‘accessory plume,” or ‘plumule’ ;
these plumes form the greater, lesser, and under wing coverts.

The organs of digestion, circulation, respiration, and excre-
tion, together with the nervous system and organs of reproduc-
tion, are referred to under the head of the ¢ Physiology of Aves.’
The composition of the ege, and development of the chick, are
described separately in Chapter XXXV,
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CHAPTER XXXI.

CLASSIFICATION oF AvEs—DrscriprioN oF DIFFEREST ORDERS.

Birps are divided into two legions—Autophagi and Hetero-
phagi ; the former immediately on their escape from the egg can
run about and look after themselves ; the latter are dependent
upon their mother for nourishment for some time after birth.

AUTOPHAGIL.
Orders 1, Natatores Swimmers Duck.

s 2. Grallatores Waders Heron.

» 3. Cursores Runners Ostrich.

» 4. Rasores Scratchers Common Fowl.
HETEROPHAGI.

s B Columbze Pigeons Rock Pigeon.

y B, Scansores Climbers Parrot.

» 1. Passeres Perchers Sparrows.

» 5. Raptores Raveners Hawk.

By other naturalists Aves are divided into three orders—
Saurure, Ratite, and Carinate. The Sawrure contain the
Archeopteryx alone ; the Rafife contain the Rhea, Apteryx,
Ostrich, and Cassowary; the Carinate comprise all other
birds whatsoever. The Carinate are divided into four sub-
orders ;:—

1. Dromsegnathze. 3. Desmognathze.
2. Schizognathze. 4. Aigithognath:e.

This is perhaps a more natural classification than the one
first given, but as the former, although entirely artificial, is
well-known and convenient, it will be adopted here. The fol-
lowing orders, however, are probably of little more than tribal
value.

Order 1. Watatores. Body boat-shaped ; legs with feet
webbed to a greater or less extent, placed behind centre of
gravity ; they walk with a waddling movement on dry land, but
their movements in water are very graceful. The uropygium, or
oil-gland, is large, and being applied to the feathers by the beak,
prevents the bird from getting wet.
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The Penguins, Grebes, Puffins, Guillemots, Divers, and Ducks,
form one division of swimming birds called Brevipinnate, the
feathers and wings being short, in the Penguins they are quite
rudimentary, and not permitting flight. The legs are placed very
far back ; the wings assist the webbed feet as paddles, the bird
in rapid progression striking the water with them as with oars.

The Cormorants, Pelicans, Gulls, Petrels, and Terns form
another group—the Longipinnate, the wings being large, and
endowing the possessor with powers of flight. The beak is
hooked and pointed, the tip being often very dense and hard.
One of the largest and most beautiful birds of flight, the alba-
tross, belongs to this group.

The Ducks, Geese, Swans, and Flamingoes form a third divi-
sion, the Lamellirostres, in all of whom the beak is a soft, horizon-
tally compressed bill, covered with a soft sentient cuticle, sup-
plied with twigs from the fifth nerve, and having fringed sides,
which strain the muddy food. Wingsof medium size. :

Order 2. Grallatores. Legs long and stilt-like ; tarso-meta-
tarsal bone much elongated ; toes generally quite free, rarely
semi-palmate ; wings large and powerful.

The Rails, Coots, Water-hens, and Jacanas form a group in
this order termed Macrodactyle, because the claws are very
long ; they are four in number, and lobed ; wings are not large ;
beak is somewhat cuneiform, and tail is very short.

The Cranes, Herons, Stalks, Ibis, and Spoonbills form the
Cultirostres, with elongated, narrow forceps like bills, for fishing

with ; legs not covered with feathers, and very long.
"~ The Snipes, Woodcocks, Sandpipers, Curlews, Turnstones,
Ruffs, Redshanks, and Godwits constitute the Longirostres. All
possess long and very sensitive beaks grooved by mnostrils. Legs
of moderate length. Insectivorous in habits.

The Plovers, Lapwings, Bustards, Longshanks, and Oyster
Catchers are comprised in the Pressirostres. All possess a mode-
rate bill with a compressed tip. Feet semi-palmate. Wings
long and strong. Bustards run very swiftly ; all the others are
capable of rapid and sustained flight.

Order 3. Cursores. Wings rudimentary, and useless for
flight. The legs are pneumatic, and are very strong and long.
In many of the Cursores the sternum is not keeled (Ratite), in
accordance with the small size and power of the peetoral
muscles.  The Ostrich alone among birds possesses a true
subpubic arch, the two pubes meeting anteriorly in a sym-
physis. The barbules do not hook into each other, the ostrich
plumes being formed of free and independent barbs and
barbules.
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The Ostriches, Rheas, Cassowaries, and Emeus constitute a
group called Struthionide, characterised by the entire absence of
the hallux. This group contains the largest of all birds. The
male Ostrich and Emeu take upon themselves all the duties of
incubation, relieving their mates of every trouble in the matter.
The Emeus and Rheas have three toes on each foot ; the Ostrich
has but two. The Cassowary is known by a curious cephalic
horny crest or wattle: the head and neck are not clothed with
feathers. The Apteryx of New Zealand forms a distinct group
of Cursores, and is singular in possessing only bare rudiments
of wings which end in a claw. Beak long, slender, and com-
pressed. Tail not visible. The habits of the Apteryx are
entirely nocturnal.

Order 4. Rasores or Gallinacese. DBeak is a short, strong
forceps; the upper bill or maxilla being vaulted. Legs fea-
thered nearly to the tarso-metatarsus. There are three ante-
-rior toes and one posterior. The anterior are blunt and
adapted to scratching. Gizzard immensely strong.

The common Fowls, Turkeys, Partridges, Grouse, Pheasants,
Ptarmigan, and Pea Fowl form a group called Climatores.
The wings are short and not very powerful. There is a rudi-
mentary toe placed at the back of the tarsus, and called the
“calear’ or spur; it forms a strong weapon of attack.

Order 5. Columbee differ from Rasores in possessing pow-
erful wings, and in leaving the egg in a very helpless and
dependent condition. In other words, they are heterophagous,
and not like the rasorial birds, autophagous. Pigeons, Doves,
and the extinet Dodo are found in this order. The Dodo was a
bird of the Kainozoic period, and differed widely from the
gentle Doves and Pigeons ; it was a large, powerful, and carni-
vorous bird of prey.

Pigeons afford one of the best instances of the mutability and
yet stability of species, or rather of varieties ; all the vast num-
bers of Pigeons, Carriers, Tumblers, Fantails, and so forth,
being all descended from one common stock—the blue rock
Pigeon, or Columba livia.

Order 6. Scansores. Characterised by having four toes,
two directed forwards and two backwards, which enable the
birds to climb. The posterior toes are the hallux and the outer-
most of the three toes, which as a rule are directed forwards:
the anterior toes are therefore the first and second. One of the
most curious habits of birds is met with in certain birds of this
order, e.g. the Cuckoos, who do not build nests of their own, but
lay their eggs in the nests of other and not closely allied birds.
They do not deposit more than one egg in the strange nest ; but



186 COMPARATIVE ANATOMY.

when the young Cuckoo is hatched he is so much stronger and
larger than his foster brethren, that he sets to work and ousts
them from the nest, leaving the rightful owners to perish
miserably of cold and hunger. Scansores are both insectivorous
and frugivorous in habits. Besides the Cuckoo, Parrots,
Toucans, Trogons, Woodpeckers, and Wrynecks are found in
this order.

Order 7. Passeres. Most numerous of all the Avian
orders. They are recognised by having the two outer toes
joined by membrane. Of the two others, one is always directed
backwards. Females as a rule are smaller than the males, and
clad in much more sombre colours. All quite dependent upon
the mother’s care when first extruded from the egg, and are
often reared in nests of the most beautiful construction. The
voice is often exquisitely musical, the plumage very lustrous,
and the powers of flight of extreme perfection.

The Finches, with the Sparrows, Larks, Crossbills, Crows,
and Hornbills form one group in this large order, called Coni-
rostres, recognised by having a short, strong, roundish, or
conical beak, which tapers quickly from a broad base to a short
tip. Their habits are various; some are insectivorous, e.g.,
somee Finches; others, carnivous, e.g., Crows; others, phyto-
phagous, e.g., Hornbills ; and others, omnivorous. The Horn-
bills possess an additional growth in the shape of a hollow
excrescence upon the upper bill. Birds of Paradise, a variety
of Crow, and many migratory birds, e.g., the Starling, are met
with in this division.

The Shrikes, Fly Catchers, Nightingales, Orioles, Robins,
Thrushes, Tits, and Warblers form another group, called Den-
tirostres, from possessing an abrupt notch, which gives the
appearance of a tooth to the contiguous part of beak, on the
margin of the upper bill, near its tip.

The Humming-birds, Hoopoes, Wrens, Creepers, and Honey
Eaters constitute the Lemmirostres, in all of whom the beak is
elongated into a slender forceps for extracting honey or insects
from the deep bells of flowers. The plumage often possesses a
metallic lustre, and is of the most gorgeous description. The
tongue of Humming-birds assists the beak in sucking up the
juices of flowers ; it is hollow and bifid.

The Swallows, Martins, Goatsuckers, Kingfishers, and Swifts
constitute the Fissirostres: they have a wide but short beak.
During flight the mouth is kept wide open, and any insects
which it encounters are retained by a viseid secretion poured
out from the mucous membrane. They are thus of great value
in keeping down the quantity of flies and gnats, it being com-
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puted that a young swallow consumes upwards of 1,000 a day
of these insects. Some of these, e.gq. Goatsuckers, are nocturnal,
hunting their prey at night alone. In Kingfishers the external
toe is united to the middle one, and is nearly as long.

Order 8. Raptores. The ravening birds are recognised by
their beak, which is a formidable weapon with sharp edges and
an acute hooked tip. The upper bill overlaps the lower. The
toes are four in number, three anterior and one posterior ; all
being terminated by sharp hooked talons. Wings very large
and very powerful. Legs short, stout, and strong. Young
completely heterophagous.

Owls form a division of Raptores, called Nocturnal Raptores;
as their name implies, they are peculiar in hunting by night.
Their plumage is very soft and downy, especially on the under
surface of the wings, rendering their flight almost noiseless,
and so enabling them to hunt with so much more ease and
success. The cranial bones are pneumatic. There is a circlet of
feathers simulating a pinna around the ear, and another, like
a fringe of hair, around the face. Tarso-metatarsus thickly
feathered. There is no ingluvies or erop. They live on insects,
Field Mice, Birds, and Frogs. Falcons, Hawks, Eagles, and
Vultures form another group, the Diwrnal Raptores. Eyes
smaller than in last group, but very bright, and capable of bear-
ing a bright light. Powers of flight are carried to the highest
pitch of perfection, enabling the large and heavy eagle to soar
into the highest and rarest regions of the air, and to support
himself there as though floating by ¢ the act of his own lordly
will,” and not by the sweepy waftage of his mighty pinions.
Many of the Raptores are able by sloping their body and wings
to a certain angle to stand perfectly still in the air—an exact
balance being maintained between the depressing action of
gravitation and the elevating influence of the wind. Tarso-
metatarsus often covered with secales, rarely with feathers.
Ingluvies present. Intestine short and simple. The so-termed
‘ noble’ birds of prey, which kill their prey, have the upper bill
furnished with a lateral tooth : this is absent in the ‘ignoble’
birds of prey, who live on carrion.
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CHAPTER XXXII.

Puysion.ogy oF AVES.

Prehension of Food, Deglutition, and Digestion.—The beak is
the bird’s only prehensile organ, except in the raptorial and
scansorial families (where the foot is also used), and is variously
modified in shape according to the habits and food of the bird.
‘Thus 1t is short and strong in the grain-feeders; long and
slender in the insectivorous Warblers and Fly-catchers ; notched
in other insectivorous birds, as in Shrikes ; short and gaping in
the Swallows and Night-jars, which catch their prey upon the
wing ; strong and hooked in the rapacious eagles and vultures,
which tear up their food ; long, conical, and of great strength
in the digging Rooks and in the Woodpeckers, which pierce the
bark of trees ; short, curved, and of great depth in the Parrot
tribe, which can crush hard nuts; exceedingly delicate and
tapering in the Humming-birds, to enable them to penetrate the
tubular corollas of flowers ; ponderous and ungainly in the
Hornbills, Toucan, and Adjutants ; long, strong, and pointed for
the catching of fish, in the Storks and Herons ; elongated and
suctorial in the Snipes and Sandpipers, which seek their food in
bogs or sand ; flattened grooved, and sensitive in Ducks, Geese,
Swans, and Spoonbills ; or it presents still other forms for
holding fish, as in the Pelicans, Pilgrims, Albatross, Penguins,
and Auks.’—Marshall.

The salivary glands are comparatively small in all birds ex-
cept the Woodpeckers, in which they attain an enormous size.

The pharynx is simple. The cesophagus differs very widely in
the different orders of birds. Before reaching the stomach the
food is generally received into a temporary storehouse, called
the crop ; there is mo crop in some aquatic birds, and it is
variously fashioned in others where it does exist. Thus in the
Pelican the integuments beneath the lower mandible form a
large pouch, which serves as a crop; in Swifts and other in-
sectivorous birds the back of the pharynx is dilated into a
receiving house for the insect food ; but it is in the grain-
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feeders that the crop attains its largest size; in the common
fowl it forms a lateral pouch on one side of the cesophagus, and
in the Pigeon it is composed of a bilateral sac similarly situated.
The cesophagus is continued downwards from the crop to an
expanded portion, called the ¢ proventriculus,” ©ventriculus swc-
centuriatis :* this is the true digestive stomach, and secretes the
gastric juice. It is very variously shaped. The proventricu-
lus’ almost immediately leads into the muscular stomach or
gizzard, which is also called the ‘wentriculus bulbosus.” In
flesh-feeders the gizzard is comparatively thin, but in grain-
feeders it is an enormously powerful muscular sac. Stones or
gravel are generally present to assist in trituration of the hard,
dry, food, as it were, to masticate it. The muscles composing
the walls of the gizzard all radiate from two very strong anterior
and posterior tendons. A pyloric valve, which is sometimes
formed of several folds or ridges, conducts the food into a small
intestine. This is short in carnivorous birds, long in the grain-
feeders. There is no ileo-czecal valve, but two cseca are very
often present, and in some birds, as in the Grouse, they attain a
great size. The large intestine terminates in the dilated
‘ cloaca,” which receives the terminations of the urinary and
generative organs.

The pancreas is large. The lymphatics and lacteals are fully
developed. There are two equal-sized, symmetrical, thoracic
ducts, which pour their contents respectively into the right and
left subclavian veins.

Cireulation.—The blood is somewhat hotter, as is the general
temperature of the body, in Birds than in Mammalia. The
heart is perfectly four-chambered, and placed exactly in the
median line ; the aorta arches over the root of the right lung.

Respiration.—Every means are employed to render the re-
spiration of birds rapid and complete. The lungs are large and
perfectly cellular throughout; the bronchial tubes branch
dichotomously throughout their remotest parts, and even pass
right through them, by two large apertures, conducting the air
into the general cavity of the abdomen, which is not yet sepa-
rated from the thorax by a diaphragm (except in the Apteryx
and a few others). Fibrous septa divide the cavity into loculi.
The air is even conveyed into the bones, which are extensively
hollowed out for the purpose. In birds of flight it is the upper
extremities alone which are pneumatic ; while in curserial birds
the air only reaches the lower extremities.

Expiration is effected by means of the sternum being forcibly
drawn toward the vertebral column by muscular action ;
inspiration is effected by the resiliency of the sternum enabling
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it to return to its original position, and so expand the chest.
The trachea of birds is interesting. Most birds have a double
larynx, one situated at the top of the trachea in the posi-
tion of the ordinary mammalian larynx, the other at the lower
end of the trachea, where it is about to bifurcate into the two
bronchi. When the latter exists it is the seat of vocalisa-
tion. It is formed by modified rings and half-rings of the
trachea. It is largest in the duck tribe.

Kidneys.—The kidneys are large, formed of cortical substance
only, and lodged in recesses in the lumbar vertebree; the
ureters terminate in the common cloaca, There is no urinary
bladder.

Nervous System.—The cerebral hemisphere (prosencephalon)
are now much the largest elements of the encephalon, and
partially conceal the olfactory lobes (rhinencephalon) in front,
and the optic lobes (mesencephalon) behind. The medulla still
supports a cerebellum, which consists of little more than a
median lobe ; small appendages are, however, present, in which
are recognised the flocculi or pneumogastric lobules. There is
no fornix, or corpus callosum. The optic lobes are not only in-
ferior but lateral in position. This is peculiar to the class.

The cranial nerves have the same origin and distribution as in
mammalia. The fifth sends twigs to the very end of the
sensitive beak.

SENSES.

Touch.—This sense resides chiefly in the bill and tongue.
The soft corium of some bird’s feet is a tactile organ. The
feathers are cutaneous growths, and formed upon a vascular
papilla at the bottom of a deep pit ; they are composed of epi-
dermiec cells, variously shaped. Each feather consists of a quill
or barrel, and a vane or beard, which is again formed of barbs
and barbules. The barbules, from contiguous barbs, hook into
each other like the latch of a door into its catch, so as to present
an even and resisting surface to the opposition of the air.

Taste.—This is imperfectly developed. The tongue is covered
with thick, horny papillee. It is more perfect in the Parrot
tribe than in other birds,

Smell.—This sense is not very highly developed. Even in
vultures, in whom it is more perfect than in most birds, it is
now known that it is not by scent, but by sight, that they detect
their prey. The turbinated bones, however, are present and
somewhat convoluted. The nostrils are variously situated,
generally upon the upper mandible ; large and open in most
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birds, they are small in Herons, and are absent in the Pelicans.
The posterior nares open into the pharynx frequently by a
single instead of a double aperture : such is the case with the
Cormorants. The olfactory nerves leave the cranium by a
single aperture, except in the Apteryx.

Hearing.—An external, middle, and internal ear are now
present for the first time. The external ear consists of a
meatus only, there being as yet mo pinna. The middle ear
communicates by a large Eustachian tube with the pharynx, and
by large mastoid cells with the cranium ; these cells often pass
from one side to the other. There is only one ossicle present,
called the columella. The internal ear consists of vestibule,
semicircular canals, and cochlea. The vestibule is well de-
veloped ; the canals are large ; the cochlea is a bent, but not
yet a spiral tube ; it is, however, divided by a median lamina
spiralis into a scala vestibuli and scala tympani.

Sight.—This sense is very perfectly developed. In addition
to the ordinary tunics and humours, a singular vasculo-
pigmentary structure is developed within the eye of birds,
which passes from the entrance of the optic nerve towards the
circamference of the lens. This is called the marsupium or
pecten ; its use is probably to absorb the too abundant rays of
light. The nocturnal apteryx does not possess this structure.
The lens is variously shaped ; flat in the high-soaring birds of
prey, it becomes much more spherical in the aquatic birds,
and almost completely circular in the owl. The sclerotic is
often strengthened by imbricated bony plates. Birds possess
three eyelids ; the lower eyelid is longer than the upper, and is
freely movable. The third or nictitating membrane is lodged
in the inner canthus. It is swept across the eye by the action
of two musecles placed at the back of the eyeball, called the
pyramidalis and quadratus muscles; the former ends in a
“tendon, which passes through the other like a string through the
top of a bag, and becomes attached to the lower corner of the
membrana nictitans. There are two glands in connection with
the eye ; the lachrymal gland, situated in its ordinary position,
beneath the external angular process of the frontal bone, and
the Harderian gland, situated behind the conjunctiva at the
nasal angle of the orbit. The iris of birds contains striped as
well as unstriped muscular fibre.
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CHAPTER XXXIII.

(GENERAL CHARACTERS OF MAMMALIA.

Definition. — Vertebrate animals possessed of mammary
glands.

P

All but two possess teats. The thorax is perfectly divided
from the abdomen by a musculo-tendinous diaphragm. There
is no inferior larynx. The heart is four-chambered, the aorta
arches over the root of the left lung. The kidneys consist of
both cortical and medullary substance. The cerebral hemi-
spheres are connected by a round commissure or ‘lyra,” and
a hippocampal commissure. The olfactory lobes give off many
nerves, which pierce the cribriform plate of the ethmoid. The
different parts of the encephalon are united by a pons Varolii.
The cerebellum possesses lateral lobes as well as a median
I}I‘DGEEE.

The cranial vertebree exhibit the greatest departure from the
character of vertebrse, and it is only by analogy that we are
still able to recognise in the mammalian skull the nasal, frontal,
parietal, and occipital vertebrse. They articulate with the
spine by two condyles. The cervical vertebrs are always
seven in number, except in the Ai, or three-toed Sloth, in
whom there are nine ; and in the Dugong, in whom there are
but six. The dorsal vertebrze support pleurapophyses or ribs ;
the sternum is not keeled, except in the lowest order, the
Monotremes. The lumbar vertebrse are, as a rule, more
numerous than in reptiles or birds. The sacral and caudal
vertebree vary much. The upper exlremities show marked
differences between this class and Aves—the scapula is a flat
expanded bone : the coracoid is, except in Monotremata,
merely a process of the scapula : the clavicles are not always
present.

Skeleton of Mammals.—Not so dense as that of birds, but
denser than that of fishes, e.q. the bones of man contain
68-97° of earth, and 31'03° of animal matter. We have to look
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at the condition of the cervical, dorsal, lumbar, caudal, and
cranial vertebrae.

The cervical vertebre are freely movable, zmd provided with
neural, but no hezemal arches. The parapophyses and dia-
pophyses enclose a foramen for the lodgment of the vertebral
artery

Dorsal vertebre vary in number from eleven to twenty-three.
Pleurapophyses (ribs) join hsmapophyses (costal cartilages),
which are never ossified, except pathologically in age. The
last three or four ribs do not join the sternum, and are called
‘ vertebral,” ¢ free,” or ‘floating’ ribs. The sternum is keeled

SEULL oF Lioxw.

a. Exoccipital. b. Bupracccipital. ¢. Paroccipital. d. Mastoid.
e. Postfrontal. . Nasal. g¢. Frontal. A. Parietal. 1. Premaxillary.
k. Maxillary. {. Malar. m. Bguamosal. n. Tympanic. ¢. Dentary.
p, Incizor teeth., ¢. Premolar, r, s and {. Molars.

in the Monotremata alone ; in all other mammals it is flat.
It consists of a pree- stemum (manubrium), meso-sternwn (gla-
diolus), and wiphi-sternum (ensiform cartilage). The latter
does not support ribs.

Lumbar vertebree vary in number from two to nine; the
neural spines are short and strong, as are also the parapophyses,
so that free movement is enjoyed by the loins.

Sacral vertebree.—Absent in Cetacea ; all other Mammalia
possess them : as a rule implacental mammals have two, and
placental mammals four sacral vertebree. Some of the Primates,
including man, have five.

£ o T IS



MAMMALIA—GEN ER:’LL CHARACTRES. 195

Caudal vertebre vary from four to forty, and dwindle towards
the tip of the tail, until nothing but the centrum remains.

Skull. —Bones of skull heavy, and skull as a rule compara-
tively large. The cranial walls often composed of two tables,
an outer, somewhat yielding, an inner extremely dense or
vitreous, with an intervening cellular structure or diplde.

e, FA

Tore-Ling oF & HORSE,

a. Scapula. b. Humerus. ¢. Ulna. d. Radius. e, Pisiform. f. Cunel-
form. ¢. Unciform. A, Lunare, 4. Scaphoid. & Magnum (thesa
bones form the wrist or carpus, but together are commonly called
knee). I Middle metacarpal, or cannon bone. m. Third meta-
carpal “or splint bone, n. Sesamoid bone. o, Greater pastern,
or first phalanx. p. Lesser pastern, or second phalanx., #. Coffin
bone or ungual phalanx covered with nail or hoof. ¢. Coronary bone.

Some mammals, as e.g. the elephant, have their skulls hollowed
out into large air-spaces, so that they are not so massive as
they look. In all, the occipital bone articulates with the atlas
by two condyles, which are formed by the exoccipitals. There
is no para-sphenoid. The pre-sphenoid and basi-sphenoid are
ossified from distinct centres. There is no os quadratum,

unless, as some naturalists maintain, its homologue be found in
02
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the incus of the middle ear. The mandible is a single bone,
ossified from two centres; it articulates directly with the
mastoid (squamosal 7) bone. No post-frontals or ossa transversa
are met with.

Scapular arch and pectoral limb.—The scapula is a flat bone,
divided by a spine into two dorsal planes; there is also a

Fig. 535.

Hrxp-Livn oF A HoRrsE,

a, Pelvis, 4. Femur. c¢. Patella. d. Tibia. e. Oscaleis. #. Cuboid.
g. Astragalus. 4. Scaphoid. %. Ecto-cuneiform. I. Third Metatarsal
bone, m. Middle metatarsal bone, n. Sesamoid bone. o, p, and r.
First, second, and third Phalanges. ¢. Coronary bone.

dorsal aspect : these surfaces form respectively the pre-scapula,
meso-scapula, and post-scapula. The coracoid bone as a rule
has dwindled down into a short hooked process of the scapula ;
but in Monotremes it is avian in type, and reaches to the
sternum as a separate bone. The clavicle (collar-bone), when
present, reaches from the scapula to the sternum ; this bone,
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however, is not met with in mammals with prone limbs. As to
the upper limb itself, if we take a monodactyle mammal, as
e.g. a horse, in which the limbs present their simplest form, we
recognise a humerus, a radius, with which has coalesced the
usually separate ulna ; to these succeed a cluster of ossicles
or carpal bones, ; and these are succeeded by a metacarpal
bone and three terminal phalanges, which together form the
digits. In mammals who possess more than one digit, this
single digit corresponds to the middle finger.

Pelvie arch and hind limb.—The ilium, homologue of the
scapula, is a flat bone, and articulates with the sacral vertebree.
The ischium, homologue of the coracoid, forms the under part
of the pelvis, and, for the most part, surrounds the obturator
foramen. The pubes, homologues of the clavicles, form the
front part of the pelvis, and unite with each other anteriorly
at the symphysis pubis. All three bones assist in forming the
acetabulum, and all three are long distinetly recognisable as
separate bones. Taking still the horse as the type, we first
find a strong femur, which articulates with an equally strong
tibia, to which is joined the usually separate fibula; the
ossicles which succeed form the tarsal bones, but the joint here
formed is technically termed the knee ; to these bones a single
metatarsal bone succeeds, called the cannon-bone ; a triple row
of phalanges, called respectively the greater pastern, lesser
pastern, and coffin bone follow the cannon bone in a linear
series. Below the tarsal bones, the ossicles of both fore and
hind limbs have received the same names. These digits corre-
spond to the middle toe in those mammals which possess more
than one digit.

The exoskeleton and its appendages.—Mammals are generally
covered with a hairy skin. The most important modifications,
as e.g. in the Armadillos, will be referred to in describing the
mammalian orders. Teeth are generally present, occasionally
absent. When mammals only possess one set—which being shed
are not replaced by a second—they are called monophydont ; when
the milk set is succeeded by a permanent set they are called diphy-
odont. In the human subject there are thirty-two permanent
teeth, which have received the following names: The central
teeth, placed on the pre-maxillee, are the incisors ; the first
tooth in the maxilla is the canine; the next two are pre-
molars ; the last three {rue molars: the names of the lower
teeth correspond to the upper. The same nomenclature is
employed in describing the teeth of all diphyodont mammals.
The dental formula always refers to the permanent set when
the animal is diphyodont.
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CHAPTER XXXIV.

CLASSIFICATION OF MAMMALIA.

MammariA are divided into different orders by different natu-
ralists ; but, broadly speaking, one of two principles is followed,
the one of a somewhat artificial character, founded on anato-
mical and pyschological cerebral differences, and the other of a
more natural, but, as yet, not sufficiently worked out character,
founded on certain reproductive characteristics. The one is
called the cerebral, and the other the reproductive organs classifi-
cation.

In contrasting the two it will be perceived that while the
orders in the two schemes are, for the most part, similar, yet
that their relationship to other orders is often widely different ;
e.g., the classification founded on the reproductive organs
brings the Bat tribe, the Insectivores, and the smooth-brained
Rodents, into the same subclass with Man, while the anato-
mical classification places the three above-mentioned orders
together, but in a subclass far below even that of the Carnivora.
On the whole, the anatomical division groups the orders more
naturally than the other system, in spite of its own more artificial
character. This, however, is probably due to imperfections in
our knowledge of the natural system (as we must regard the
latter), rather than to any inherent inferiority in the plan
itself.

We may, indeed, safely infer that both classifications are but
tentative and temporary, and will eventually give way to a
classification which will embrace the entire Animal Kingdom,
and which, like one of the systems 1t supersedes, will be
founded upon the nature of the reproductive organs ; not, how-
ever, on any one particular, but upon a general review of all
the characteristics.

The analogy of botany enables us to speak with confidence of
the almost certain introduction and success of such a system :
in botany it is already an accomplished fact, on account of the
greater facility with which the ovaries, the stamens, and the
fecundation of plants can be studied. And when our know-

S
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ledge upon the subject is ripe, another Cuvier will appear, who
will group the whole Animal Kingdom in a classification as
natural and as correct as that by which plants are described and
distinguished. It will be the duty of the future classifier to
first of all divide animals into two classes, those multiplying
asexually and those which produce offspring by an impregnated
germ-cell. The first sub-kingdom will be subdivided into
animals which multiply fissiparously, and gemmiparously, by
external, or internal budding, &c. The other great division
will consider the circumstances of hermaphroditism, of the
character of the ovaries and their appendages, the nature of the
ovum: and its coverings, the morphological constitution of
the male organs and the spermatozoa, and all the various fea-
tures of development. We shall thus enlist embryology in the
service of the classifier, an ally of the most valuable charac-
ter, and one which we may already see will not uproot any of
the natural divisions already made, but will correct those which
are merely artificial and unsound. Amongst vertebrates, the
Anamniotic Fish and Amphibia will still follow each other in
close approximation, while the warm-blooded Vertebrata, birds
and mammals, will succeed each other, both being furnished
during development with an amnion. Such a system would not
rest content with a classification founded alone on placental
characteristics, but taking them inter alia, would review the
general features of the female and male organs, together with
the peculiarities of the development of the embryo.

The classifications of Mammalia at present in vogue are, how-
ever, the following :—

CEREBRAL CLASSIFICATION,

Orders Type
Sub-Class 1. Archencephala Bimana Man
Quadrumana . Ape

Lion
Bear

Hog
Ruminants

tf Unguiculata {

i Artiodactyla . {

Carnivora . {

Sub-Class 2. Gyrencephala U
ngulata, . - 1. 1 Horse
Perissodactyla. {1y -0 o
Proboscidia . Elephant

(Sirenia . . . Dugong

Mutilata . . | Cetaces’ . *.: . ’g’ﬂmle

: sloth

{
Brta .« - {3 madillo

_ Cheiroptera . DBat
Sub-Class 3. Lissencephala - Tiscdiisorpiies { gﬁ:j:!:w
: Rats

i Rodentia . : -[ Have

Marsupialia . Kangaroo

Monotremata . {Gr'“th“'

Sub Class 4, Lyencephala
rhynchus
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In reference to the above, it must be remarked that the
marsupials and monotremes, which are distinguished as Lyen-
cephala, or loose-brained, from the supposition that they do not
possess a corpus callosum, are now said to be furnished with
that organ, so that their separation from the Lissencephala is
unwarranted. .Again, the elevation of man to a distinet sub-
class, Archencephala, however pleasing to our vanity, or correct
in a purely psychological point of view, cannot be regarded as
anatomically accurate, as there are not sufficient purely anatomical
grounds for separating him from the rest of the Gyrencephala.
With these exceptions, however, the classification must be re-
aarded as, for a time, a very good one.

PLACENTAL OR BEPRODUCTIVE (ORGANs CLASSIFICATION.

Order Type of Placenta
[ Primates Discoid
Carnivora Zonular
2 . . 4 Insectivora Discoid
Sub-Class 1. Monodelphia, Deciduata Olisitisars Discoid
Rodentia Discoid
~ Proboscidia Zonular ?

9
Diffuse in Hogs,
Artiodactyla { Cotvledonous
in Ruminants
Perissodactyla Diftuse

Doubtful  Sirenia
i~

Non-Deciduata

Cetacea Diffuse
_ Bruta
Sub-Class 2, Didelphia . " . Marsupialia Aplacental

Sub-Class 5. Ornithodelphia . .  Monotremata Aplacental

This classification, in associating such totally dissimilar orders
as Proboscidia and Primates, Carnivora and Cheiroptera, is
manifestly imperfect, and even misleading ; but, for reasons
given above, we may rationally suppose that these errors are
due to an imperfect and partial view of the question rather than
to any radical flaw in the system itself.

Professor Huxley, who adopts the above classification, divides
the entire sub-kingdom of Vertebrata as follows.

He divides them, in the first place, into three classes :
1. Mammalia ; 2. Sauropsida (raipa, a lizard ; 6yuc, look, aspect),
which includes both Aves and Reptilia; and 3. Ichthyopsida
(rxFve, a fish, 6du), which includes Amphibia and Pisces.

1. Mammalia he arranges, according to the placental
characters of the female, into those possessing a discoidal
deciduate placenta, those possessing a zonary deciduate placenta,
those possessing a non-deciduate placenta, and those not
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possessing a placenta at all. Each of these sub-classes contains
the following orders :—

Mammalia possessing a discoidal deciduate placenta :—
1. Primates.
a. Anthropidée (Bimana).
5. Simiadss (Quadrumana).
y. Lemuridse (Quadrumana),
2. Insectivora.
3. Cheiroptera.
4. Rodentia.

Mammalia possessing a zonary deciduate placenta :—

1. Carnivora.
2. Proboscidea.
3. Hyracoidea (consisting of the single genus Hyrax).

Mammalia possessing a non-deciduate placenta :—
1. Ungulata.
2. Cetacea.
3. Sirenia.
4. Edenta.

Mammalia not possessing a placenta at all :—
1. Marsupialia.
2. Monotremata.

2. Sauropsida (Auves et Reptilia).

Aves into three orders.

1. Saurur® (sadea, a lizard ; olpd, a tail) : only contains the
fossil Archeopteryx.

2. Ratitee (rafis, a raft) : include birds whose sterna are not

keeled, e.g. Ostriches.
3. Carinatee (carina, a keel) : birds whose sterna are keeled.

Reptilia into four living and five extinet orders.

Crocodilia,

Lacertilia, livin

Ophidia, ] g

Chelonia,

Ichthyosauria (ixfic, a fish ; oafpa), )

Plesiosauria (wAyoior, near ; saipa),

Dicynodontia (é-, two ; kdwr, a dog; ddoic, a
tooth),

Pterosauria (wripor, a wing ; saipa),

5. Dinosauria (dewvéc, terrible ; caipa), J

e ol

vextinet.

-
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3. Ichthyopsida (Amphibia et Pisces).

Amphibia into four orders,

1. Urodela (odpd, a tail ; éijloc, manifest) : Proteus, Newts,
&e., &e.

2. Batrachia (Sarpayoc, a frog) : Frogs and Toads.

3. Gymnophiona (yvuric, naked; oé.¢, a snake): Cecilia,
de., &e.

4. Labyrinthodonta (labyrinth ; ddodg, a tooth) : extinct.

Pisces into six orders,

1. Dipnoi (é-, double ; mwroi, breath) : Lepidosiren, &ec.

2. Elasmo-branchii (éAacua, a thin plate ; Fpayywe, gills):
Sharks, &ec.

3. Ganoidei (yaroc, brightness) : Lepidosteus, Polypterus.

4. Teleostei (ré\ewoe, perfect ; dorior, a bone): most living
fish.

5. Marsipo-branchii (uaprimoc, a pouch) : Lampreys and Hags.

6. Pharyngo-branchii : Amphioxus.

i AR e+ Py = gy e eyt e
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CHAPTER XXXV.

Crass V. MaMmMALIA—DESCRIPTION OF SEPARATE (ORDERS,

1. Monotremata possess a coracoid bone, which, like the
same bone in birds, extends from the sternum to the scapula.
The sternum is keeled. They are edentulous, or possess simple
calcified teeth. A common cloaca receives the openings of the
digestive canal and the urino-generative organs. There is a
supplementary tarsal bone, or spur, in the male, which is
perforated. Only two genera are found in this order, and both -
are Australian—the Duck-Mole, and the spiny Ant-eater, or
Echidna.

Monotremata are implacental, and the young are born in a
very immature condition. There are, improperly termed,
marsupial bones on the female pubes, which are really ossifica-
tions of the internal tendon of the external oblique muscle ;
these bones do not support a marsupium or pouch. The angle
of the jaw is not inflected.

The Duck Mole, or Ornithorhynchus paradoxus, appears to be
the connecting link between Mammals and Birds, as the Ptero-
dactylus is the link between the Birds and Reptiles. This
singular animal is shaped like, and somewhat resembles, a large
mole, but its jaws are prolonged in the shape of a broad
flattened bill like the beak of a duck, and bears the nostrils
upon its upper surface. Its five claws are all connected by a
webbing, like the feet of a natatorial bird, and each of its
hinder feet carries a spur, which communicates with a poison-
gland placed behind the tarsus. There are also sternal osseous
ribs, as in Birds. The mode in which the young Platypus is
first nourished is unknown, but it is conjectured that the horny
bill is preceded by a suctorial mouth, which is probably placed
in communication with the teats of the mammary ngds

The Echidna resembles a large hedgehog, and is furnished
like the Platypus, with an edentulous duck-like bill. The feet
are five-clawed, but they are not webbed. Both the Echidna
and the Ornithorhynchus are crepuscular or nocturnal in their
habits, as is the case with so many of the Australian Fauna.
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Order 2. Marsupialia comprise Kangaroos, Phalangers,
Wombats, and Opossums. They inhabit Australia, with its
neighbouring islands, and North America. They are named
from the fact that they possess pouch-like bags attached to the
so-called marsupial bones, which are processes of the pubic
bones. In the male the pouch is everted, and supports the
penis ; in the female it is inverted, and serves as a receptacle
for the offspring. ¥ach oviduct of the female leads into a
perfectly distinct uterus, which opens into a separate vagina,
which is also the passage for the urine. This double condition
of the uterus gives the name of didelphia (di-, two ; dehgdy, the
womb) to the order. That this is scarcely a sufficient circum-
stance upon which to ground the placental classification above
referred to, is seen in the fact, that even the human uterus
occasionally presents this peculiarity. Such a reversion is
evidence enough that this double condition of the marsupial
uterus does not constitute a broad line of demarcation between
them and other mammals. In the male the vasa deferentia
open into a cloaca common to the urinary and generative
secretions, but which is perfectly distinet from the passage for
the faeces. Marsupials are implacental. The young are born
in a very immature condition, and are conveyed by the tongue
of the mother from the uterus to the marsupium, where they
are glued, by a viscid secretion, to one of the nipples in that
pouch. Here the young marsupial lives and grows, the milk
being squeezed into its throat by the action of a sphincter
muscle, which surrounds the gland itself, and therefore is not
sucked. The epiglottis rises like a plug to be fixed into the
posterior nares, so that the young creature is saved from any
risk of being choked by the milk going ¢the wrong way.” The
cranium is composed of bones joined by suture. The coracoid
bone is not a separate bone as in Monotremata, but is appended
as a process to the scapula. Teeth always present, but only one
set are ever cut.

The Wombat is a mnocturnal, phytophagous marsupial, in-
habiting Australia ; it resembles a gigantic guinea-pig, with
short stumpy legs, no meck, no visible tail, and a very fat
round body covered with soft, light brown hair. Dental formula
1-1.0-0 o lalile
17 Yigme Mgy T =as
The Kangaroo is also a phytophagous Austraha.n marsupial,
distinguished by the great length and strength of the hinder
limbs, which are the chief means of locomotion, and which in
the ‘old man kangaroo,’ assist the tail in preserving an equili-
brium in the sitting position. The fore limbs are very slight,

{
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and are used chiefly as organs of prehension. Dental formula
. 3-3 0-0 1-1 4—4
Y ke ey v e

The Phalanger, Koala, or Native Sloth, is an arboreal phyto-
phagus Australian marsupial, abont the size of a large fox.
There are strong claws, two in front and two behind. They
are called Phalangers because the second and third toes on the
hind limb are united together. The Flying Phalanger, or
Petaurus, performs extraordinary leaps or short flichts by the
aid of an integumental cloak, which the animal can extend
between the fore and hind limbs.

Some of the marsupials, termed consequently Enfomophaga,
are not herbivorous, but carnivorous in their habits. They
comprise the Bandicoots (Paramellide) and banded Ant-eater
(Myrmecobius) of Australia, and the Opossums of America
(Didelphidce).

The Opossums are arboreal, and feed on birds, small animals,
and fruit ; they have prehensile hind feet and prehensile tails.
The marsupium is often rudimentary, the young being early
carried upon the mother’s back, where they keep their hold by
twining their long prehensile tails around her body. Dental
5—56 1-1 3-3 4-—-4
b i o0 il

The Thylacine is another carnivorous marsupial, about the
gize of a collie-dog, inhabiting Tasmania, and the low-looking,
broad-headed, fierce, little Tasmanian Devil (Dasyurus wrsinus)
1s another.

Order 3. Rodentia are distinguished from all other Mam-
malia by their peculiar dentition. There are two long curved
incisors in each jaw, which serve for gnawing the barks of trees
or other substances, on which the rodent feeds. Their anterior
surface only is covered with enamel ; the rest of the tooth is
composed of softer dentine, which, wearing down sooner than
the enamel, always leaves a sharp chisel-like edge to the tooth.
They are always growing from a persistent vascular papilla
situated at their base. The incisors are separated from the
molars by a wide interval. The former are called from their
chisel-like edge dentes scalparii. Rodentia possess five toes on
each foot. The orbits are not separated from the temporal
fossee. Clavicles rudimentary. The hind legs of many, e.g.
the Hare and Jerboa, are much longer and more powerful than
the fore legs; they are used in locomotion, and remind one
of the legs of the kangaroo. Intestine is long and complex.
Testes descend into a scrotum during the rutting season, and
then ascend again. Many hibernate. Most rodents are small

formula, i
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creatures, but the Capybara attains a length of four feet. This
order also contains Hares, Cavies, Porcupines, Beavers, Rats,
Jerboas, Dormice, Squirrels, and Agoutis. The Beaver, in spite
of its smooth unconvoluted brain, shows much ingenuity in the
construction of its dwelling-places, felling logs with its teeth,
placing them as dams across a stream, arranging others to form
a shelter from the wet, and welding them together by a mortar
of mud, which it lays on with its flat, secaly, trowel-like tail.
The Flying-Squirrel (Pteromys) possesses an integumental cloak,
like that of the Pefaurus, stretching between the fore and hind
limbs, and endowing it with similar powers of leaping and
taking short flights. The rodents are the most numerous of
all the mammalian orders, containing upwards of thirty different
1-1 0-0 6-6 _2-2
genera. Dental formulai: T e e i 88 or . =i 28 or 12.

Order 4. Insectivora are also distinguished by their den-
tition. In them we find incisors, canines, and molars. The
latter are the peculiar teeth, their summits being furnished with
numerous cusps. ‘They are unguiculate, plantigrade, and
pentadactyle, and they have complete clavicles.” This is a very
widely distributed order of small smooth-brained mammals. The
Shrew, the Hedgehog, and the Mole are examples of the order.
Like Rodentia, the Insectivora hybernate and possess testes,
which periodically descend into a secrotum, and then re-ascend
into the abdomen. They often burrow and are nocturnal in
their habits. The Moles burrow with their fore paws; the
entire fore limb being immensely strong. The humerus is a short
but broad and flattish bone, with extraordinary processes and
juttings for the attachment of muscles. The palms of the claws
are turned outwards. The tail is short or wanting. The optic
nerves are really present, but are atrophied in age. Dental

3-3 1-1 4-4 3—3
formula, 5 —a S A 3:3—44.

The Sorex Etruscus, one of the Shrews, is the smallest known
mammal, only measuring 2} inches from snout to the tip
of the tail. The Hedgehogs possess a spiny exoskeleton,
covering the entire body, and lined with a plane of cutaneous
muscular fibres, the platysma, which, contracting, pulls the
prickly hide over the head and tail, and rolls the animal into a
ball. Dental formula, i 3+ i I P el oD g
d g -—3 0—0 3-8 3—3

Order 5. Cheiroptera (y:ip, a hand; =répov, a wing) are
distinguished by the peculiar modification which their digits
undergo ; they are all, except the thumb, immensely lengthened
and provided with a membranous covering, which passes in a
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wing-like manner from the webbed phalanges to the lower
extremities ; the phalanges of the thumb are much shorter
than the rest, and terminate in a hooked process, by means of
which the animal clings to the branches of ivy or the projecting
parts of walls. The integumental cape is called the patagium ;
it envelopes the hinder part of the body, and stretches between
the fore and hind limbs ; it acts like an expanded umbrella,
and enables the animal to take rapid and long-continued flights
—the Bat is indeed the only true flying mammal. The external
ear is very large, and copiously supplied with nerves, rendering
it a most acutely sensitive organ of touch : the sense of hearing
is also very highly developed. The Vampire Bat has a curious
leaf-like integumental expansion covering the nose; the ears
are comparatively small, and the animal is carnivorous. The
phytophagous Bats comprise infer alivs, the Pleropus, or Fox Bat,
which is a fruit-eating bat, although it possesses a head almost
exactly resembling a fox. Dental formula in insectivorous Bats
. 0=0 1-1 1-1 3—-3

18 4 0=0 or T3 ﬂl--~1 m 3-73=14= or 18.
=1 6—6

; e e |
In frugivorous Bats it is 4 s | M o

Order 6. Bruta are many of them perfectly edentulous;
others possess teeth, which, however, consist of dentine only,
and are never replaced by a second set. They possess more
ribs (twenty-three pairs) than other mammals. Omne species,
the three-toed Sloth, has nine cervical vertebree.

They are all provided with long strong claws, which serve
them for weapons wherewith to dig up their insect food. The
testes are abdominal. There is a common cloacal outlet,

All Bruta are monophydont, if they possess teeth at all : the
central incisors are never developed, and the canines rarely so.
Clavicles generally present.

A placenta is present during development. There are some
features which connect them somewhat closely with the Sau-
ropsida, such, e.g., as the convolutions of the trachea, the in-
creased number of cervical vertebrze, the slowness of movement,
and the shape and number of the ribs which are met with
among the Sloths.

Bruta comprise Sloths, Pangolins, Ant-eaters, and Arma-
dillos.

The Sloths (Bradipodide) are South American phytophagous
Bruta, which pass their lives among the branches of the pri-
meval forests, hanging by their powerful hooked claws back
downwards from the boughs, and travelling in the same fashion,
with ease and rapidity, from tree to tree. The Unau, or two-

36.



208 COMPARATIVE ANATOMY.

toed Sloth, is furnished with two toes upon each foot, all sup-
plied with long, curved, strong claws: it also possesses twenty-
three pairs of ribs. The A4i, or three-toed Sloth, has nine
cervical vertebrze, three short toes furnished with enormously
strong curved claws, and sixteen pairs of ribs. The fore limbs
are much larger than the hind limbs, and the fore and hind
paws are articulated to the bones above at an oblique angle, so
that when standing on all fours the animal cannot apply the
soles of the feet to the ground, but shuffles along on their sides,
as though suffering from talipes varus; this, however, is the
most advantageous angle for progression and for security when
hanging, more suo, from the branches of trees. A remarkable
rete mirabile is found in the axilla, which nourishes and sus-
tains the muscles of the limbs during their long tonie contrac-
tions.

The Armadillos (Dasypodide) are South American insectivo-
rous Bruta, with strong, digging claws and clavicles. The
molar teeth are very numerous, sometimes numbering 100, and
the exoskeleton is very strong, forming a dense jointed coat of
mail, which, however, leaves the middle of the back uncovered ;
in fact, there are two large plates, one for the head and another
for the hinder part of the body. The great fossil Glyptodon of
the Pleistocene strata belongs to this group.

The Ant-eaters and Pangolins, the former confined to South
America, and the latter found in Asia and Africa, are insecti-
vorous Bruta of singular conformation. The great Ant-eater
(Myrmecophaga jubata), of the size of a wolf, has a body covered
with long hair, a large bushy tail, feet terminated with powerful
digeing claws, and a small head ending in a long bony snout,
which is about four inches wide and a foot long. This eden-
tulous snout contains a narrow muscular tongue, which can be
protruded two feet beyond the tip of the snout, and being coated
with a viscid secretion, serves to catch the insects (Termites,
&c.), which form the food of the animal.

The Pangolins (Manide) are coated with an imbricated exo-
skeleton, in which they can wrap themselves like hedgehogs, by
the contraction of a similarly fashioned platysma ; they obtain
their food like the Ant-eaters of South America, by digging up
the nests of Ants with their strong claws.

The fossil Megatherium belongs to this group.

Order 7. Siremia (oepqv, a siren or mermaid) are phyto-
phagous in their diet, and consequently possess molars as well as
incisors ; they develop both a temporary and a permanent set of
teeth ; i.e. they are diphyodonts. The nostrils are situated on
the top of the snout, and are beset with stiff bristles. They
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possess vesiculee seminales, salivary glands, and a membrana
nictitans, which Cetacea do not.

The Dugong and the Sea-cow are illustrations of this order.

In one genus (Manatis) there are but six cervical vertebrz.
In all, the mammse are pectoral, whereas in the Cetacea they
‘are inguinal.

They are adapted to an aquatic life, and have smooth india-
rubber-like skins, and a powerful horizontally flattened integu-
mental caudal fin. There are no hind limbs. There are no
clavicles. The zygomatic arch is enormous. The heart is so
deeply cleft at the apex as to give it the appearance of being
double. Anterior limbs act as paddles. Dental formula of
of young Manatee : 1 gig mn g:-g:d;l}. They browse upon the
sea-weed and fuci of the rivers and sea coasts, where they are
found. The extinet Rhytine belonged to this order.

Order 8. cetacea (xijroc, @ whale) are fish-like in form and
habits. They are either edentulous or monophydont, i.e. pos-
sess but one set of teeth. They are the largest of all living
forms, and, next to the elephant, their brains are the heaviest
known, weighing about five pounds. The nostrils are situated
on the top of the head, and constitute the blow-holes or spiracles.
The peculiarities of their respiration are described under the
Physiology of Mammalia. This order includes the Whales
and Dolphins. All possess a large horizontally flattened caudal
fin.

The body is generally smooth and hairless. The testes are
abdominal, and there are no vesiculse seminales. No hind limbs
or sacrum, but a small pelvis is present, which supports the
penis or clitoris. No clavicles. The head is enormous, often
forming half the entire bulk of the animal.

The Balenide, or whalebone Whales, are all toothless whales.
They comprise the largest of all living creatures, the Greenland
‘Whale, which is the Corypheeus of the group, attaining a length
of sixty or seventy feet, a third of which is formed by the head.
This enormous head is nearly all mouth, which, curiously
enough, leads to a very small cesophagus, not much larger
indeed than the human gullet. This is due to the fact that the
monsters live on minute prey, small Pteropoda constituting the
chief article of diet. The mouth is filled with vertical fringed
plates of balleen,” or whalebone, which, sunk into the roof of
the mouth by their base, have their free edges minutely fringed,
and these fibres hanging close alongside one another, serve as a
very efficient strainer, entangling the smaller fry, but rejecting
large and unsuitable creatures.

E
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The Finners belong to the Balsenidse, and are characterised by
having a dorsal cutaneous fin, a furrowed skin, and very large
fins or ‘flippers.” The blubber of the Bal@nid= is the subcuta-
neous fat, which exists in enormous quantities for the purpose
of maintaining the animal heat during their protracted immer-
sion in the depths of the Arctic seas.

The toothed Whales (Odonfoceti) form another group of
Cetacea, all of whom possess a great many large conical teeth,
implanted in alveoli and occupying the lower jaw. The teeth of
the upper jaw are abortive, and do not cut the gum. The
Sperm Whales are included in this division ; the blubber in
them is supplemented by a clear oil, which, removed from the
body, hardens into spermaceti. The intestines also contain
vast masses of a curious biliary secretion, known as ambergris,
which is used in perfumery. The head is large and abruptly
truncated, like the cutwater of some steamers ; it occupies about
a third of the entire animal, and is therefore sometimes as
much as ten yards long. The nostrils are placed at the end of
the muzzle, The Physeferide, as these Sperm Whales are
called, swim in large societies or schools.” The males are
much larger than the females.

Another group of Cetacea comprises the Dolphins, Narwhals,
and Porpoises, and is known as Delphinide, all of whom possess
teeth (sometimes curiously modified) in both jaws. The
Delphinidse are less aberrant in shape than the other Cetacea,
the head only forming about one-seventh of the entire animal.
The spiracle is single, and placed on the top of the head : it is
generally transverse in direction, and lunate in shape. The
common Porpoise (Phocena communis) is by far the hest known
member of this group ; it somewhat resembles a pig in shape,
and is about the same size. The head is not so sharp as in
Dolphins, The Grampus also belongs to this group. The
Narwhal is remarkable for its dentition. The female is eden-
tulous, except that there are two incisors in the upper jaw,
which do not cut the gum. The male has an edentulous lower
jaw, but the upper incisors are developed ; the left one grows to
a length of ten feet, and projects in a right line from the snout.
It is spirally twisted, and is extremely hard, dense, and heavy ;
and so gigantic is the force with which the animal can wield it,
that it has been found buried to a depth of four feet in a ship’s
side, having penetrated oak and iron in its passage.

The right upper ineisor is present, but in a rudimentary con-
dition, never being developed sufficiently to ecut the gum.

The skull of Cetacea is remarkable, and differs from the skull
of all other mammalia in the bony ear-capsule being separable
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from all the rest of the bones of the skull, and only connected
to the cranivm by licament. This bone constitutes what is known
as the ‘ ear-bone’ of the whale.

The peculiarities in the circulation and respiration of Cetacea
are referred to under the head of the Physiology of Mam-
malia.

The UNGULATA or hoofed mammals, which form the next
subclass, are all diphyodont in dentition, and possess large ena-
melled molars with broad crowns; they all have digits enclosed
in a strong epidermic growth, the hoof. They comtain three
orders, Proboscidic or Pachydermata, Artiodactyla or Rumin-
antia, and Perissodactyla or Solidungula.

Order 9. Proboscidia comprise the Elephant and the
extinet Mastodon, the Dinothere, and the Mammoth. Pro-
boscidia are characterised by a pecnliar dentition, and by a
singular modification of the nose. There are no canine teeth,
but the incisors are developed into fusks, which, in the elephant,
grow from the upper jaw ; in the Dinothere they grow from the
lower jaw ; and in the Mastodon from beth jaws. These in-
cisors are associated with molars, of which there are not fewer
than six on each side of both jaws. The nose is prolonged into
a long, flexible, highly-sensitive, muscular trunk, in which
Cuvier counted no less than 20,000 distinct muscles, which is
terminated by a small prehensile appendage like afinger. They
are pentadactyle. The testes are abdominal ; the mamme are
pectoral. The dorsal vertebrze and ribs number about twenty,
and the lumbar vertebrsze about three. There are about four
vertebrze in the sacrum, and about twenty in the tail. The
bodies of the cervical vertebrze are very much flattened, re-
minding one of the condition of the vertebrae in Cetacea, and
the neck is consequently short. The skull is very large, but
contains very large loculi or spaces for air, which materially
lighten the massive structure. The premaxillee are large and
the nasals small; the mandible forms a bifid curled projec-
tion at the symphysis. The super-occipital crest is high,
affording attachment to the powerful muscles of the neck.

There are no clavicles. The scapula is shaped much as in
Ruminants, and is placed vertically over the bones of the fore
limb, the carpal bones and digits are short and massive ; a very
strong thick pad intervenes between the toes and the ground,
The pelvis and pelvic limb very much resemble the scapular
arch and fore limb. There is no round ligament in the
acetabulum.

D e ., 1-=1 2—12
ental formula— Elephant: 4 i 2=1EL
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Dental formula : Dinothere : & 0-0 m 2-2 =10.
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The incisors always form tusks. The molars are very large and
massive, with transverse plates of inflected enamel.

Order 10. Perissodactyla (mepoodc, odd ; ddxrvior, a finger)
comprise the odd-toed Ungulata, whether the digits be one, as
in the Horse, or three, as in the Rhinoceros. The dorso-lumbar
vertebrse are numerous, but are never fewer than twenty-two.
The femur possesses a third trochanter. If the specimen be
horned, the horn is either single, or one horn is placed behind
another, but always in the median line. The horns, when
present, are always dermic growths. The alimentary canal is
simple, but the cecum is very large. Many of the Perisso-
dactyla are fossil, e.g. Palseotherium, Hipparion, &e. It is now
represented by the Horse, the Rhinoceros, the Tapir, and the
little Hyrax.

The Horse, which with the Ass and Zebra, forms the old
order of Solidungula, has only a single perfect toe on each foot,
coated with a mail called a hoof, so that the horse walks and
runs not merely on its toes but on its nails.

.3=3 1-1 3-3 3-3
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Dental formula R R e 3

The Limbs of Horses.—The scapular arch consists of a scapula

alone, which is slung-among the muscles of the back by the

levator anguli scapule and serratus magnus muscles ; the scapula
is placed at an angle both to the spine and to the fore limb,
increasing the elasticity of the limb, and distributing the
concussion when the Horse alights upon its fore feet ; the more
this is the case the more ‘ragged hipped’ or shouldered is the
Horse. The scapula is a narrow bone, and has a small coracoid
process and no acromion, The humerus is concealed in the
muscles of the trunk, and is directed backwards from the
scapula. The radius forms nearly the whole of the fore-arm,
the ulna being very small and anchylosed to it. There are
seven carpal bones—all, in fact, but the trapezium, being
present ; to these succeed the metacarpal bone of the third
finger, and three phalanges, which are termed, from above
downwards, the cannon bone, the greater and lesser pasterns,
and the coffin bone. Small splint-like metacarpals from the
second and fourth toes support this central one on either side.
but do not reach the ground.

The pelvis, like the scapula, is elongated, and articulates with
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the spine and femur at a double angle. The femur is short,
hidden in the muscles of the buttock, and furnished with a third
trochanter. The tibia forms almost the whole of the leg; the
fibula being merely a small splint bone, which is lost about half-
way down the leg. There are seven tarsal bones, and to these
succeed a linear series of bones, which exactly correspond to
the arrangement in the manus.

The Rhinoceros has three toes, on which it walks, upon each
foot ; one, or two, dermic horns also are present. The nasal
bones are very large.

Hidlagit. onl o ip A ST
Dental formula : 4 5T i - =30,

The Tapir has four toes on its fore feet, and three on its hind
feet, a short snout, projecting nasal bones, and a short stumpy
tail.

A JeBe S Temilip o Sl |
Dental formula : ¢ e R e T e 42,

The Hyrax is a little animal of the size of a rabbit, found in
Syria, with four toes on its fore feet, and three toes on its hind
feet. There are upwards of thirty dorso-lumbar vertebrze.
.2-2 4—4 3—3
gl R Y

Sometimes this animal is elevated to a distinct order, the
Hyracoidea. It is the ¢ Coney’ of Scripture.

The derm of all the Perissodactyla, but particularly that of
the Rhinoscerida, is remarkably thick and tough, which gave
the old name of Pachydermata to the group.

No order affords stronger evidence of the direct descent of one
species or genus from another quite distinct one, than this order
of Ungulata, the Horse being traced by a succession of the
finest links, first to the three-toed Hipparion, and back from
Hipparion to the Anchitherium of the Eocene strata, in whom
not only were there three digits on each foot, but distinct and
perfect fibulee and ulnse.

Order 11. Artlodactyla comprise the even-toed Ungulata.
“The digit answering to the third in the pentadactyle foot is
unsymmetrical, and forms, with the fourth, a symmetrical
pair.” The number of dogsal and lumbar vertebra may each
vary in different species, but added together they almost in-
variably number nineteen. The Artiodactyles are not always
horned, but if they possess these appendages, they are always
double, and are supported by a bony core; they are never
placed in the median line.

Dental formula :
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Most Artiodactyla possess a complex stomach, and a com-
paratively small ceecum. Many species are extinct, e.g. Mi-
crotherinm, Anoplotherium, &e., but it is also very numerously
represented at the present day.

Most Artiodactyla do not develope all the teeth, some, as a
rule, being abortive ; but the typical dental formula is

0=04 200 980 oitemn
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Artiodactyla comprise ruminating and non-ruminating
animals. The Ruminantia contain five families—Camelidze,
Tragulidee, Cervidee, Camelopardse, and Cavicornise ; the Non-
Ruminantia contain three families—Hippopotamids, Suide,
and Anoplotheridz.

The Camellide include Camels, Llamas, and Alpacas. They
only possess two functionally active toes on each foot, which are
partially encased in a horny hoof and rest upon an elastic pad or
cushion, which is homelogous te the ‘frog’ of a Horse’s foot.
There are no horns. The dentition is peculiar, there being twec
eanine-like upper incisors in addition to two true upper canines.
The hump is a dermic or rather subdermic growth, composed of
fat and cellular tissue. The paunch of the Camel is divided into
deep pits, with muscular sides and tops, the latter contracting
converts these pits into barrels, which, being filled with water
before they start on a journey, can be tapped at will during
the trip.

The Tragulide, or Musk Deers, are peculiar in possessing
eanine teeth im both jaws, the upper ones in the male forming
tusks ; in the second and fifth digits of both fere and hind feet
being complete ; and in the anchylosis of all the tarsal bones.
The red blood-cells of the Musk Deer are smaller than those of
any other vertebrate, only measuring szi;;th of an inch in
diameter.

The Cervide include all the true Deer. All the males possess
dermic horns, which are shed in the autumn, and grow rapidly
in the spring ; very rarely, as e.g. in the Reindeer, the female
developes antlers as well as the male.

Growth of Antlers.—The horns of Stags are always shed once
a year ; they are developed from the frontal bones, and during
growth are covered by an extension gf the integument called the
‘velvet ;’ the external carotid arteries, and all the cutaneous
vessels increase vastly in size, and yield a rich supply of blood
to the growing antler ; when growth is completed, a horny
eireumferential rim just above the frental bone, and called the
‘burr,” becomes more pronounced ; the growth of this burr
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extends inwards until it becomes perfectly dense and impervious
to vessels ; the velvet, or skin, then dies and peels off, leaving
the bony antlers bare and hard ; the supply of blood becomes
smaller and smaller, and by-and-by the vascular connection
between the antlers and the frontal bone is quite suppressed,
and the horns then drop off. The piece of bone between the
burr and the frontal bone is called the pedicel. The various
parts of the antlers of a stag have received the following names.
The main stem is the beam, the branches are the tynes, and the
branchlets the snags. The first tyne is the brow tyne, the
second is the bez tyne, the third is the royal, and the cluster at
the ‘crown’ are the sur-royals. The Stags only develope a
perfect set in the course of several years; thus a one year old
Red Deer is called a brocket, and only developes the beam, such
antlers being called dags ; the next year the Deer is a spayal,
and grows brow tynes ; the next year the Deer, called a staggard,
developes bez tynes and royals ; and 1t is not until the fifth year,
when the animal is called a stag, that the antlers are completed.
The corresponding names of the Fallow Deer, are first year a
pricket, second a sorel, third a sore, fourth a buck, and in the
seventh year, when the antlers are complete, a full-headed buck.
The Elk and extinct Irish Elk belonged to this family, and de-
veloped antlers of enormous magnitude. All the Cervidee possess
large glands beneath the eyes lodged in ¢ tear pits,” which pour
out a copious watery secretion, especially under excitement.

The Cameloparde include the Giraffes, and are known by
possessing two permanent stumpy frontal horns. The neck,
long as it is, only consists of seven cervical vertebrse : the
tongue practically increases the length of the neck, being used
as an organ of prehension ; it can be protruded for a foot or
more beyond the mouth, and wound around the branches
of trees,

The Cavicornia (Bovide) include oxen, sheep, goats, and
antelopes. Males always, females generally, possess permanent
horns, containing an interior core, which rises as an exostosis
from the os frontis, the entire core being coated with horn ; the
horns are often beautifully twisted and curled.

. 0-0 _0-0 6—6
Dental formula : ¢ 3_'33 o m -GTG._SE,

Turning now to the non-ruminating division of Artiodactyla,
we have first the Hippopotamide. The Hippopotamus is a
huge unwieldy mammal, nocturnal in habits, phytophagous in
diet, and aquatic in its locomotion. The mouth contains a
huge ragged row of teeth, some serving to rake the aquatic
herbage together, others to cut it, and others to grind and
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masticateit. Dental formula: 1,2 =2 e 1- 1 it ?—4{}. The

2-2 1- 1 =7
lower canines form the great shovelling tusks.

The Suide, or Pigs, are recognised by having only two
functional toes on each foot, and by their dentition—the lower
or upper canines curling upwards into a formidable tusk, which
may remain erect as in the Wild Boar ; or as in the Babyrussa,
where they are the upper canine teeth, they may turn round and
round like a French horn, until they may even penetrate the
skull of the owner, much as a Fakir's hand is pierced by
the finger nails of his long clenched fist.

Detital formuila vy 2= 2 1 =1 858 w1 Sl

2=2¢ 1=1 3-3 =T
Order 12. Ccarnivora, the first order of the Unguiculata
(unguis, a mail) or mailed mammals, comprise the great
banditti of nature in the fierce beasts of prey. They are dis-
tinguished by the possession of retractile or non-retractile claws,
and their dentition. There are both milk and permanent

teeth, for which the formula is as follows :—incisors, g:g,
: 1-1 3—3 :
canines, et molars, gos! The canine teeth are always

very largely developed, and serve as powerful lethal weapons.
The clavicles are rudimentary, or quite absent. They are
subdivided, according to the character of their limbs, into Pinmni-
grades (pinna, a feather ; gradior, to walk), which includes the
Seal and Walrus tribe; Plantigrades (planta, the sole of the foot),
which includes the Bears, and all flat-footed Carnivora ; and,
lastly, the Digitigrades, or Carnivora that walk on their toes,
which subdivision includes the Cat and Dog tribe. The mammee
are abdominal, and the placenta is zonary.

Skeleton of Carnivora.—Cervical vertebree seven. The trans-
verse processes of the atlas and axis are very long, affording
attachment to powerful musecles, which move the head in tearing
prey.

Dorsal vertebre thirteen to sixteen, with the spinous processes
of the upper vertebrze projecting backwards, and those of the
lower projecting forwards. Lumbar vertebre four to seven ;
spinous processes short and broad. Sacral vertebre four to
seven. Coaudal vertebre six to twenty-three.

Skull.—Super-occipital crest very high, and largely developed
for attachment of muscles; but the posterior surface of skull is
small, the chief length being due to the large size of maxillee and
premaxillze. The implantation of the canine teeth is indicated
externally by a very large and prominent buttress of bone.

o O il el e ot o e B
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Orbits not separated from temporal fossee. Turbinals large and
convoluted in association with the high development of the
sense of smell. The zygomatic arch stands out very boldly from
the skull, leaving a very deep temporal fossa for the origin of
the immensely powerful femporalis or crotalis muscle. The
mandible is large and powerful, with a very small angle. The
cerebrum is separated from the cerebellum by a bony tentorium.
The mastoid bone forms a large tympanic bulla, which increases
the vibrations of sound. All carnivora have two sets of teeth,.
all of which are coated with enamel.

Appendicular Skeleton.—Scapula flat and broad, divided into
two almost equal parts by the spine. Humerus, a long strong
bone, a good deal bowed, so as to aid in distributing concus-
sions. Radius and ulna both present ; radius the larger bone
of the two, and placed directly in front of ulna. Carpal bones
small, eight in number. Five metacarpals and five digits,
placed nearly vertically. The strong curved claws are kept
hidden when at rest—*le main de fer avec le gant de velours —
being retracted by an elastic ligament which is connected with
their dorsal aspect ; but when brought into use they are pro-
truded with tremendous force by the flexor longus digitorum.
They are placed on one side of the ungual phalanges, and do
not linearly succeed them.

Pelvis is short, but strong and compact. Femur a long and
very powerful bone. Tibia and fibula both perfect ; the fibula
being placed directly behind the tibia. Seven tarsal bones.
Os caleis forms a very prominent keel. Five metatarsals and
digits, placed vertically as in fore paw. Carnivora comprise
Pinnigrada, Plantigrada, and Digitigrada.

The Pinnigrada are the Seals and Walruses. The fore feet
are webbed and form paddles. The hind feet are at the end
of the body ; they are close together, enveloped in folds of
integument, and in action closely simulate the action of the
screw of a steamship. The body is fish-like, and they possess
no external ears, except in the case of Ofaria. As in Cetacea,
no lachrymal glands are present. They live on fish. Walruses
differ from true seals in possessing two long tusk-like and nearly
vertical upper canine teeth, by which the animal drags itself
on to the beach and defends itself if attacked.

The Plantigrada are the Bears. The molar teeth of Planti-
grades are flatter than those of other Carnivora in correlation
with the mixed and often frugivorous diet. The tongue of
Bears is smooth, and there are often two or three supplementary
tongues. The claws are long, strong, and non-retractile ; they
are used in digging. The clavicles are larger than in other
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Carnivora. The kidneys are lobulated. Remains of the Cave-
Bear, Ursus speleeus, are freely found in France and Great
Britain. It was a powerful beast, as large as the American
Grizzly, and is found associated with human remains in the
su-called Neolithic and Paleeolithic periods of Prehistoric man.
Racoons, Bears, Badgers, Kinkajous, and Coatis are instances
of Plantigrade Carnivores.

The Digitigrada comprise the fierce and powerful Cats,
Polecats, Ferrets, Weasels, Dogs, Hy@nas, Jackals, Otters, &e.

Some of the Digitigrada, e.g. Weasels, possess sebaceous
glands near the anus, called anal glands, which secrete an
offensive fluid, under cover of which the animal escapes when
pursued. This anal gland is not homologous with the coccygeal
gland of man. The irides of many Digitigrades are highly
contractile, almost completely occluding the pupil at times.
The Hyszenas possess four toes on each foot, the rest are penta-
dactyle. The Felide, or Cats, are the most typical of Digiti-
grada. The head is almost round, the canines very large, and
the masseter and terporal muscles immensely powerful. Dental
formula: i:}:-?' o Rk pm i = Y T tongue is

" 3-8 1-1 3—3 1-1
furnished with a rasp composed of horny recurved papillse, which
assist the teeth in lacerating the flesh of prey. The dental
formula of the Dog differs from that of the Cats, and is as
. 3-3 1-1 4—4 2-2
&y 1A s s i 3_3-42. The first molar
of the lower jaw, and the fourth premolar of the upper jaw are
large teeth with trenchant cutting edges ; they are called the
sectorial or carnassial teeth.

Order 13. Quadrumana are distinguished from all other
mammals by the peculiar modification of their limbs, which are
terminated by hands. This invariably applies to the hinder
limbs, not invariably to the fore limbs. In every quadrumanous
animal, or Monkey, the hind limb is terminated by a hand ; in
every bimanous animal, by a foot. The essential feature of a
hand is the possession of an opposable digit, or thumb. The
dental formula is the same as that of man, or else there are
three premolars in each jaw instead of two. The summits of
the teeth are mever on the same level. Quadrumana are sub-
divided, according to the position of their nostrils, into—1I1.
Strepsirrhines, or monkeys with twisted nostrils, such as the
Lemurs and Aye-ayes; 2. Platyrrhines, or monkeys with simple
sub-terminal nostrils, such as the Spider Monkeys ; and 3.
Catarrhines, or monkeys with oblique nostrils approximating
below, separating above, such as the Gorilla and the Chimpanzee.

follows :
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All Quadrumana are clothed with hair, They all possess perfect
clavicles, pectoral mammse, and organs of generation and repro-
duction similar to those of man.

Strepsirrhine are the lowest of the monkey tribe. They
comprise the true Lemurs, Loris, and the Aye-aye, and inhabit
Madagascar, Africa, and the contiguous islands. The pollex
is very short and feeble, scarcely opposable to the other digits.
They are frugivorous in their diet. The second digit of
the hind foot is furnished with a long claw.

; 3-39 3-3 3-3
el i

Platyrrhine are either South American or New World
monkeys with prehensile tails. Arboreal in habits. No cheek
pouches. The Howling Monkey (\Mycetes), one of the Platyr-
rhines, has a curious modification of the larynx in the shape

Dental formula :

SEULL OF A MONEEY

(Cercopithecus ruber), showing the facial angle and eharacter of dentition.
a. Incisors. &. Canine. ¢ Premolars. d. Molars.

of a bony drum attached to the hyoid bone, with which it pro-
duces the most piercing and discordant shrieks. The pollex
in this animal is not opposable. The occipital foramen is still
placed quite at the back of the skull, as in all animals that go
on all fours, and the cranium is very mnarrow, They are
generally very small animals. Dental formula of the Marmoset

. 2-2 1-1 3—3 2-2

% = ¢ = pin = m Q—Q“SE' Dental formula of
other Platyrrhines: i ~—= ¢ —— pm =—- m 2% =36,

Catarrhine include the highest or anthropoid apes of the
Old World. They are all (with the exception of Colobus)
strictly four-thumbed, and the dental formula is, as in Man ;
el pin Az Al Oss g Tl tail s nob prehen-
2-2 1-1 2-2 3-3
sile, and is often absent or quite rudimentary. Cheek pouches
present in the lower but not in the higher apes. Baboons
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have a rudimentary tail and a gluteal region devoid of
hair. Many possess ‘natal callosities,” which are often, as in
the Mandrill, brilliantly coloured, probably by sexual selection.
Facial angle is 30°.! The anthropoid Apes do not possess
cheek pouches or natal callosities, and the facial angle amounts
to 40°

The canine teeth are large, and the gluteal region is covered
with hair. The arms are long ; reaching in the Chimpanzee to
the middla of the tibia when hung down.

Order 14. Bimana contains but one genus and one species,
Homo. The distinguishing characteristics of this order are these:
The summits of the teeth form a nearly perfect level, and are
not separated from each other by an interval ; the dental
2—-2, 1-1 8~2. . 3—3 gy
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The great toe is not opposable to the other digits. The arms
are shorter than the legs ; the reverse of this is the case in the
Quadrumana. The facial angle of Man varies from 90° to 120°,

The foot is planted upon the ground by the entire length of
the sole, and the whole arrangements of the frame are obviously
intended to subserve the erect position. The chief differences
between Man and the highest Simise, such as the Chimpanzee
and the Gorilla, are the following :

Skeleton. Skull.—The skull of Man is both absolutely and
relatively to the face larger than in the Anthropomorpha ; the
superciliary ridges are smaller ; there are no distinet pre-
maxillse at birth ; the jaws are smaller, but a chin is present ;
there is no diastema, or interval between the teeth ; there is a
nasal spine ; the foramen magnum is situated more anteriorly ;
there is scarcely any perceptible crest upon the occipital bone.

Vertebral Column.—The cervical spinous processes are short
and generally bifurcated ; there are twelve dorsal and five
Iumbar vertebrese, whereas in the Gorilla there are thirteen
dorsal and four lumbar; the entire column is much more
sinuously bent than in the Anthropomorpha.

Shoulder and Pelvic Girdles and Upper and Lower Limbs.—
The humerus and bone of forearm are relatively shorter ; the
pollex reaches the middle of the first phalanx of the index
finger. The pelvis is broader and shallower ; the femur is abso-
lutely and relatively longer ; the fibula descends lower than the
tibia ; the relative shortness and breadth of the foot ; the

formula is as follows: 1

1 The facial angle is caleulated by auditory meatus, and from the gla-
drawing converging lines towards bella, or space between the supra-
the anterior nares from the external orbital ridges.
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second digit is the longest ; the great toe is never opposable
to the other digits, but is much larger than in the Anthropo-
morpha,

Muscular System. — Man possesses a peroneus tertius, an
extensor primi internodii pollicis, a tibial origin for the soleus,
and an entire calcaneal origin for the flexor byrevis digilorum ;
none of these are met with in the highest Apes.

Nervous System.—The absolute and relatively greater size
and complexity of the brain : in Man, too, the brain and brain
case are asymmetrical, in the Simise they are symmetrical.

From this it will be gathered that the mere morphological
differences between Man and Monkey are very slight, and that,
before we can assign him his true place in Nature, we must
regard him not only morphologically but physiologically and
psychologically ; for the possession of a power of abstract reason-
ing, of framing hopes, of forming and employing language, are
his, equally with the possession of a subglobular skull and an
erect attitude, and are not to be lost sight of in considering
his relations to other animals, any more than the features of
pure anatomical distinctions.

Bimana are divisible into men with woolly hair, Ulotrichi, and
into men with smooth hair, Leiotrichi. The former comprise the
Negroes of the African races and the Negritos of the Malay
Archipelago ; the latter include the rest of the human race.
The chief differences between man and man consist in the shape
and size of the skull, and the size and complexity of the brain.
Taking a Bushman as one type and a European as another, we
find the Bushman characterised by a comparatively low facial
angle of about 90° by projecting jaws (prognathism), by
smallness and comparatively greater breadth of cranium ; we
also find that the skull is bilaterally quite symmetrical, and the
convolutions of the brain almost perfectly so ; the brain, too, is
relatively smaller, and the convolutions both fewer and less
deep. The skull of the European, on the other hand, has a
facial angle of about 120°, vertical jaws (orthognathism), a large
and comparatively long cranium ; we find also that the skull is
bilaterally asymmetrical, and the two hemispheres of the brain
notably dissimilar ; the convolutions, too, are much more
numerous and extend deeper into the substance of the brain.
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CHAPTER XXXVI.

PHYSI0LOGY OF MAMMALIA,

Prehension, Deglutition, and Digestion.—All Mammalia use
their lips as organs of prehension, which are assisted in Bimana,
Quadrumana, Rodentia, Marsupialia, by their fore limbs. The
Carnivora tear their prey with their claws, but do not use them
as prehensile organs. The proboseis of the Elephant, the snout
of the Tapir, the long muscular and viscid-tipped tongue of the
Ant-Eater, and the long tongue of the Giraffe, are special
prehensile organs.

The teeth of Mammalia differ widely in the different orders,
both in their number, shape, and size. The Echidna, and
the Myrmecophaga, or true Ant-eater, have no teeth. The
Narwhal has but two, one of which is always rudimentary.
The Dolphin has 190. The Elephant generally has six, which
are succeeded by a second set, which do not grow from below,
as in Man, but from behind, and as they advance they push out
the previous tooth ; by this contrivance the few-toothed Ele-
phant is never left withont sufficient grinders. The typical
number of teeth in the Rodentia is twenty, in Quadrumana
forty-four, in Bimana thirty-two. The teeth of the Cetacea are
very peculiar ; the Cachalot Whale and Dolphin tribe have a
large number of conical teeth, composed of dentine, lodged in
wide sockeis; the Balmna mysticetus (Whalebone Whale)
presents, instead of true teeth, a series of plates of whalebone
which are ranged in rows along the upper jaw ; from these
plates depend a long fringe of finely-divided whalebone threads
which act as a sieve. The huge animal swims through the
Polar seas with his mouth wide open, and receives into his
gigantic maw thousands of little mollusca, which abound in those
regions, the Clio Borealis being the most abundant of all ; they
are entangled in the meshes of whalebone, and swallowed one
by one down the narrow cesophagus. This constitutes the chief
food of this leviathan of the deep.

The salivary glands are developed much as in man throughout
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the Mammalian class, except in the Cetacea, where neither
salivary nor lachrymal glands exist, and in the Ant-Eater, in
which animal they are enormously developed, and pour their
secretion into a special cervical reservoir, called a salivary
bladder.

- There are three distinet types of stomach met with amongst
Mammalia—the simple, the compound, and the complex
stomach. The simple stomach consists of a single cavity,
presenting a cardiac recess or pouch at the cesophageal end, and
narrowing to a pyloric valve at the duodenal end ; throughout
it is lined by an epithelinum which secretes gastric juice ; this
form of stomach is met with in Bimana, Quadrumana, Carni-
vora, and in some Cheiroptera, Insectivora, Bruta, Cetacea,
Marsupialia, and Monotremata.

The compound stomach consists of a variety of the former ;
the single cavity being partially divided by folds into two or
more spaces ; the histological elements of the mucous mem-
brane are however the same throughout. This form of stomach
is met with in some Cheiroptera, in the Manis or Pangolin
amongst Bruta, in the Kangaroo, in the carnivorous Cetacea, in
some Rodents, and still more typically in the Sloths. The
Ant-eater possesses a sort of crop, to which succeeds a
stomach with such thick muscular walls as to recall the gizzard
of a bird ; a resemblance that is still further borne out by the
Ant-eater’s stomach frequently containing gravel, which, like
the stones met with in a bird's gizzard, serve the purpose of
teeth.

The complex stomach is peculiar to Ruminants, and is the
most interesting of all. In these animals the stomach is
divided into four distinet cavities: 1. the paunch, or rumen,
or ingluvies, or panse ; 2. the reticulum, or honeycomb, or
bonnet ; 3. the omasum, manyplies, psalterium, or feuillet ;
and 4. the obomasum, reed, or rennet.

The paunch is by far the largest of all the cavities in the
adult animal, to whom it serves as storage for the herbage ; in
the young Ruminants the fourth stomach is, on the contrary,
larger than the paunch. The paunch is lined with a dense
white squamous epithelium. Its office is to store the food, and
mix it with the water which it contains; its secretion has
scarcely any digestive function. In the Camels, Llamas, and
Dromedaries, the paunch contains a number of pits, whose
mouths are closed by muscular rims, and which serve as water-
butts for storing up fluid when the animal is going a long, arid
journey. There are several of these butts in the stomach of
the Camel ; they measure about eighteen inches in length, by
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six inches in breadth, and three inches in depth. They are
subdivided by muscular partitions into many distinet cavities.

The reticulum is very much smaller, and presents an appear-
ance like a honeycomb, whence its name. The polygonal
spaces into which it is divided serve to fashion the food into
small round pellets, which are one by one regurgitated into the
animal’s mouth, there to undergo a second mastication ; this
constitutes rumination. A certain amount of the fluid parts of
the food are absorbed by the veins of the reticulum. The
mucous membrane is papillated. A groove leads "along the
upper border of the reticulum direct from the cesophagus to the
third stomach, the manyplies ; this can be converted into a
complete canal, by the muscular action of the walls of the
reticulum, and so the food must then pass direct from the
cesophagus into the manyplies.

The manyplies is of an elongated form, and has its mucous
membrane arranged in parallel longitudinal folds, like the
leaves of a book—whence its French name, ‘le feuillet’—small
folds alternate with larger ones. There are some forty in the
sheep, and about eighty in the ox. The mucous membrane is
villous. Further digestion of the soluble saccharine and fluid
portions of the food goes on here, before it is passed on into the
rennet, or fourth stomach.

The rennet is the true digestive stomach, and homologue of
the single stomach of man. It is the largest cavity of all
~ except the paunch. The mucous membrane is highly vascular,
and is thrown into longitudinal rugee. The rennet contains the
stomach tubes which secrete the gastric juice. It is here that
the albuminous principles of the food are extracted and absorbed
by the veins.

In all Mammalia a pylorie valve is present ; and all, except
Cetacea and a few Bruta and Cheiroptera, possess a distinction
between large and small intestines; these exceptional animals do
not exhibit any such distinction, nor do they possess an ileo-
ceecal valve. The digestive canal is almost invariably longer in
the Herbivorous than in the Carnivorous Mammals, e.g. the canal
is as thirty to one of the entire length of the animal in the sheep,
and as five to one in the cat and dog. A cscum generally
exists, and is developed in relation to the kind of diet ; in
flesh-feeding Mammalia it is comparatively small, or even
absent, while it is very large in the vegetable-feeders. In the
Horse it is three times as large as the stomach.

Man, Apes, Gibbons, and the little Wombat, are the only
Mammals possessed of a vermiform appendix.

Circulation.—In all Mammals the heart consists of four
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distinet chambers : two auricles, and two ventricles which form
a right and left side. The right side is the venous, the left the
arterial. The right auricle receives the impure blood from the
entire body, transmits it to the right ventricle, which pours it
into the lungs, whence it is returned by the pulmonary veins to
the left auricle, which transmits it to the left ventricle ; the
aorta leading from this cavity carries the blood over the whole
body ; the left side of the heart is thus engaged with the
systemic circulation, the right with the pulmonic cireculation,
In Man and the higher Apes the heart inclines to the left side,
in the rest of Mammalia it is in the median line, In the lower
Mammalia the branches from the arch of the aorta are sym-
metrical, in all the higher Mammals they are unsvmmetrical.
The brachial artery in the Cat tribe passes through a foramen in
the humerus above the inner condyle, to protect it from pres-
sure ; a similar arrangement is met with in the artery of the
coffin-bone in the Horse. When a large artery breaks up into
a number of branches, all of considerable calibre, which freely
inosculate with each other, a ‘rete mirabile’ is formed ; such
an arrangement must manifestly delay the rapidity of the
current of blood and equalise the pressure in the passage of
blood through a part ; it is met with in the axillary arteries of
Sloths, the internal carotid arteries of Ruminants, and the
aortic and thoracic intercostals of Cetacea. In regard to the
venous system ; Man and all higher, and many of the lower
Mammalia only possess one superior vena cava ; in Rodentia
and Pachydermata there are two. In the Cetacea, venous as
well as arterial plexuses exist, and serve as reservoirs for the
impure bleod during the protracted immersion of the animal.

In all Mammals except the Camel, in which they are oval, the
blood dises are circular.

Respiration.—All Mammalia possess a diaphragm. In all
except the Horse, Elephant and most Cetacea, the lungs are
divided into lobes, not exceeding three on the left, and five on
the right side. In the exceptions named the lungs are not
lobed. The only peculiar respiration is that of the Cetacea.
The nostrils or spiracles in these fish-like Mammals are placed
on the top of the head, and lead directly down to the pharynx,
the top of which is surrounded by a strong sphincter muscle,
which keeps it closed except when the whale ¢ blows.” The soft
palate is prolonged to a considerable extent, so as to form
a strong musculo-cartilaginous plug, which perfectly blocks
up the passage from the mouth into the pharynx and larynx ; by
this means the animal can swim about with its head under
water, and its mouth wide open, and yet never be in danger of
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any water getting into the air passages. After the air that the
animal has breathed has become too impure for further use, the
whale rises to the surface, and closing its mouth, it forces the
water against the plug of the soft palate and drives it out,
pumping the water into large cavities which surround the sides
of the spiracle ; the top of the pharynx contracts, the muscular
summit of the spiracle relaxes, the muscular walls themselves
contract and force the water violently from the spiracle into the
air ; in other words, she ‘blows.” When all the water is
expelled, a fresh supply of air is taken in, and when a sufficient
quantity is received, the leviathan dives down again *full
fathoms five.’

Kidneys.—The kidneys always consists of a cortical and
medullary portion. In all Mammalia the kidneys are at first
lobulated, and this condition persists in many of the class,
particularly in the Bears, Otters, Seals, and some Cetacea, and
to a less extent in the Ox.

Nervous System.—The  proseencephalon (or cerebral hemi-
spheres) now forms by far the largest portion of the brain, more
or less overlapping the rhinencephalon in front, and the mesen-
cephalon behind. The mesencephalon (or optic lobes) is no
longer bigeminal, but constitutes the quadrigeminal bodies. A
pons Varolii unites the various parts of the brain. The cere-
bellum consists of lateral hemispheres as well as a median
vermiform process. These characters apply to all Mammalia.
Monotremata, Marsupialia, Rodentia, Insectivora, Cheiroptera,
and Bruta possess perfectly smooth unconvoluted brains,

The remaining Mammalian orders all possess brains more or
less convoluted ; and this increase of surface, and consequently
of grey matter, we invariably find associated with an increase of
mtelligence.  The main difference between the brains of
Bimana and Quadrumana lies in the greater complexity of
Man’s brain, the greater depth of the sulei, and greater amount
of grey matter ; both are, however, developed on one common
plan, and both possess a hippocampus major, and posterior
cornu, in the lateral ventricles, which formerly were supposed
to be confined to the human brain.

SENSES.

Touch.—Taeclile corpuscles, which are the special seats of the
sense of touch, abound in the lips of nearly all Mammalia ;
they are also abundant in the hands of Bimana, which are the
most perfect of all tactile instruments ; in the hands and feet of
Quadrumana ; in the snouts of the Tapir, the Pig, and the Rhino-
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ceros, in the tip of the Elephant’s trunk, in the general integu-
ment of Cetacea, in the base of the whiskers or vibrissee in the
Cat tribe, and at the tip of the prehensile tail of some Monkeys.
The wings of Bats are also abundantly supplied with nerves and
tactile corpuscles, and constitute a very perfect instrument of
touch.

Taste.—The tongue is the seat of the sense of taste in all
Mammalia except the Cetacea, who are probably devoid of this
sense altogether. DBears possess two or three small accessory
tongues. The glossopharyngeal nerve, which is distributed
chiefly to the circumvallate papillee at the back of the tongue,
is the special nerve of taste, Secondary papille are present on
all the papillse of the tongue ; and in Carnivora these secondary
papillee become much lengthened and recurved, and serve to
rasp the flesh off the bones. The long tongue of the Ant-
eater, which can be protruded for sixteen or eighteen inches, is
composed of circular muscular fibres, which elongate it, and of
longitudinal muscular fibres, which shorten it. Substances
must be soluble to be sapid.

Smell.—This sense is present in all Mammalia except Cetacea.
Mammalia possess not only anterior and posterior nares, but a
nose, made up of cartilages, ligaments, and muscles. This is
enormously developed in the Elephant, forming the trunk.
The cribriform plate of the ethmoid bone is perforated by
several apertures instead of by one or two, as in the other
vertebrate classes. The turbinated bones are three in number,
and are all much convoluted, so as to increase the sentient
surface ; and many of the neighbouring bones often contain
hollow spaces or sinuses. In those animals, such as the Dog,
which possess the faculty of scent, we find the turbinal bones
rolled upon themselves to a very considerable extent, forming
the ‘labyrinth.” Inmany Cetacea the olfactory lobes and nerves
are exceedingly small, and in the Dolphins and Porpoises they
are absolutely wanting.

Hearing.—All Mammalia except Cetacea, Seals, Moles,
Duck-Moles, and Armadillos, possess a pinna, as well as an ex-
ternal meatus. In those animals, such as the Bats, in whom the
sense is very acute, the pinna is very extensive. The tympanic
cavity 1s always traversed by three ossicles, a malleus, incus,
and stapes, which are variously shaped. In the Whale the
tympanum is separable from the rest of the organ of hearing,
and constitutes a large shell-like bone, called the ¢ ear bone.” A
cochlea, forming from one-and-a-half to five turns, is always
present, as are also a vestibule and three semicircular canals.

Sight.—The tunics and humours are the same as in Man.
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Nocturnal Mammals have comparatively large eyes. The Mole
possesses extremely small eyes, and is said not to possess any
optic nerve. In Cetacea, as in Fishes, the sclerotic is im-
mensely thickened, and enables the eyeballs to sustain the
great pressure to which they are subject during their profound
dives.

All Mammals except Cetacea possess lachrymal glands and
eyelids ; the true Cetacea possess only a membrana nictitans.
Ruminants-possess a large gland, called the Harderian gland,
which assists the lachrymal gland in moistening the eyeball ; it
is situated at the inner canthus of the eye.

The muscles of the eye are the same, and supplied in the
same way, as those in Man ; but in addition to the four reecti
and two oblique muscles, there is usually a funnel-shaped
muscle, called the choanoid muscle, interposed between the
recti and the optic nerve. The contraction of this muscle
serves to protrude the eyeball.

Nearly all Mammalia, except Bimana, Quadrumana, Bruta,
and Monotremata possess a glistening structure situated at the
bottom of the eyeball, called the tapetum lucidum. It serves
the purpose of a concave reflector, and illumines the eyes of the
animals, which possess it, in the dark.

|
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CHAPTER XXXVII

OrGANS oF GENERATION AND MopE oF REPRODUCTION AMONGST
THE OVIPAROUS VERTEBRATA.

Fishes.—The ovary, called the roe, and the testicle, called
the milt, both situated against the vertebral column, occupy a
large extent of the thoracico-abdominal cavity. In the osseous
Fishes, the countless myriads of ova, forming not merely the
germs of future races, but serving as food for many of the
present, are extruded from the ovary by a canal, situated
immediately behind the anus, and in front of the urinary
canal. These ova are impregnated external to the body of the
female by the semen of the male, which is emitted loosely into
the water ; coming in eontact with them, it vivifies them.

In the cartilaginous Fishes, the ova either pass from the
ovary into the general cavity of the abdomen, whence they
escape by two apertures, as in the eel, or, rupturing the ovarian
capsule, they pass into distinet oviducts. In the highest of
the Chondropteri, e.g. the Shark, impregnation takes place
internally : the male firmly holding the female during coitus by
means of two processes shaped somewhat like long boots, called
‘ claspers.’

Amphibia.—The ovaries and testes are situated, as they
are in the whole of the oviparous tribes, in the lumbar
region. Their contents are poured into a cloacal opening,
common to themselves and the urinary and digestive organs.
The male frog holds his spouse in a close embrace during the
whole period of ovipesition, and impregnates the ova during the
period of their extrusion from the body of the female.

Reptiles.—The female possesses two oviducts, which termi-
nate in a common cloaca. The male is provided with an
intromittent organ. In Ophidia the penis consists of two
separate bodies (corpora cavernosa), deeply grooved along their
upper surface, along which groove the semen trickles. In
Chelonia the corpora cavernosa, separate at first, unite to
form an organ of considerable size. Impregnation takes place
internally.

Birds.—The ovaries of the female are held to the vertebral
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column by folds of peritoneum. The right ovary and oviduct
is always atrophied, so that it is the left alone which produces
ova. The oviduet, which succeeds to the ovary, opens into a
common cloaca; it is nearly straight, except during sexual
excitement, when it presents three principal curves ; the upper
expanded part, which first receives the ovum, is called the
infundibulum, the narrow contracted portion below constitutes
the isthmus, and the wide and straighter portion near the ter-
mination is incorrectly called the uterus. The epithelium lining
the oviduct differs in each of these situations, and in each the
ovum obtains a fresh covering ; first, the white of the egg, next,
the membrana putaminis, and lastly, in the uterus, the calcareous
shell.

The testes of the male are situated in the lumbar region,
and increase very remarkably in size during the breeding
season. Male birds that pass an aerial or arboreal existence
only possess two sensitive papillee, which are merely capable of
juxtaposition ; but aquatic birds and the ostrich possess very
perfect intromittent organs, in which both corpora cavernosa
and a corpus spongiosum are easily distinguishable.

The ovum is composed of the following parts, which are
essentially similar to the structure of the mammalian ovum.
The entire ovum is contained in a delicate transparent mem-
brane, the vitelline membrane, corresponding to the mammalian
zona pellucida, parent of the future chorion ; within this mem-
brane the welk is situated, composed of a yellow oleaginous
material with a number of granules. Upon the surface of the
yvelk we find another little membranous sac, called the cica-
tricula or blastoderm ; this is opaque, and contains within its
interior the germ of the future animal. This germ presents
the appearance of a minute transparent vesicle, and is called
the vesicle of Purkinje, or the germinal vesicle. The egg of the
bird and the egg of the lower Vertebrata are like each other
in all essential respects ; in shape, the reptilian egg is always
equal at both ends ; the avian egg is larger at one end than
the other. The most important differences are these : the egg
of the bird contains a chalaza and air-chamber, while the egg
of the lower Vertebrates does not ; and for the purposes of incu-
bation the bird’s egg also contains more albumen, and the shell
is much more complex. Impregnation takes place by the
spermatozoa of the male being conveyed along the oviducts
(or if there are none, directly) to the cicatricula.

The coverings which the ovum of the bird obtains in its
passage along the oviduct are the following : albumen, chalaza,
membrana putaminis, and calcareous shell.

i o o e
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The albumen is the ¢ white of the egg ;’ it is secreted by the
lining membrane of the oviduct, directly after the ripe ovum
has escaped from the ovisac. The ovisac is called 1n such a
case the calyx ; the albumen surrounds the membrana vifelli.

The chalaza is formed by some of this albumen becoming
inspissated, and twisted into a small cord at either end of the
yelk, during its revolutions.

The membrana putaminis is secreted by the oviduct, just
before reaching the wferus; it is a thin opaque tough mem-
- brane lining the shell ; at one end it is separated into two
layers, within which is placed some highly oxygenated air, for
the chick to respire just before breaking its shell ; this little
space 1s called the air-chamber,

The shell 1s secreted by the epithelinm of t11e uterus : minute
interspaces being left between the calcareous particles for the
purpose of transpiration.
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CHAPTER XXXVTIIL

OrGAXS OF GENERATION AND MobpeE oF REPRODUCTION AMONGST
MAMMALIA.

ManmnmarLs are all born alive, but the offspring of the two lowest
orders, Monotremata and Marsupialia, are so prematurely born
as to be termed ovoviviparous, the offspring of all other
mammals being viviparous. The male generative organs of
mammals present many peculiarities, but all are formed of two
dense corpora cavernosa, which are always fixed to the pelvic
bones, with a superadded corpus spongiosum ; additional glands
to the testes are generally present, none of which are found
in the other Vertebrate classes. These are the prostate gland,
the vesiculze seminales, and Cowper’s glands; all of them
prepare a secretion, which is poured into the urethra, some-
times by separate ducts, sometimes converging to empty
themselves into the excretory duet of the testes, cailed the
vas deferens, where they mingle their secretion with the
semen.

The testes are lodged in the abdomen in the Elephant, the
Cetacea, and the Seal ; they pass out of the abdomen through
the inguinal canals and rings in most of the other Mammalia,
and are lodged in a scrotal bag.

The female organs of generation present even greater varieties
than the male. In the Monotremata and Marsupialia the
ovaries are large, and, like the ovaries of a bird, racemose or
grape-like in their appearance ; the contained ova are corre-
spondingly large, and furnished with a considerable quantity
of yelk, which serves as nourishment for the embryo prior to
its extrusion from the body of the female. The oviduects,
which succeed to the ovaries, present dilatations in part of
their course which dilatations are termed uteri ; and these open
into a cloacal chamber : not only is there a double uterus in
these orders, but the vagina likewise is completely separated
into two channels. Prior to birth the embryo derives its
nourishment from the surrounding yelk ; the prematurely born
offspring is at once transferred by the mother to one of the

B
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nipples of the mammary glands, to which it adheres, and where
its further development takes place.

In all Mammalia the passages from the ovaries to the uteri
are no longer called oviducts, but ‘Fallopian tubes.” The
ovisac is termed the ‘Graafian vesicle ;’ this is much denser
than the delicate ovisac of the oviparous Vertebrates, and
leaves a permanent scar whenever an ovum escapes ; this scar
constitutes what is known as a ¢ corpus luteum.’

The young of all mammals, except those of Monotremata and
Marsupialia, is retained within the uterus until a much later
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Ovipucr oF Enys, one of Chelonia, to illnstrate the situations in
which the Ovum obtains its various coverings.

@. Dilated commencement of oviduct, or infundibulum. &. Expanded
portion with the mucons membrane longitudinally rugons. ¢ Con-
tracted portion, or isthmuns. d. Larger dilatation, or uterus. e Allan-
toic bladder. 7. Cloaca. ¢. Rectum. As to the covering of the egg,
the albumen iz secreted at &, the membrana putaminis at ¢, and the
calcareous shell at d,

period of development, and as the yelk surrounding the blasto-
derm becomes more and more scanty, some fresh means of
support is required for the embryo. A vascular connection
is therefore established between the mother and the fcetus, by
means of which the latter is supported during the period of
gestation ; this vascular connection becomes developed into a
body called the °placenta.’ The Rodents possess a double
uterus, like the Marsupials, but the ovaries are no longer
racemose, and the Fallopian tubes are very small, showing that
the ovum which they conduct to the uterus must likewise be
exceedingly minute. In other mammals, the double uteri
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unite to form a central portion, which is called the body of the
uterus, and this constitutes the entirety of the organ in the
higher mammals. In those mammals which give birth to more
than one offspring at a time, we find the sides or cornua of the
uterus numerous and largely developed ; this is especially the
cage in the Sow. As soon as the ovum is passed from the
ovaries along the Fallopian tubes into the uterus, the latter
cavity in most Mammalia secretes a thick membrane, which
is termed the decidua, because it is shed on the expulsion of
the foetus from the uterus,

The shape of the placenta differs widely in the different
mammalian orders, and forms an important means of classifica-
tion ; thus it is zonary in Carnivora, Proboscidia, and Hyra-
coidea ; it is discoidal in Woman, Quadrumana, Insectivora,
Cheiroptera, and Rodentia ; whilst in Ungulata and Cetacea

there is no decidua, hence the placenta is said to be non-
deciduate.
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CHAPTER XXXIX.

DEVELOPMENT OF VERTEBRATES,

Up to a certain period the young of all Vertebrates are deve-
loped in the same manner. The following description is taken
from Rymer Jones, and is as brief as it is possible to make it.
¢ No sooner has incubation commenced than the blastoderm be-
comes distinetly separate from the yelk and the membrana
vitelli, and as it begins to spread assumes the form of a central
pellucid spot, surrounded by a broad dark ring ; it at the same
time becomes thickened and prominent, and is soon separable
into three layers ; of these the exterior is a serous layer ; the
internal, or that next the yelk, a mucous layer ; and between
the two is situated a vascular layer, in which vessels soon be-
come apparent. These three layers are of the utmost import-
ance, as from the first mentioned all the serous structures, from
the second all the mucous structures, and from the third the
entire vascular system of the embryo originate.

‘Towards the close of the first day of incubation the blasto-
derm has already begun to change its appearance, and two white
filaments are apparent in the middle of the central pellucid
circle. Supposing a longitudinal section of it at this period, the
membrana vitelli will be found to have become more prominent
where it passes over the germinal space. At the commencement
of the second day the anterior portion of the embryo is dilated,
and bent down, so as to inflect the three membranes of the
blastoderm at that point. At the conclusion of the second day
this inflection is carried still further, and from the vascular
layer a single pulsating cavity, the punctum saliens (the first
appearance of a heart) has become developed. The serous mem-
brane has at the third day become reflected to a considerable
distance over the back of the feetus ; at one extremity investing
the head with a serous covering, while at the opposite it in like
manner covers the tail ; it is this reflection of the serous layer
which forms the amnion. The mucous layer is now seen to line
the as yet open space which is to form the abdominal cavity,
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and by its inflections gives birth to the rudiments of the abdo-
minal viscera. From the vascular layer has been developed the
heart. The allantois likewise begins to make its appearance.
. . » About the one hundred and twentieth hour from the com-
mencement of incubation, the vascular layer of the blastoderm
has spread extensively over the yelk ; and as the vessels formed
by it become perfected, they are found to converge to the navel
of the embryo, and to constitute a distinet set of arteries and
veins (omphalo-mesenteric), communicating with the aorta and
with the heart of the fcetus, and forming a vascular circle sur-
rounding the yelk.

“ As soon as the intestinal system of the embryo is distinctly
formed, the membrane enclosing the yelk (vitellicle) is seen to
communicate with the intestine by a wide duct (ductus vitello-
intestinalis), whereby the nutritive substance of the yelk enters
the alimentary canal to serve as food. Gradually, as growth
advances, the yelk diminishes in size, and at length, before the
young bird is hatched, the remains of it are entirely withdrawn
into the abdominal cavity, where its absorption is completed.

¢ While the above phenomena are in progress, the sides of the
abdominal cavity, which are still open anteriorly, are occupied
by transitory secreting organs, named corpora Wolffiana.

* These organs act as temporary kidneys, and pour their se-
cretion into a membranous sac called the allantois. This serves
not only as a receptacle for this secretion, but also as a respira-
tory organ, and is richly supplied with blood. The arteries are
derived from the common iliac trunks of the embryo, and of
course represent the unbilical arteries of the human feetus ; the
vein enters the umbilicus, and, passing through the fissure of
the liver, pours the blood, which it returns from the allantois in
an arterialised condition, into the inferior cava, as does the um-
bilical vein of Mammalia.’

Such are the briefest outlines of the development of the ovi-
parous Vertebrata: let us turn to the viviparous Vertebrata.
 “There is not the least doubt that the materials for the earliest
growth of the Mammalian embryo are absorbed in the cavity of
the womb, and that its formation from a blastoderm is exactly
comparable to what occurs in the egg of a bird. But precisely
at that point of development when the marsupial embryo is ex-
pelled from the uterus of its parent, namely, when the functions
both of the vitellicle and of the allantoid apparatus become no
longer efficient either for nutrition or respiration, a third system
of organs is developed in the placental mammifer, whereby a
vascular intercommunication is established between the feetus
and the uterine vessels of the mother, forming what has been
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named by human embryologists the placenta.” The vessels
which passed merely to the allantois in the bird, now pass from
the allantois to the shaggy chorion, where the placenta is be-
coming developed ; and, as this organ grows, the allantoid sac
atrophies and disappears. The vitellicle, with its pedicle, are
likewise of very small size. The arteries which are diverted
from the allantois to the placenta constitute the umbilical arte-

ries ; the vein carrying arterial blood, and immensely enlarged,
forms the umbilical vein.



238 "~ COMPARATIVE ANATOMY.

CHAPTER XL.

SUMMARY OF THE COMPARATIVE PHYSIOLOGY OF VERTEBRATA.

PrE#ENSION, DEGLUTITION, AND DIGESTION. —Organs of Pre-
hension. In Piseces the jaws, both of which are freely movable,
and the teeth, are the sole organs of prehension. The teeth are
formed of dentine alone, and are frequently renewed during the
life of the fish : they are never lodged in sockets, but are either
anchylosed to the bones of the head or connected to them by
ligaments. The shape of fishes’ teeth is very various, being flat
and mosaic-like in some sharks, wedge-shaped in the Parrot-fish,
finely serrated and lancet-shaped in some of the Selachia ; often
conical, or blunt, or pointed.

In Amphibia the organs of prehension in Frogs, Toads, and
Salamanders are the teeth, assisted by a long and wvibratile
tongue. In the Siren, or Proteus, the lips are the only pre-
hensile organs.

In Reptilia the organs of prehension are various. The Lacer-
tilia employ their jaws and teeth, and often, asin the Chameleon,
their tongue. Chelonia use their horny jaws, which are assisted
by the long recurved processes in the cesophagus ; Ophidia em-
ploy their constricting folds and recurved fangs to capture their
prey ; and Crocodilia use their powerful jaws and teeth. The
teeth of Reptilia are composed of dentine, crusta petrosa, and,
as a rule, enamel. They are generally renewed indefinitely.

In Aves the only organ of prehension is the beak, rarely
assisted by the claws in Raptorial birds.

In Mammalia various parts are employed as organs of prehen-
sicn. The Monotremata employ their bill-like mouths ; the Mar-
supials, Rodents, Quadrumana, and Bimana their fore paws, or

hands ; some Cetacea, their teeth ; others, a great sieve of whale- .

bone ; some Monkeys, their tails, and many Mammals their teeth
alone. The trunk of the Elephant and the snout of the Tapir,
too, are prehensile organs. The teeth generally consist of
dentine, crusta petrosa, and enamel ; and the first or milk set
is, in many Mammals, succeeded by a second or permanent set.
There are never more than two sets, however. They are lodged

P
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in sockets, and never occupy any bones but the maxillee, pre-
maxillee, and mandible.

Salivary Glands.—Pisces do not possess any. Amphibia pos-
sess buceal salivary glands ; and in the Toad and Frog the long
tongue is furnished with glands of this character at its base.
Reptilia all possess them. The poison-glands of Serpents are
modified salivary glands. In the Chelonia and Crocodilia the
salivary glands are placed behind the lips. In Aves they are
present but small, except in the Woodpecker, in which bird they
attain a very great size.

Aves.—Some birds possess not only sublingual and submaxil-
lary, but parotid glands, which pour out a copious viscid secre-
tion, which is used as a cement in building their nests. In such
cases the nests are edible, e.g., those of the Java Swallow.

In Mammalia, the aquatic forms, as a rule, such as the
Cetacea, do not possess them ; but, with these exceptions, they
are always present. The great Ant-eater, Myrmecophaga jubaia,
possesses the largest salivary glands of all Mammalia, the secre-
tion being poured into a salivary bladder situated beneath the
mandible. In the Ruminants additional glands, called glandule
Harderi are present, as well as submacxillary, sublingual, and
parotid glands.

Organs of Deglutition.—A pharynx is present in all Verte-
brata, whereas no Invertebrate animal possesses one, In Pisces
the pharynx is short, supported by branchial arches, and leads to
the short and wide cesophagus. There is no communication with
the nares, which are closed sacs. The pharynx often contains
teeth. Amphibia, Reptilia, and Aves all possess simple pha-
rynges, which communicate with the nasal fossee, and also with
the tympanum. The pharynx forms a pseudo-crop in some
Amphibia, as ¢.g. the Frog, in whom it is a muscular bag
appended to the hyoid boune ; in the Ophidia it is expansible to
an enormous extent ; in Chelonia it is large, and studded with
long fleshy papillze. In Aves a crop, sometimes double, is pre-
sent at the upper part of the cesophagus. In Mammalia, tonsils

are always present, and a soft palate ; the uvula is only found
in Quadrumana and Man.

Stomach and intestinal canal. Pisces—Stomach generally
short and wide, often very indistinctly marked oft from the
cesophagus ; the cardiac orifice is large, and permits of the
food being regurgitated for a second mastication by the
pharyngeal teeth. Sometimes, as in the Turbot and Carp and
most Plagiostomi, the stomach is bent upon itself, or is
“siphonal.” Again, in some Sharks it is flask-shaped, e.g. in
the Cornish Porbeagle Shark the cardiac end is as big as a
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child’s head, while the pyloric end only admits a crowquill ;
in the Teleostei it is more or less tubular. Intestine short
and wide ; no ileo-caecal valve ; long finger-like processes, the
appendices epiploicce are attached to the small intestine, nu-
merous in the Salmon family, few in number in the Lamprey
and Dermopteri generally. In the Shark family a spiral intes-
tinal fold is present in the interior of the gut. Mesentery rarely
present. The little Amphioxus possesses cilia in interior of
the intestine. The anus is generally placed near the ventral fin.
Amphibia.—Stomach tubular, with the larger opening at the
cardiac end. Intestine short in the insectivorous Amphibia, long
and convoluted in the vegetable feeders ; no ileo-caecal valve,
Reptilia.—Stomach in Crocodilia quite of the Avian type,
being a strong muscular gizzard, the fibres radiating from two
opposite central tendons. In other Reptilia the stomach is
tubular, the cardiac being the larger end. A pyloric valve is
present. The intestinal canal is for the most part short, but
in Ophidia and many Crocodilia, particularly the extinet forms,
the absorbing surface is much increased by reduplication of the
mucous membrane, something like the spiral fold in the Shark’s
intestine. An ileo-colic valve is present in Crocodilia and
Chelonia, and a caecum is often present in Chelonia,
Aves.—Stomach, of two distinet sacs, separated by a sphincter
muscle at the cardiac end. The upper smaller sac is the
proventriculus, or true digestive stomach ; the lower is the
gizzard (or ventriculus bulbosus), which in the grain-feeders is
an immensely strong muscular sae, serving the purpose of a
second masticatory apparatus, but in ecarnivorous birds is a
comparatively thin and mammalian-like viscus. Four muscles
are found in the gizzard ; two large lateral muscles, the musculi
laterales, and two smaller terminal muscles, the musculi inter-
medii. A pyloric valve is present ; in the Ostrich it consists of
a series of valvular projecting folds, six or seven deep. The
intestinal canal is divided into small and great by the inter-
position of a double czecum—the caeca being large, with a long
and much convoluted intestine, perhaps eight times the length
of the bird in grain-feeders, and being small and the intestine
not more than twice the length of the entire body in the birds
of prey. No ileo-ceecal valve is present. The intestine ends,
as in Reptilia, in a cloaca common to it and to the urino-
generative tract. The cul-de-sac of the vitelline duct is
persistent, and opens into the upper part of the small
intestine.
Mammalia.—Stomach of three kinds ; simple, compound,
and complex. The simple stomach is a bent sac, lined with
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a rose-coloured rugous epithelium, and found in Man, Quadru-
mana, Carnivora, Cheiroptera, and some of the Bruta and
Marsupialia. The compound stomach is a sac, more or less
divided into partitions by internal septa, or it may possess
tubular diverticula connected with it ; such a stomach is possessed
by Perissodactyla, the herbivorous Cetacea, and Rodentia.
The compound stomach consists of four distinet sacs or stomachs,
called respectively the pawnch or ingluvies, the water-bag or
reticulum, the manyplies or omasum, and the rennet or ab-
omaswm ; 1t has been sufficiently described in the preceding
chapter. Intestine divided into large and small by ileo-ceecal
valve, except in Cetacea and some Cheiroptera and Bruta.
Small intestine convoluted ; large intestine sacculated —the
sacculi being produced by the longitudinal muscular fibres
being shorter than the gut itself. In some wvegetable-feeders,
as e¢.g. the Sheep, the intestinal canal is thirty times as long as
the entire body ; in Carnivorous mammals, on the other hand, it
is much shorter, e.g. in the Cat, it 1s only five times as long. It
is interesting to note that the appendix ceci vermiformis of Man is
only found in a few Quadrumana, and in the Wombat, which is a
Marsupial animal. This circumstance is very interesting, because
the doctrine of evolution must teach us to regard this structure
as a relic of the double ceecum found in birds ; if this beso, it is
singular that the lowest and the highest orders still possess it,
while it has quite disappeared in the intermediate species.

Digestive glands in connection with the alimentary canal.—
Villi, follicles of Lieberkiihn, glandule agminate, glandulze
solitarize, and glands of Briinner are present in the intestinal
tubes of all the Vertebrata.

Liver.—A liver is also universally present, together with a
hepatic portal venous system and a system of capillaries. Pisces.
—The liver is very large in fish, elongated in long fish, and
broad in flat fish. It is often deeply lobed. In Amphibia it 1s
two-lobed and large. In Reptilia it is large, reaching to the
pericardium, and generally two-lobed ; but in Ophidia it is un-
divided. Aves.—Liver large and generally bi-lobed, with the
apex of the heart between the lobes ; central in position to
balance the bird. Mammalia.—Three-lobed in Ruminants ;
three- to five-lobed in Carnivora ; five-lobed in Quadrumana
and Man. Some Mammals possess secondary lobules, generally
situated in the right side.

GALL-BLADDER, PANCREAS, AND LACTEAL SYSTEM. Pisces.—
Analogues of pancreas are the pyloric ceeca, each, as a rule, com-
municating with the intestine by a separate opening, but where
they are very numerous some of them unite ; in the Plagio-

R
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stomi, however, although the ceca are numerous, there is only
a single aperture into the duodenum. Some Ganoidei possess
besides their pyloric ecmea a true pancreas. The gall-bladder
is present, and connected with the right side of the liver.
Lacteals present, but no lymphatic glands.

Amphibia.—Pancreas well formed and provided with a single
duct. A gall-bladder is present. Lacteals and lymphatics are
present, but no glands. Four so-called ‘lymph hearts’ are
found in the frog, two situated beneath the seapulse, and two
on the sides of the coceyx ; these pulsate regularly, and pump
the lymph directly into the veins.

Reptilia.— Pancreasg is rather small; the spleen is well
developed. Gall-bladder always present. Lacteals and lym-
phatics exist, but no glands have been found as yet.

Aves.—Pancreas is comprised of three portions, with two or
three ducts. The spleen is small. There are two bile duets,
but only one gall-bladder. Lacteals, lymphatics, lymphatic
and lacteal glands, and lymph hearts are frequently all present.

Mammalia.—Pancreas lies in the hollow of the duodenum, as
in Aves and Reptilia, and is provided, as a rule, with two
ducts. Gall-bladder absent in most Pachydermata, in many
Rodentia, and in some of the Bruta ; double in some Cats ;
present, but single, in all the rest. Lacteals, lymphatics, with
their respective glands, are always present, but none of the
Mammalia possess ‘lymph hearts.” The way in which these
several organs act exactly corresponds to their mode of action
in Man ; in the cold-blooded Vertebrata, however, it is necessary
to say that the secretions act at a lower temperature than in
their warm-blooded congeners. The gastric juice of fish, e.g.
which is extremely active in digesting food at a temperature
of 40° or 60°, loses its properties on attaining a temperature of
80°, while the mammalian gastric juice is still active at a
temperature of 120°.

Orcans ofF CIrRcULATION. Pisces.—Heart bilocular, situate
beneath the gills. The blood passes first into a large venous
sinus, placed within the pericardium ; secondly, into an awricle ;
thirdly, into a ventricle ; fourthly, into an arterial bulb ; fifthly,
into branchial artervies; sixthly, into branchial capillaries,
when the blood is oxygenated ; seventhly, into bramchial veins,
which converge to form (eighthly) the aorfa, which runs along
the dorsal part of the body and yields its blood to (minthly)
systemic capillaries, whence (tenthly) it is re-directed to the
venous sinus by a great caval vein. The auriculo-ventricular
valve is guarded by two semi-lunar valves, in the Teleostei,
and by valves with tendinous chords in the Shark family. The
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bulbus arteriosus in the last-named group is provided with
geveral tiers of valves, preventing regurgitation into the ven-
tricle ; in Teleostei there is only a single row. The Amphioxus

Fig. 58.

DIAGRAM OF THE PRIMITIVE AORTIC ARCHES OF MaummaLrs, BirDs,
AND REPTILES.

1. Common trunk or root of aorta. 2. The two branches into which it
divides, and which give off the successive arches a, b, ¢, d and ¢, which
end in 3, the dezcending aorta.

2. Veszels and aortic arches of a Snake, and the changes which the
primitive condition shown in preceding figure has undergone. In this
and the following figure, the parts left blank are those which abort. a.
Descending aorta. b, ¢, Remnant of a primitive aortic arch, e, in fig.
1, or ductns Botalli, . Pulmonary artery. e, ¢. Left aortic arch. 1.
Right principal aortic arch. ¢. Common carotids. %. External
carotids, ¢. Internal carotids.

3. Vesgels and aortic arches of a Lizard. a. Descending aorta. o Sub-
clavian arteries. ¢. Rudiments of 1st (right and left) arches. . Left
aortic arch, ¢, e, Puhmonary arteries. f. Right principal aortic arch.
g. Common carotids. k. External carotids. i. Internal carotids.

does not possess a heart ; but there are several sacs in connection
with the blood-vessels which contract rhythmically.

Amphibia,—Heart trilocular, two auricles, and one ventricle ;
E 2



244 COMPARATIVE ANATOMY.

to which succeeds a bulbus arteriosus. This gives off two arteries,
which first of all give off the carotids and subclavian arteries,
and then, arching round the cesophagus, unite to form the aorta.
The veins contract rhythmically. The right auricle receives
the blood from the body, the left, the blood from the lungs ;
the two streams are mixed in the single ventricle. During the
metamorphosis of the Frog, the circulatory system undergoes
changes which conduct us from the piscine to the reptilian
condition. The Tadpole possesses a bilocular heart, which
pumps the blood through three branchial arterial arches
into the capillaries of the gills; thence it passes by veins
to the rest of the body, the foremost giving off branches to the
head, the second and third uniting to form the systemic aorta.
In addition, - however, to these branchial arteries, a small
arched vessel is placed beneath each gill, inosculating on the
one hand with the branchial arteries, and on the other with the
commencement of the descending aorta. As the Tadpole grows,
more and more blood passes through these communicating
vessels, and less and less through the branchial arteries,
until at last all the blood passes through the new vessels, and
the branchial arteries become obliterated, together with the
gills which they supplied. Cotemporaneously with these changes
a little vesicular body is becoming developed in the thoracico-
abdominal region, which is in fact the rudimentary lung, and
by-and-by a little twig from either side of the lowest vascular
arch ramifies upon this sac, which finally become the pul-
monary arteries. Part of the blood leaving the ventricle
now enters these pulmonary arteries, the rest enters the two
remaining vascular arches, part going to the head, but the
greater part entering the aorta. The blood returning from the
lungs gradually acquires a separate chamber for itself, and so
the left auricle is produced. This constitutes the Reptilian
character of circulation ; the further changes necessary to esta-
blish the perfectly double circulation of Birds and Mammals
simply consist in the development of a ventricular septum.
Reptilia.—Heart trilocular in the lower, imperfectly four-
chambered by a partial ventricular septum in the Crocodilia.
There are always two aorte, right and left, which, after
supplying the head and anterior limbs, unite to form a single
vessel, The right or systemic auricle is larger than the left.
Aves.— Heart quadrilocular, the right side containing venous
blood, and the left pure arterial blood. The heart, like most
of the other viscera, is placed quite centrally, so as to balance
the bird, and the aorta arches over the root of the right lung.
All the arterial branches are symmetrical. The heart of birds
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DisGRAM OF THE CIRCULATION IN VERTEBRATA AND MOLLUSCA.

Birds and Mammals,

Fig. A. a. Lesser or pulmonary cirenlation. b Greater or systemic cir-
culation. ¢, Pulmonary artery. d. Pulmonary veins. e, Right auricle.
J. Left agricle. g. Eight ventricle. &. Left ventricle. i, Vena ecava.
k. ‘Aorta. . Heart.

Reptiles.

Fig. B. a and b as above. c¢. Single ventricle. d. Vena cava. e. Aorta,
J. Heart.

Fishes.

Fig. C. @ and b as above, c¢. Veniricle. 4. Aunricle. e. Veins. 7. Dorsal
artery. g. Heart.

Mollusca.

Fig. D. a and b as above. ¢. Veins. d. Arteries, e. Heart., . Branchio-
cardiac canals,
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is conical, and very muscular. The femoral and sciatic arteries
arise from the abdominal aorta by separate origins.

Mammalia.—Heart quadrilocular, and circulation always
double. Heart generally median, but inclines to the left in the
Anthropomorpha and Man. Ruminantia possess a bone at the
base of the breast to give increased attachment of origin to ven-
tricular muscular fibres. Aorta arches over root of left lung,
and branches unsymmetrically. In Carnivora and other leap-
ing Mammals, the brachial artery passes through a foramen
in the humerus, to protect it from pressure. When a vessel
breaks up into a great many branches of equal size, which,
after passing a certain distance unite to form a single trunk
again, we have what is called a refé mirabile. This arrange-
ment delays the passage of the blood, and so keeps up the vital
tone of the muscles supplied by this blood for a lengthened
period ; we consequently meet with these retia mirabilia in
animals that undergo long-continued muscular exertion ; e.g.
the axillary artery of the climbing Sloths and Lemurs, the
carotid arteries of Ruminants, and the thoracic arteries of
Cetacea are instances of retia mirabilia. Some Mammalia pos-
sess a double superior vena cava; the higher Mammals only
possess a single one,

ORrGANS oF RESPIRATION. Pisces.—DBranchia or gills. There
are five branchial arches in each side of the head, the first four
supporting the gills, and the fifth supporting pharyngeal teeth.
Each branchial arch is convex externally and concave inter-
nally ; it supports the branchie as the back of a comb sup-
ports the teeth. Each of the processes is covered with a rich
vascular capillary plexus. The branchial artery, carrying
venous blood, runs on one side, and the branchial veins, carry-
ing pure blood, on the other : the capillaries are between the
two. The water, containing the oxygen, is taken in through
the mouth, passed over the gills, and then expelled through a
large slit, which is guarded by a membranous fold supported
by the branchiostegal rays. The gill cover is the operculum.

Besides the gills, many fish possess an air-bladder, which is
the rudimentary homologue of the lungs. It is placed dorsally
and variously shaped, being fringed in the Cod, single in the
Perch, constricted in the Carp tribe, furnished with large pro-
cesses in the Gurnard, &ec.

In most Fishes, a duct, called the * pneumatic duct,” connects
it with the pharynx or ecesophagus. When this is not the case,
the sac is filled with gas by a process of secretion from the blood.
I'ts interior is vascular, and contains gas, chiefly nitrogen, and
a little oxygen. It is mainly hydrostatic in function. Fishes
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are suffocated when removed from the water, because the gills
become clogged, and so arrest the circulation and respiration.

Amphibia.—All Amphibia, when young, possess external gills.
They project from the sides of the head into the water, and are
slightly and minutely branched. The lowest Amphibia, such as
the Syren, Proteus, and Axolotl, retain these external gills
throughout the whole of life ; higher forms, such as the Triton,
retain them for a few days after birth ; and the highest, such
as Frogs, only possess them for a very short time after ex-
trusion from the egg.

Besides these external gills, some Amphibia possess infernal
gills. They are, as a rule, transitional organs, as e.¢. in the Frog,

DIAGRAM ILLUSTRATIVE OF THE RESPIRATORY ORGANS OF VERTEBRATA,

A. Swim bladder of Gurnard. B. External gills of Tadpole. ¢. Gills of
a fish (Anabas). D. Lungs of a bird, showing at a the branchial tube
passing through the lung and opening freely into the thoracico-abdomi-
nal cavity.

when they grow, decline, and fall during the development of
the lungs. The internal gills are attached to the hyoid appa-
ratus ; they are lodged in a branchial chamber, and water is
admitted to them through the nose or mouth, the same water
being discharged through a slit on the left side of the neck.
The Caducibranchiate Amphibia respire in their adult con-
thit}_n by lungs. These are two sac-like organs, which com-
municate with a larynx and the mouth j the larynx, in faet,
makes its first appearance in the Amphibia, and the croaking of
the F rog may be regarded as the first specimen of true vocal
music in any animal. Inspiration is performed in a manner
somewhat peculiar to the class : there are muscles of inspiration
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resembling those of Mammals. The throat muscles attached to
the hyoid bone are strong ; air is swallowed into the pharynx,
and then, the mostrils being closed by valvular flaps, ig pumped
through the glottis into the lungs by contraction of the pharyn-
geal muscles : there is no epiglottis to prevent the air entering
the lungs. The structure of the Amphibian lung is subcellular;
the bronchus ends abruptly in this general mass of subcellular
Iung. The skin acts as an auxiliary respiratory organ, possess-
ing the power of absorbing oxygen and exhaling carbonic acid.

Reptilia.—All breathe by lungs; these organs, however, are
never so finely cellular as in the higher classes of Birds and
Mammals, the bronchi ending abruptly in the honeycomb-like
mass. This condition is unfavourable to the rapid aération
of the blood, and consequently we find that the circulation
of the Reptilia is very slow, and the blood of low tempe-
rature. They inhale, as the pulmonated Amphibia do, by a
process akin to deglutition ; the posterior nares being closed
during the pumping movement by which the pharyngeal
muscles force the air into the lungs. All Reptilia have two lungs,
but owing to the peculiar shape of Ophidia, they often look
as if they only possessed one, the other, which is the left, being
quite rudimentary. In the aquatic Reptilia, the large and sac-like
lungs act hydrostatically, and help to buoy up the weighty body.
A trachea is present, and the larynx possesses vocal chords.

Aves.—The lungs of birds are symmetrical, like most of the
other organs ; they are also very finely cellular, in accordance
with the high degree of perfection to which the respiratory
function is carried in these animals, and also en rapport with the
high temperature of the blood.

In the larger Birds the bronchial tubes divide dichotomously
upwards of seventy times before terminating in the avian air-
cells. Expiration is an active muscular movement, while in-
spiration follows as a passive result of the muscular tension
being taken off ; when a bird expires, the large sternum, carry-
ing with it the ribs, is bent towards the spine, and when this
action ceases, the bent ribs (for they will bend considerably)
resume their normal position by an inherent function of resiliency
or elasticity. The air does not, however, remain in the lungs
only of birds, but passes through large openings into the
common thoracico-abdominal cavity, and also into the hollow
pneumatic bones: all these arrangements being designed to
lighten the body of the bird. In addition to these osseous
cavities, birds possess air-sacs appended to different parts of
the body, in the neck, body, or limbs, which serve a similar
purpose to the loculi in the bones. By these arrangements the
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respiratory air, in many birds, after traversing the lungs
passes into the abdomen, which is not (except in the Apteryx
and a few others) separated from the thorax by a diaphragm,
and into the upper limbs of birds of flight, into the lower, or
hinder, in cursorial birds. The tracheal passages present an
upper larynx, a trachea, and a lower larynx. The upper
larynx is small, it is not supplied with true voeal chords, but is
worked by efficient muscles ; the latter, however, are not
numerous, and a sphincter answers the purpose of the greater
number of the laryngeal muscles known in Man. The larynx
is often long and composed of entire rings of cartilage. The
lower larynx, or syrinx, is a much larger box than the upper,
and somewhat resembles an irregular drum. It islargest in the
aquatic birds, it is auxiliary in vocalisation, and is probably
useful in forming a reservoir for air during submersion, and is
not, as is commonly stated, the principal organ of voice. The
most beautiful songsters, who are also notable for their
strength of voice, have scarcely a trace of this second larynx,
while it is most highly developed in the Duck tribe, who are
not remarkable either for the sweetness or the power of their
voice.

Mammalia.—The Mammalia all possess a diaphragm (which
shuts off the thorax from the abdomen), and a pair of finely
cellular lungs ; the right one being, as a rule, the larger. The
action of inspiration is effected by muscular contraction ; the
chief muscles employed being the diaphragm, external inter-
costal muscles, pectoralis major, serratus posticus superior,
and levatores costarum ; the action of expiration is effected by
the resilience of the ribs, costal cartilages, and lungs themselves,
aided by muscles, the chief of which are the internal inter-
costals, the serratus posticus inferior, and the muscles of the
abdominal wall. Some mammals, as e.g. the Horse and Ele-
phant, have simple, undivided lungs, but in most mammals they
are divided into from three to five lobes.

OrGAN oF VoIcE. Pisces.—Some Fish, when taken from the
water, produce a noise, but this is not a laryngeal note, but
caused by the flapping of the gill covers, and the Tambour Fish
produces a loudish note when in the water, by the repeated con-
tractions of the muscular walls of its large air-bladder.

Amphibia possess a larynx, and often membranous voeal
chords, but no trachea, the larynx ending abruptly in the lungs.

Reptilia possess a larynx and trachea, but are endowed with
very limited vocal powers. The hissing of snakes is caused by
the air being forcibly expelled through the glottis, there being
no vocal chords.
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Aves, as before stated, possess an upper and a lower larynx
connected by a trachea. The upper larynx is supplied with
a sphincter muscle, but does not possess vocal chords. The
lower larynx is placed at the lower end of the trachea, just
before it bifurcates into the two bronchi. It is, except in the
Parrot, nearly always a double and symmetrical organ. A bone
called the os transversale is thrown across the upper opening of
the two bronchi, having a membrane connected with its upper
and its lower border ; the upper membrane is called the membrana
semilunaria, and the lower is the membrana tympawiformis.
Both the upper, or larynx proper, and the lower, or syrinx, are
probably concerned in vocalisation ; inasmuch, however, as the
lower organ is very ill-developed in songsters, and most highly
developed in aquatic Birds, it is probably subservient to other
functions than those of voice.

Mammalia.—In most the organ of voice is fashioned much as
in man, but some few Mammals are voiceless, viz. the Giraffe,
Armadillo, Porcupine, and all the Cetacea—the bellowing of
the latter animals being produced by the forcible expulsion of
the water from the spiracles. Many Mammals possess large
air-sacs in connection with the larynx, which act as sounding
boards, and increase the reverberation of the voice ; the bray of
the Ass and the howl of the Mycetes Monkey are due to these
organs. If air be forcibly passed, by a bellows, for example,
through the trachea of any animal, when the windpipe is
removed from the body, a note is produced similar to the
natural ery of the animal. Both in Mammals and Birds, the
voice is pitched in the minor key.

NERVOUS SYSTEM. Pisces. Spinal cord is uniform in diameter,
and smaller than in other Vertebrates, in accordance with the
limited variety of movements performed by the fish. Medulla
oblongata, sometimes divided into two perfectly distinct halves,
and generally very simple in construction, but it possesses a
nodule on the floor of the fourth ventricle, and two lobes (vagal)
in connection with the vagus nerve.

Encephalon consists of three pairs of symmetrical ganglia, which
are from before backwards, olfactory lobes, corpora striata, and
optic lobes. The lower part of the optic lobes encloses the
third ventricle, the upper partis connected with the pineal
gland above, and the pituitary body below.

The corpora striata, homologues of the cerebral hemispheres,
are often smaller than the optic lobes. In some fish (Plagio-
stomi) the cerebral hemispheres contain a small cavity or lateral
ventricle. The olfactory lobes are elongated, and sometimes
placed considerably in advance of the rest of the encephalon.
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Cerebellum is comparatively large; it is a single median
lobe, which answers to the vermiform process in Man. There
is no pons Varolii. i

Amphibia.—In the Perennibranchiata the spinal cord is small
and uniform in size ; in the Caducibranchiata it is larger, with
two distinet enlargements corresponding to the origin of the
nerves of the fore and hind limbs. Encephalon. The olfactory
lobes are sessile. The cerebral lobes are relatively larger than
in fish ; the optic lobes are still bigeminal, and the cure_i_mllum
single, median, and very small. There is no pons Varolii.

Fig. 61.
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Bramxs or A FIsH, AN AMPHIBIAN, A BIRD, AND A MAMMAL.

A. Herring. a. Rhinencephalon or olfactory lobes. & Prosencephalon or
corpora striata, the only representatives of the cerebral hemispheres, e Me-
sencephalon or optic lobes. d. Metencephalon or cerebellum. e Medulla
oblongata, B. Frog. a.Olfactory lobes. b. Optic lobes. e. Cerebellum.
d. Medulla oblongata. C. Fowl. a. Cerebral hemispheres, which here quite
conceal the olfactory lobes in front, but leave the optic lobes, b. exposed
laterally and inferiorly behind. e¢. Cerebellum. d. Medulla oblongata. I,
Sheep. a. Cerebral hemispheres. b. Cerebellum. e. Medulla oblongata.

Reptilia.—In Ophidia the spinal cord is uniform ; but it pre-
sents two ganglionic enlargements in all other Reptilia. Encepha-
lon. The olfactory lobes are small. The cerebral lobes have now
attained a considerable size ; they are hollow, and the corpora
striata and thalami optici can be distinctly made out. The optic
lobes now present the form of corpora quadrigemina, and are
quite insignificant in proportion to the cerebral lobes. The cere-
bellum is still median in position, and consists of a single lobe.
There is no pons Varolii. The cerebral lobes present a fissure,
which is the homologue of the fissure of Sylvius.

Aves.—Spinal cord tapers to the lower end, and presents two
distinet enlargements, corresponding to the pectoral and pelvie
limbs. Encephalon. The olfactory lobes are hidden by the cerebral
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lobes, which have now attained the condition of cerebral hemi-
spheres. The latter are hollow; they possess corpora striata,
thalami optici, a round commissure, and a rudimentary fornix.
There is, however, no corpus callosum ; nor are there any cerebral
convolutions. The optic lobes are placed below and on either
side of the cerebral hemispheres. The cerebellum still only
consists of the median lobe, but is marked by transverse strize.

Mammalia.—Spinal cord always presents cervical and lumbar
enlargements. Encephalon much larger relatively than in lower
classes. The lowest Mammalia possess perfectly smooth un-
convoluted hemispheres, which are held together by a merely
rudimentary corpus callosum. The fissure of Sylvius and the
fissure of Rolando are however nearly always discernible. In
the lower Mammalia the cerebral hemispheres leave the olfactory
lobes uncovered in front, and the optic lobes uncovered behind.
As we ascend the class, the hemispheres and the corpus
callosum become relatively larger and the convolutions more
numerous. The cerebellum possesses lateral lobes as well as
a median portion ; and the medulla oblongata is connected by
a well-marked decussation of the anterior pyramids.

The relative weights of the encephalon, as compared with the
body, are in Fishes 1 to 5668 ; in Reptilia, 1 to 1321 ; in Aves,
1 to 212 ; and in Mammalia, 1 to 186. Amongst the latter,
many variations occur, e.g., in the Horse it isas 1 to 400; in
the Dog, 1 to 305 ; in the Cat, 1 to 156 ; in Man it is about
1 to 40. Some animals possess a relatively heavier brain than
Man, e.g. in the Marmoset Monkey it is 1 to 22, and in the
Tit 1 to 12 ; in the Anthropomorpha it is 1 to 50. No animal,
however, has a brain which can be compared to that of Man
for the extent or number of the convolutions, and corresponding
quantity of grey matter ; whilst the angular convolution, the
hippocampus minor, and the marked asymmetry of the two
hemispheres, are features possessed by the brain of Man alone.
The brain of Man weighs about 58 oz., that of the Whalebone
Whale about 5 lbs., and that of the Elephant about 10 lbs. ;
the latter has therefore the heaviest brain in the entire Animal
Kingdom.

ORGANS OF SENSE, Pisces. Smell.—Nasal foss are culs-de-
sac, lined by ciliated epithelium, sometimes plicated.

Sight.—No eyelids or lachrymal gland. Cornea flat. Scle-
rotic very thick behind. Choroid and iris not remarkable.
Retina plicated like a lady’s fan. An additional structure,
called the ‘ choroid gland,’ is placed around the entrance of the
optic nerve, between the layers of the choroid.

Hearing.—A vestibule is present, containing otoliths and -
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fluid, communicating with the auditory nerve, but not externally.
Semicircular canals sometimes added.

Amphibia.—Smell. Nasal fossee communicate with mouth,
lined by smooth ciliated epithelium.

Sight.—Eyelids and lachrymal glands present. The eyes
are large, and a third eyelid or nictitating membrane is often
present.

Heaiing.—Vestibule, and tympanum with Eustachian tubes
passing from the latter to the pharynx: the tympanum is tra-
versed by a single ossicle called the columella, supposed to
represent the stapes.

Reptilia.—Smell. Two nasal fosse with plicated membrane,
but only a single opening anteriorly and posteriorly.

Sight.—Eyelids and lachrymal glands present; the latter
often large. Ophidia do not possess eyelids. Membrana nicti-
tans generally present.

Hearing.— Vestibule, tympanum with columella, and a rudi-
mentary cochlea, which is simply a bent tube, and is not divided
into true scalze. :

Aves.—Smell. Nasal fossse distinet, but mucous membrane
only slightly plicated : no cartilages are present.

Sight.—Eyelids with membrana nictitans, and lachrymal
glands. Sclerotic strengthened with osseous plates. Iris con-
tains striated muscular fibres.

An additional structure, ealled the ‘pecten,” or marsupium,
iz found in the vitreous humour, extended between the optic
nerve and the lens.

Hearing.—Sometimes external meatus, but never pinna.
Tympanum with single ossicle, the columella. Vestibule and
cochlea, the latter more spiral than in Reptilia.

Mammalia.—Small. Nasal fossee always distinet. Mucous
membrane often much plicated, and turbinals much convoluted.

Sight.—Nothing remarkable.

Hearing.—Pinna (except in Cetacea and Seals), external
meatus, tympanum with three ossicles, malleus, stapes, and
incus ; vestibule, three semicircular canals, and a cochlea form-
ing two and a half turns, and divided by a median partition
into two scale; the scala tympani communicating with the
tympanum, and the scala vestibuli communicating with the
vestibule.

Excrerory OrcGANs.—Pisces. The kidneys are chiefly supplied
with venous blood : they are large, generally placed above the
air-bladder, and attached to the vertebral column. The cortical
substance is alone present, i.e. the convoluted tubes end at once
in the ureters. They represent the temporary kidneys of the
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higherVertebrata, or the Wolffian bodies. The uriniferous tubes
of fishes are ciliated.

Amphibia.—The renal arteries, as in Pisces, are numerous,
and the kidneys also receive much venous blood. The kidneys
themselves are elongated, with a narrow anterior extremity.
They are dorsal in position, and pour their secretion through a
narrow ureter into a common cloaca.

Reptilia.—Renal arteries still numerous, and much venous
blood goes to the organs. Kidneys dorsal in position, generally
large. Cortical substance alone represented. Ureters long,
narrow, and end in a cloaca. In Ophidia they are asymmetrical,
like most of the other organs, the right being higher than the
left. The secretion in these animals is almost solid, consisting
nearly entirely of uric acid, the solidity being due to the small
quantity of fluid drunk by serpents.

Aves.—Renal arteries numerous, and venous blood abundant,
from which source indeed the urine in all the preceding classes
is secreted, Kidneys are large, and lodged beneath the verte-
bral column, following the inequalities of this region. Cortical
substance alone represented. The ureters end in a cloaca, in
which, however, there is a recess, which is sometimes regarded
as a rudimentary bladder.

Mammalia.—Renal arteries, two in number, and no venous
blood directly supplies the kidneys. Both cortical and medul-
lary portions present in adult condition. In the embryological
state the kidneys are always much lobulated, and this lobular
condition is persistent in many mammals, e.g. in Bears, Rumi-
nants, Otters, Seals, and the Cetacea.

Organs of Reproduction.—A separate description of these
organs is given in Chapters XXXVTII, and XXX VIII.
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APERINIDIX.

ANSWERS TO EXAMINATION PAPERS.

It 1s sometimes a matter of diﬂicult{ to a student, in answering ex-
amination questions, to know how much to say, and in what form it is
Lest to say what he does know upon the subject. In order to give
some idea as to the manner in which questions should be answered, I
have selected a couple from the University Calendar, and written brief
replies to them, as a sort of guide to the student.

1867. ¢ Describe the principal forms of the respirvaiory apparatus
amongst the Mollusca.

Some of the molluscous orders are aquatic in their habits, while
others pass a terrestrial existence ; the principal modifications of their
respiratory organs have reference to this fact.

1st. The Aquatic Mollusea respire by means of branchie. They in-
clude the Lamelli-branchiata, Pteropoda, Branchio-gasteropoda, and
Cephalopoda.

The respiratory apparatus in the Lamelli-branchiata is arranged in
the form of four delicate leaves, composed of radiating fibres attached
to the body by one extremity, but perfectly free elsewhere; there are
two leaves for each lobe of the mantle. The fringes are not only
covered with an exquisitely fine network of blood-vessels, but are also
richly ciliated, so that the water is continually being changed, and so
fresh oxygen constantly DLrought into contact with the small blood-
vessels of the branchize,

In the Pieropoda the respiratory organs are situated at the extremit
of the wing-like fins or ‘feet. These wings are very thin, and richl
supplied with blood-vessels, whose contents are sufficiently purified by
direct contact with the oxygen mechanically mixed with the sea water.

The Branchio-gasteropoda have their gills variously situated and
variously shaped, and, in accordanee with this fact, have been divided
into several orders, such as Nudi-branchiata, Gasteropods like the Doris,
in whom the branchize are freely exposed as a rich arborescent fringe
from some part of the animal’s body ; Infero-branchiata, Gasteropods in
whom the branchiz, resembling two long rows of leaflets, are placed on
the under surface of the body; and Pectini-branchiata, which order
includes all the inhabitants of spiral univalve shells, and in whom the
branchiz are placed internally in the centre of a large cavity, to which
the water 1s freely admitted. The gills are, as the name implies,
arranged like the teeth of a comb. and form one two, or three rows,
suspended from the branchial chamber,”
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The Cephalopoda breathe either by two or four branchial organs.
These branchiz are situated within the viseeral sae, and consist of a
broad central stem, to which are appended a great number of highly
vascular laminz,

2nd. The Mollusca which vespire air consist of the Pulmo-gasteropoda
alone.

The respiratory apparatus of these air-breathing Mollusca is ar-
ranged as a large, somewhat triangular, chamber, to which an opening
of considerable size, situated on the right side of the body and near
the dorsal margin of the shell, conducts the air. The roof of this
respiratory chamber i1s very abundantly supplied with blood-vessels,
arteries, and veins; and the floor is occupied by a muscular septum,
which, eontracting after the fashion of a mammalian diaphragm, con-
stantly expels the respired air, which is renewed on the relaxation of
the muscle.

1869. ¢ Describe the process which has been termed the alternation of
generations ; and give three examples of it

Amongst certain families of invertebrates, duly fertilised ova are

roduced as the result of sexual intercourse, which ova develop into
animals totally unlike their parents, and give birth (non-sexually) to
psendova, which in their turn either directly revert to the original type
or pass through two, three, or even more generations until their (non-
sexual) offspring assumes the likeness of the first parent. This process
constitutes what is termed alternation of generations, and must be care-
fully distinguished from metamorphosis, in which process the fertilised
ova pass through several perfectly distinct types of being before ar-
riving at the mature form, but do not give origin to ova during this

ess ; the original ova themselves completing the cyele of changes.

Metamorphosis is met with amongst insects, and even in one class of
vertebrates, viz. the Amphibia. Alternation of generations is confined
to the invertebrate kingdom, and chiefly to the lower ranks of this
great division ; being eommon amongst the Molluscoida, Ceelenterata,
and Protozoa ; rarely met with amongst Annulosa ; and never amongst
the Mollusca. I shall select an example from the three different
classes—Ceelenterata, Annuloida, and Annulosa,

1. Celenterata.—Some Ceelenterata produce fertilised ova, which
give origin in their turn to a second generation, without any further
gexual intercourse. The form which is evolved from the fertilised
ovum ig called a Seolex, which produces secondary forms, by gemmation
or fission, called Strobila. The Strobila, in their turn, produce beings
like the original Cewlenterate parent, provided with male and female
organs. This last and perfect form is called a Proglottis.

I will illustrate the alternation of generations met with amongst this
class by an outline of the reproduction of a Medusa.

The Medusa produces a vast number of fertilised ova, which are
very generally ciliated, These ciliated ova swim freely about and in-
crease in size ; finally, they attach themselves to a fucus or ﬁeanﬂgd.
and assume a hydra-like form. In this condition they produce an in-
definite number of beings like themselves by a process of budding
(gemmation) ; these gemmiparously produced polyps then develop a
number of transverse wrinkles along their entire body ; these wrinkles
deepen, and finally separate the single animal into a number of toothed
disc-like bodies, called Planulz, These Planule thus set free, rapidly
acquire the form and functions of the perfect Acaleph or Medusa from
which they were originally produced.

it

it e,
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2, Annuloida.—As an example of alternation of generations amongst,
the Annuloida, I shall select the transformation of Cercariz into
Distomata.

The life history of a Distoma, or Fluke, is as follows : The fertilised
ova derived from the mature Distoma grow up into little yallﬂw
worms, about two lines in length; these develop (non-sexually) a
numerous progeny of minute animals within their interior, called
C‘ercm-:.fe These Cercariee, escaping from the bodies of the worms, or

‘nurses’ as they are called, to distinguish them from true mothers,
move freely about in the water by means of a little tail. After a time
the animal crawls on to the body of a Molluse, and burrowing its way
through the integuments of its unwilling entertainer, ensconces itself
within the interior of the snail's body (for it is generally a Limnseus
that it selects). During this process the tail is lost, and the little
Entozoon becomes surrounded by a mucous secretion poured out from
its own body, which hardening, encloses in it a vitreous-like case. In
this condition it remains quiescent for months, but finally bursting its
pupa case, makes its way to the liver, where it becomes developed into
a veritable Distoma.

3. Annulosa.—The Daphnia is the only instance afforded by the
Crustacea, but there are a few instances amongst the Insecta of the
phenomena in question. The female Daphnia, which I will take as an
example, presents the remarkable phenomenon of producing true ferti-
lised ova at one season of the year, and unfertilised or Pseudova at
other seasons. These Pseudova themselves grow up into little Cru-
staceans, which non-sexually produce other ova, which finally develop
into perfect Daphnise, capable of sexual reproduction.
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Acalephe (axadfgn, a nettle), an
order of Hydrozoa, named from
the property they possess of
stinging,

Acanthocephala (&xavfe, a thorn ;
keparf, head), parasitic worms
grouped under Scolecida.

Acarina (&xepi, a mite), an order
of Arachnida.

Actinosoma (axtis, a ray; odua,
body), a term used to signify the
entire body of an Actinozoon,
whether simple or compound.

Actinozoa (axtis, a ray; (@ow, an
animal), a class of Celenterata.

Adelthrosomata (&dnies, hidden ;
&pfpor, a joint ; edue, body), an
order of Arachnida.

Agamie (&, without ; 7yduos, mar-
riage), term employed in asex-
ual reproduction.

Allantois (aAhas, a sausage), one
of the feetal membranes present
in some of the Vertebrata,

Ametabolic (&, without; merdBoAn,
change), applied to insects that
cdo not pass through a metamor-
phosis during growth.

Amnion (auwés, a lamhb), one of
the feetal membranes of certain
Vertebrata.

Ameba (apoiBds, changing), an
order of Rhizopoda.

Amphibia (&udl, both ; Bios, life),
applied to such animals as frogs,
which live both on land and in
water.

Amphicelous (&uepl, both; koiAes,
hollow), vertebree with a cup
either end.
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Amphioxus  (aupi, both; d&ds,
gharp), the Lancelet, which
tapers to either end of its body.

Amphipoda (&u¢i, both; wobs,
foot), an order of Crustacea,
whose feet serve both for walk-
ing and swimming,. '

Anarthropoda (& without ; ¥p6por,
a joint), Annulosa which do
not. possess jointed appendages.

Annuloida (anellus, dim. of anu-
lus, a ring; eldos. form), sub-
kingdom of Echinodermata and
Seolecida.

Annulosa (anulus, a ring). Sub-
kingdom of jointed animals,
ineluding Anarthropoda and
Arthropoda.

Anomura (&vouos, irregular ; oipe,
a tail), a tribe of Crustacea,

Anoplure  (&vomwAos, uparmed ;
otpe, a tail), an ordexof Insecta.

Anoura (&, without ; odpd, a tail),
an order of Amphibia, including
Frogs and Toads,

Antenne (antenna, the yard-arm
of a ship), the horns or feelers
of Arthropoda.

Aphaniptera  (&pavns, inconspi-
cuous ; wrepdy, a wing), an order
of Insecta.

Apoda (&, without ; wois, a foot),
fishes which have no wventral
fins.

Apodemata (&mwodalw, I portion off).
the chitinous septa which
divide the somites in Crustacea.

Aptera (&, without; wrepdv, a
wing), the wingless Insecta.

Apteryx (&, without; wrépuE, a
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wing), a2 New Zealand bird
which only possesses the rudi-
ments of wings.

Arachnida (&pdxvn, a spider), a
class of Arthropeda.

Anthozoa (&vbos, a flower), a class
of Celenterata;  generally
termed Aetinozoa.

Archaopteryx  (Gpxaios, ancient;
wrépvf, a wing), a fossil bm:l
which possessed a tail of true
vertebrae.

drtiodactyla (4prios, even; ddi-
TvAos, a finger), the cloven-
footed quadrupeds.

Ascidioida (ackéds, a bag), or Tuni-
cata, an order of Molluseoida.
Atrivm  (atriwm, a hall), the
large cloaea or chamber into
which the intestine of Ascidicida

opens.

Autophagi (abrds, self; ¢dyew,
to eat), birds whose young are
independent of the mother’s care
on their escape from the egg.

Aviewlarium (avicula dim. of aws,
a bird), peculiar little processes
found in many of the Polyzoa,
shaped like a bird's beak.

Balanide (Bdrkavos, an acorn),
the acorn shells, a family of
Cirripedia.

Batrachia (Barpaxoes, a frog), for-
merly applied to the whole class
of Amphibia, now restricted to
Frogs and Toads, the dnoura.

Blastoidea (BraoTds, a germ ; eldos,
form), an order of Echinoder-
mata, now extinet.

Brachyura (Bpdxvs, short ; olpe, a
tail), the crabs, a family of
Decapod Crustaceans.

Bradypodide ( Bpadis, slow ; wovs, a
foot), the Sloths.

Branchiostegal (Bpéyx:a, the gills ;
oréyw, I cover), the membrane
which covers the gills of fish.

Bruta (brutus, heavy), an order
of Mammalia, sometimes called
Edentata.

Brozoa (Bptov, moss; (@ov, an
animal), an order of Molluscoida,
now called Polyzoa.

GLOSSARY.

Dyssus (Bbewos, flax), the thread-
like filaments by which mussels
and other Mollusea attach them-
selves to rocks, &e.

C’.-:zfympﬁ::-rm’e (kdrvE, a cup;
¢épw, [ bear), an orderof Hydro-
Z0A..

Campanularida (Campanula, a
bell), an order of Hydrozoa.

Catarhina (kard, downwards; pls,
piwds, the nose), a fa,mlly of
Quadrumana comprising the
Anthropoid or Tailless Apes.

Cavicornia (cavus, hollow ; cornu,
a horn), Ruminants with hol-
low horns.

Cephalopoda (kegparh, head ; wois,
a foot), the highest class of
Mollusea, e.g. the Cuttle Fish.

Cestoidea (kéoros, a girdle), now
called Tweniada, intestinal worms
with flat tape-like bodies.

ﬂw‘rﬂpk&n (kéoTpe, a weapon;
¢épw, I bear), a family of Flas-
mobranchii or Sharks.

Cetacea  (xfjros, a whale), the
order of whales.

Chetognatha (xairn, hair ; yrdfos,
jaw), a class or order of Annu-
losa containing only Sagitta.

Cheiroptern (xelp, hand ; wrepdp,
wing), the Bats, an order of
Mammalia.

Chele (xnAh, a claw), the prehensile
claws terrmnating the limbs of
some Crustaeea, e.g. the Lobster.

Chelonia (xeAdwn, a tortoise), an
order of Reptilia.

Chilognatha (x€ixos, a lip ; yvabos,
a jaw), an order of Myriapoda.
ﬂ&zﬁﬂpﬂdﬂ (xetros, a lip; movs, a
foot), an order of Mj,:riapuda.
Chitine (xirdv, a coat), the horny
eovering which form the exo-
skeleton of many Invertebrata,

e g. of the Beetles.

Ciliograda (cilivm, an eyelash;
gradior, I walk), or Ctenophora,
an order of Aetinozoa.

Cirripedia (cirrus, a curl; pes, a
foot), a group of Crustacea, e.g.
the Barnacles.
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Cirrostomi (cirrus, a curl; oTdus,
mouth), an order of fishes—
otherwise called Pharyngobran-
chii.

Coccoliths (kokxos, a berry; Alfos,
a stone), round bodies found
on Coccospheres.

Coccospheres (kdkkos; apaipa, a
sphere), larger masses of sarcode
often found on low forms of
Protozoa,

Celenterata (kothos, hollow ; Erre-
pov, intestine), the sub-kingdom
of Invertebrata,comprising Hy-
drozoa and Actinozoa.

Cenenchyma (rowds, common ;
€vyvua, tissue), the common sup-
port of compound corals,

Ceencciwmn (kowds, common, olxos,
house), sometimes called poly-
zoary, and signifying the entire
dermal system of a Polyzoon.

Cenosarc (kowds ; aapk, flesh), the
common stem of Hydrozoa.

Coleoptera(roheds, a sheath; wrepdv,
a wing), the DBeetles whose
anterior wings protect their
posterior.

Conirosires (conus, a cone; ros-

* trum, a beak) an order of In-
gessorial or Perching Birds.

Copepoda (kdwm, an oar; wous, a
foot), an order of Crustacea.

Crinoidea (xpivos, alily; eldos,form),
an order of Echinodermata.

Crustacea (crusta, acrust), a class
of Annulosa, comprising Crabs
and Lobsters,

Ctenocyst (krels, a comb ; klerTus,
a bag), the sense organ of Cteno-
phora.

Ctenoid (kTeis, a comb ; elbos, form),
fish-scales with fringed edges,
e.g. those of the Sole.

Ctenophora (xtels, a comb ; ¢épw,
I bear), an order of Actinozoa.

Cyeloid (rirAos, a circle, eldos,
form) fish-scales with an even
margin, e.g., those of the Dace.
clostoms (kivxAos,acirele ; oTdua,
mouth), an order of fishes, other-
wise called Marsipobranchii.
stica (kvorTis, a sac), the em-
bryonic forms of Tapeworms.
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Cystoidea (kdaTis, a sac; eldos,
form), an order of Echinoder-
mata, now extinet.

Decollated (decollo, I behead), uni-
valve shells, whose apex falls off
during growth.

Deinosauria (Sewds, terrible; cavpa,
a lizard), an extinct order of
Reptilia.

Dentirostres (dens, a tooth; ros-
trum, a beak), perching Dbirds
with a toothed mandible.

Dibranchiata (81, double ; Bpdyxua,
gills), an order of Cephalopoda.

Dicynodontia (8, double; wvwy, a
dog ; odovs, a tooth), an extinct
order of Reptilia.

Didelphia (8, double; deAgis, the
womb), mammals possessing a
double uterus, e.g. Marsupialia.

Dimerosomata (8, double; uépos,
part; e@ua, body), an order of
Arachnida.

Dimya (8, double ; pvar,
muscle), bivalve Mollusea with
two adductor muscles.

Di@cious (i, double ; oikos, house),
with distinet sexes.

Dipnoi (81, double ; mwof, breath),
an order of Pisces.

Diptera(8t, double ; wTepov, a wing),
an order of Insecta.

Discophora (Sickus, a quoit ; pépw, 1
bear), a group of Acalephe or
Jelly-fish; also an order of
Annelida,

Echinococei (éxivos, a hedgehog ;
kbkios, a berry), Hydatids ; the
larval form of Tapeworms.

Echinodermata(éxivos,ahedgehog;
dépua, skin),Sea Urchins, a class
of Annuloida,

Echinoidea (&xivos, hedgehog;
eldos, form), an order of Echi-
nodermata.

Echinorhyncus (éxivos, hedgehog,
pUyxos, snout), a genus of Acan-
thocephala.

Eetoeyst (éwrds, outside; wioris,
bladder), the outer coat of a
Polvzoon
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Ectoderm (érrds, and &épua), the
outer covering of Celenterata.
Ectosare (éxros, odpé, flesh), the
outer substance of some Rhizo-

poda.

Edriopkthalmata (édpaios, sessile:
oplaruds, an eye) sessile-eyed
Crustacea.,

Elasmobranchia (Ehacua, a thin
plate; Bpayxia, gills), an order
of Pisces.

Elytrum (&Avrpov, a sheath), the
chitinous anterior wings of
Coleoptera.

Embryo (év, within; Bplw, I swell),
the earliest period at which
the young of any animal 1is
recognisable.

Endopodite (&8ov, within; wovs,
a foot), the inmer of the two

second: segments of the
limb of a Crustacean.

Entomophaga (&vropa, inseets;
gayew, to eat), a group of
Marsupialia.

Entomostraca (&vropa, insects ;
dorparor, a shell), a division
of Crustacea.

Epencephalon (éri,upon; éyxépaios,
brain), the hinder part of the
brain, which in man covers over
the cerebellum.

Epimera (émi, wupon ; uipoy,
thigh), lateral pieces of the
dorsal arc of the somites of
Crustacean.

Epiotic (éni, upon ; ods, the ear),
the upper bone of the auditory
capsule.

Epipodite (émt, upon, wovs, foot),
an appendage of the basal joint
of the limbs of Crustacea.

Errantie (erro, 1 wander), an

v order of Annelida.

Burypterida (ebpbs, broad; wrepdy
a wing), an extinet group of
Crustacea.

Exopodite (éx, outside; mols, a
foot), the outer of the two
secondary joints of the somite
of a Crustacean,

Fissirostres (findo, I cleave ; ros-

GLOSSARY.

trum, beak),a group of Perch-
mg Birds.

Flagellum (a whip), the append-
age of Pilidium and other
Protozoa,

Foramanifera (foramen, a hole;
Jero, 1 bear), a division of
Protozoa possessing minute
perforated shells.

Fuyrculum (a little fork), the
merrythought or elavicles of
birds.

Gallinacei ( gallina, a fowl), the
order of Rasores.

Ganoid (7ydvos, brightness), ap-
plied to certain fish scales.

Gasteropoda (yaorfp, stomach ;
mous, foot), a class of Mollusea.

Gephyrea (yépupa, a bridge), a
group of Annelida.

Genocalyr  (yovds, offspring ;-
kaAvf, a cup), the swimming
bells of Acalephse,

Gonophore (yovds, and ¢épw, I
bear), the generative buds of
Hydrozoa.

Grmﬁmmms (gralle, stilts), Wa-
ding Birds.

Gmpmh-dm (ypipw, I -write;
Aifos, a stone), an extinet di-
vision of Hydrozoa.

Gymnolemata  (yvpvés, naked ;
Aayaos, the throat), an order of
Polyzoa.

Gymaophiona  (yvuvés, naked ;
ogus, snake), an order of Am-
phibia.

Hematoerya (alpa, blood; xplos,
cold), the cold-blooded Verte-
brates.

Hematotherma (alua, blood ; 0épuos,
warm), the warm-blooded Verte-
brates.

Halteres (aAtiipes, from &AAopat,
to leap), the representatives of
the posterior wings of dipte-
rous insects.

Helminthie (€apws, a worm), the
intestinal worms.

Hemimetabolic (&, half; perd-
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BoAn, change), applied to in-
sects that only pass through a
partial metamarphﬂsis.
Hemiptera (éuwe, half ;  wrepdy,
wing), an order of Tnsecta.
Heterocercal  (€tepos,  diverse;
kepids, tail), the tail of fishes
when the lobes are unequal.
Heterophagi  ( €repos, diverse ;
¢pdyer, to eat), birds whose
young are born in a helpless
state.
Heteropoda  ( érepos,  diverse;
wous, foot), an order of Mol-
lusca.

Holometabolic  (8hes, whole ;
perdBorn, change), insects
whose metamorphosis is com-
plete.

Homocercal (dpds, like ; keprds,
tail), term used to desecribe
the tails of fish whose lobes
are equal.

Homology (duohoyla, agreement),
applied .to parts which are
morphologically or structurally
alike.

Hydrecium (bdpa, a water-dragon ;
olkos, house), the hollow part
of the ewenosare into which
some of the Calycophoride,
can be retracted.

Hydride, (U8pa, a water-dragon),
an order of Hydrozoa.

Hydrosoma (Udpa, water-dragon ;
cwua, body), the entire organism
of any Hydrozoon,

Lydrozoa (U8pa ; and (dov, a crea-
ture), a class of Ceelenterata.
Hymenoptera (dpfv, a membrane;
wTepdr, a wing), an order of In-

secta.

Hyoid (T-, €ldos, form), the bone
which supports the tongue.

Hyrax ( Upef, a shrew, or weasel),
one of the Perissodactyla.

Iekthyodorulites (ix6ds, a fish;
GopJs, spear; Afds, stone), the
fossil fin spines of Pisces.

‘chthyosaura (ix00s, a fish ; calpa,
lizard), an extinet genus of Rep-
tilia.
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Inoperculata (in, without; oper-
culum, alid), a division of Gas-
teropoda.

Insessores (insedeo, I sit upon), an
order of Aves—the Perching-
Birds.

Tsopoda (Yros, equal ; webs, a foot),
an order of Crustacea.

Labium (lip), applied to the lower
lip of Annulosa.

Labrum (lip), applied to the upper
lip of Annulosa.

Labyrinthodontia (AaBupivfos, a
labyrinth; édovs, a tooth), an
extinet order of Amphibia.

Lemodipoda (haipds, throat; &,
double ; mwobs, a foot), an order
of Crustacea,

Lamellibranchiata (lamella, a thin
plate ; Bpdyxua, gills), the bi-
valve Mollusca.

Lamellirostres (lamella; rostrum,
a beak), the group of flat-billed
Natatores.

Larva (a mask), the grub or cater-
pillar, the first step of the in-
sect on emerging from the egg.

Lepidoptera (Aewis, a seale ; wrepdy,
a wing), an order of Insecta.

Leptocardia (Aewrés, slender : car-
dia, heart), an order of Pisces,
often called Pharyngobranchii.

Lepidosiren (Aewis, a scale; cepiy,
a mermaid), the Mud Fish.

Lithocysts (A0és, a stone; kioTis,
a cyst), the sense organs (au-
ditory ?) of certain Jelly-fish.

Longipennata (longus, long ; penna,
wing), a group of Natatores.

Longirosires (longus, long; ros-
trum, beak), a group of Gralla-
tores.

hophore Adéos, a crest; ¢épe,
I bear), the oral dise of Poly-
zoa on which the tentacles are
borne.

Lophyropoda (Aogpolpos, having
stiff hairs; wous, a foot), an
order of Crustacea.

Lotica (a breast-plate), the pro-
tective case of certain Infusoria.

Lucernarida (lucerna, a lamp), an
order of Hydrozoa.
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Macrodactyli (uaxpds, long; Sdk-
TvAos, finger), a group of Gralla-
tores,

Macrura (paxpds, long; obpd, a
tail), a genus of Decapod Crus-
taceans. £

Malacostraca (mnaAaxds, soft; bo-
Tpaxoy, shell), the soft-shelled
Crustacea.

Mallophaga (pairds, a fleece;
¢dyew, to eat), an order of In-
secta.

Mandible (mandibulum, a jaw ; fr,
mando, I chew), the upper jaw
of Insecta; the lower jaw of
Vertebrata.

Marsipobranchii (pdpaimos ; Bpdy-
xwa, gills), an order of Pisces.
Marsupialia (pdpoires, a pouch),

an order of Mammalia.

Mazillipedes (maxilla, jaw ; pes,
foot), the foot Jaws of Annulosa.

Merostomata (unpds, thigh ; erdua,
mouth), an order of Crustacea.

Mesencephalon (uéoos, middle ;
éyképaros, brain), the middle
part of the brain, applied to
the third pair of cerebral lobes,
homologues of the optic lobes
of man.

Monads (pdves, unity), miecro-
scopic organisms.

Monodelphia (pdvos, single; GeA-
¢vs, womb), a division of Ver-
tebrata.

Monecius (udvos, single; olkos,
house), applied to animals in
whom the two sexes are united
in one individual,

Monomyary (udves, single; pvaw,
musecle), bivalve Molluseca
whose shells have one adduetor
musecle.

Monophydont (uévoes, single ; ¢iaw,
I generate; 6dovs, a tooth),
Mammals in whom only one
(milk) set of teeth is developed.

Monotremata (udvos, single ; Tpijua,
fr. TiTpaivw, 1 pierce), an order
of Mammalia, having a cloaca
ecommon to the urinary and
generative organs,

Myriapoda (puplos, numerous;
mwous, foot), a class of Annulosa.

GLOSSARY.

Natatores (nare, to swim), an order
of Aves,

Nectocalyx (vnierds, fr. viixw, I
swim ; kdAv, a cup), the swim-
ming-bell of Jelly-fish.

Nematelmia (vijpa, thread ; Expws
worm), a division of Scolecida.

Nematocysts vijua, thread ; kboris,
a sac), the *thread cells’ of
Ceelenterata,

Nematoidea (vipe, thread ; eldos,
form), an order of Scolecida.
Nemertida(Nnueprfs,proper name),

a group of Turbellaria.

Neuropodiuwin (vevpor, cord ; wois,
foot), the *ventral oar’ of An-
nelida. ‘

Neuroptera (vevpov, cord ; wrepdy,
wing), an order of Insecta.

Notobranchiata (véTov, back;
Bpdayxia, gills), a division of
Annelida.

Notochord (v@rov, back; xopd4,
string), or chorda dorsalis, a
cellular embryonic eylinder
placed immediately beneath the
primitive groove of Vertebrata,
and generally replaced by the
spinal column,

Notopodium (varov, back; wobs,
foot), the *dorsal oar’ of An-
nelida.

Nudibranchiata (nudus, naked;
Bpdyxie, gills), an order of Gas-
teropoda.

Octopoda (oxTd, eight; wovs, foot),
a group of Cephalopoda.

Odontoceti (68ovs, tooth; kijTos,
whale), the toothed whales.

Odontophore (68obs. tooth ; ¢épw,
I bear), the tongue of certain
Mollusca.

Oligocheta (oAlyos, few; xalry,
hair), an order of Annelida.
Ophidia (O¢s, a snake), an order

of Reptilia.

Ophiomorpha (U¢is, a snake; udp-
¢n, shape), an order of Am-
phibia. )

Ophiura (8¢us, snake; obpd, tail),
an order of Echinodermata.

Opisthotic (miofev, behind ; obs,
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the ear), the posterior part of
the bony capsule of the ear.

Opisthocelous (UmoBer, behind ;
koidos, hollow), vertebra with
bodies which are concave be-
hind.

Ornithodelphia (Opws, a bird ;
Seagvs, womb), a division of
Mammalia.

Orthoptera(opfds, straight ; wrepdy,
wing), an order of Insecta,

Ostracoda (SoTparov, a shell), an
order of Crustacea.

Otoliths (obs, ear; Alfos, a stone),
little caleareous particles found
in the ear,

Ozxyuris (okvs, sharp; oupd, tail),
one of the Threadworms,

Pachydermata  (waxds, thick ;
deppa, skin), an order of Mam-
malia now called Perissodac-
tyla.

Palliobranchiata (palliwm, mantle;
Bpdyxua, gills), or Brachiopoda,
an order of Molluscoida.

Palpi (palpo, 1 touch), processes
developed from the oral appen-
dages of certain Annulosa.

Parapodia (wapd, besides; mois,
foot), the ‘foot tubercles’ of
Annelida,

Parthenogenesis (rapBévos, virgin ;
yéveois, generation), term used
to indicate the reproduction of
animals from virgin females
by ova without the intervention
of a male; otherwise called
¢ asexual reproduction.’

Patagivm (the border of a dress),
the ¢ wing’ of Bats, &e.

Perennibranchiata (perennis, per-

. petual ; PBpayxa, gills), an
order of Amphibia,

Pedicellarie ( pedicellus, a louse),
little forceps-like appendages
found on the surface of certain
Echinodermata.

Pedipalpi (pes, foot; palpo, 1
touch), an order of Arachnida.
Perissodactyle (weproads, odd ;

daxtuAoes, finger), an order of
Mammalia,
Peristome (wepl, about; ordua,
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mouth), the space - between
mouth and ecalyx. In Actinozoa,
the lip of a univalve shell.

Pharyngobranchii (¢dpvyt, pha-
rynx; Bpdyxia, gills), an order
-of Fisces.

Phragmacone (¢ppaypa, fragment ;
Kkévos, a cone), part of the shell
of a Belemnite.

Fhylactol@mata (puhaxtds, guard-
ed ; Aaiuds, throat), a division
of Polyzoa.

Phyliopoda (¢dArov, a leaf; wois,
a foot), an order of Crustacea.
Phylun  (pvAdoy, a leaf, some-
times a tree), a term used by
Haeckel to signify the genea-

logical tree of animals.

Physophoride (¢voa, bellows ;
¢épw, I bear), a family of Hy-
drozoa.

Phytophagous (¢urov, a plant;
¢ayew, to eat), herbivorous ani-
mals,

Pinnigrada (pinna, a feather ;
gradior, I walk), a group of
Carnivora.

Placenta (a cake), the ¢ after-birth’
of Mammalia.

Plagiostomi (mAdryios, transverse ;
orépe, mouth), an order of
Pisces.

Planarida (wAdvn, wandering), a
division of Turbellaria.

Planula (planus, plane), the em-
bryo of Hydrozoa.

Platyelmia (mwAdtvus, broad; é€A-
piwvs, worm), a division of Sco-
lecida.

Pluteus (a penthouse), the larval
form of Echinoidea.

Preumatocyst (wvelua, air ; kioTis,
sac), the float of certain Hy-
drozoa.

Plesiosaurus (mAnolos, near; caipa,
a lizard), an extinet order of
Reptilia.

Podophthalmia (wous, foot ; opfan-
;.ulf, eye), an order of Crus-
tacea.

Podosomata (wovs, foot; odua,
body), an order of Arachmda,
Polycystina (woAvs, many ; koTis,

sac), an order of Protozoa.
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Polype (words, many ; movs, foot),
e separate zodids of the Cee-
lenterata,

Polyzoa (woAds, many; (&ov, a
creature), a class of Mollus-
coida.

Pressirostres (pressus, compressed ;
rostrum, beak), a division of
Grallatores.

Procelous (mwpd, before; wolhos,
hollow), a vertebra whose body
is econcave anteriorly.

Proglottis (mpoyAwrris, the tip of
the tongue), the generative seg-
ment or joint of a Tapeworm.

Presencephalon  (wpds,  before;
éyxéparos, brain), the front
part of the brain, applied to
the second pair of cerebral lobes,
homologues of the corpora stri-
ata of Man,

Prosobranchiata (mpdoov, in ad-
vance of ; Bpayxwe, gills), a
division of Gasteropoda.

Protoplasm (mwpéros, first; mAdoow,
I mould), the albuminous sar-
eode which forms the base of
all animal tissues.

Protopodite (wpiros, first; mois,
foot), the basal segment of the
limbs of a Crustacean.

Protozoa (mwparoes, first ; {@or, ani-
mal), the first of the animal
subkingdoms.

Pseudohaemal (Yevdns, false; alua,
blood), the vascular system of
Annelida,

Pteropoda (wrepdy, a wing; wols,
foot), a elass of Mollusea.

Pterosauria (wrepdyv, wing ; cavpa,
lizard), an extinet order of
Reptilia.

Pycnogonida (wvkvds, thick ; ydwy,
knee), an order of Arachnida,

Raptores (rapto, I plunder), an
order of Aves.

Rasores (rado, I scrateh), an order
of Aves. ,

Ratite (rates, a raft), one of the
three chief divisions of Aves—
or birds with unkeeled sterna.

Rhinencephalon (plv, the nose ;

GLOSSARY.

éyrépados, brain), the anterior
or olfactory lobes of the brain,
which supply the nasal organs.

Rhizopoda (pica, root ; wobs, foot),
an order of Protozoa.

Rodentia (rodo, I gnaw), an order
of Mammalia.

Rugosa (rugosus, wrinkled),
extinet order of Corals.

Ruminantia (ruminor, 1 chew
the cud), the cloven-hoofed
quadrupeds.

Sarcode (oapk, flesh; eldos, form),
the albuminous basis of animal
tissues, a term convertible with
protoplasm,

Scansores (scando, 1 climb), an
order of Aves.

Seaphognathite (oragpds, a boat;
yvdfos, jaw), an appendage to
the mouth of Crustacea, which
serves to bale out the water
from the branchial chamber.

Seolecida (oxdAnt, a worm),
class of Annuloida.

Selachia (oehdxos, a Shark), the
family of Sharks.

Setigerous (sefe, bristles; gero, 1
earry), the locomotive organ of
Annelida.

Sertularida (sertum, a wreath), an
order of Hydrozoa.

Siphonostomata (clpwv, syphon;
oerdue, mouth), a division of
(Gasteropoda.

Sirenia (oewpnr, a mermaid), an
order of Mammalia.

Solidungula (solidus, solid; wun-
gula, hoof), the group of Hoofed
Quadrupeds.

Steganophthalmata (oreyavids, co-
vered; o¢baruds, eye), the
hidden-eyed Medusz.

Stomapoda (oréua, mouth; wobs,
foot), an order of Crustacea.

Strepsiptera (oTpédus, a twist;
wrepdy, wing), an order of
Insecta.

Strepsirkina (oTpédus, a twist;
ptv, the nose), a group of
Monkeys

Strobila (oTpdBiros, a fir cone),
the entire adult Tapeworm,
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Synapticule (ovwdrrw, I fasten
together), the cross bars found
in Corallidze.

Teniada (tenia, atape), the Tape-
WOrms,

Tectibranchiata (tectus, covered;
Bpayxwe, gills), a division of
Gasteropoda.

Teleostei (Téheos, perfect; doTeow,
bone), an order of Pisces.

Telson (Téloov, the end), the last
segment of Crustacea.

Tenuirostres (tenuis, slender; ros-
trumn, beak), a group of Inses-
gores.

Terricola (terra, earth; eolo, I in-

habit), the Earthworms.

Tetrabranchiata  (Térpa, four;
Bpdyxia, gills), an order of
Cephalopoda.

Thalassicollida  (6ahdoaa, sea;

kdAAa, glue), a group of Pro-
tozoa.

Thecosomata, (6fkn, a sheath;
eéua, body), a division of
Pteropoda.

Thysanura (Bdcavos, tassel ; olpd,
tail), an order of Insecta.

Trematoda (Tpiue, a hole), an
order of Scolecida,

Trichkocysts (0piE, hair; xioris,

: sac?fyp{aculiar cells found in
some Infusoria.

Trichina (Tpixwos, adj. of 6plE),
one of the Nematoid worms.
Trichocephalus (Bpif, hair; xe-
¢arn, head), one of the Ne-

matoid worms,

Trickoptera (0ptE, hair; wrepdy,
wing), an order of Insecta.
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Trochal disk (Tpoxds, a wheel),
the oral surface of Rotifera.
Trilobita (vpels, three; AoBds, a
lobe), an extinet order of

Crustacea.
Tubicola (tuba, a tube; colo,I in-
habit), an order of Annelida.
Tunicata (tunica, a cloak), a class
of Molluscoida, now called Asci-
dioida.

Turbellaria (furbo, I disturb), an
order of Scolecida.

Umbo (the boss of a shield), the
back of a bivalve shell.

Urodela (otpa, tail; &jres, vi-
sible), an order of Amphibia.

Vibracula (vilro, 1 shake), pecu-
liar filamentous appendages
found in Polyzoa.

Vibrio (vibwo, I shake) a minute
vegetable organism,

Xiphosura (Elpos, a sword ; odpd,
tail), an order of Crustacea.

Zooid ((@wov, an animal; elBos,
form), the separate organisms
of a compound animal; such as
many of the Ceelenterata,

Zygantrum (Cuydy, a yoke; an-
{rum, a cave), the hollow in
the vertebrze of Ophidia into
which fits the zygosphene.

Zygosphene (Cvydv, a yoke; odi,
a wedge), the conical projection
on the vertebrze of Ophidia,
which fits into the zygantrum.
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— Definition of, 56
— Digestion of, 58
— Gills of, 81
— Metamorphosis of, 61
— Nervous System of, 59
— Orders of, 60 :
— Reproduction of, 59
— Senses of, H9
Ctenophora, 33
Curzores, 184
Cyclobranchiata, 98
Cystoidea, 49
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IBRANCHIATA, 103

Dieynodontia, 170
Digitigrada, 218
Dinosanria, 171
Dipnoi, 155
Diptera, 73
Discophora, 27
Dytiscus marginalis, 76

y ARTHWORM, Gregarine of the, 15

Echinidea, 44

— Families of, 47

Echinodermata, Description of, 43

— Orders of, 44

— Peculiar Organs of, 46

Echinus, Dentary Apparatus of, 45

— Metamorphosis of, 44

Edriophthalmia, 61

Elasmobranchii, 154

Emys, Oviduct of, 233

Eozoon Canadense, 17

Epistylis, 20

Efrantia, 52

Euplectella, 18

Evolution, Theori®of, 5

Eye-spots, 29

ACE, Bones of the, 130
Feathers, 181

Felis Leo, Skeleton of, 193
Fish, Brain of, 250
Fishes, Appendicular S8keleton of, 145
— Circulation in, 158
— Clasgification of, 149
— Diigestion of, 157
— Electric Organs of, 159
— Nervons System of, 158
— Orders of, 149
— Organs of Generation of, 229
— Respiration of, 158
— FBeales of, 147
— Senszes of, 159
— Bkeleton of, 148
— Bkull of, 144
— Vertebral Colnmn of, 143
Flagellata, 20
Foraminifera, 16
Fowl, Skull of a, 178

ANOIDEIL 153
Gasteropoda, 96
— Cirenlation in, 96
— Definition of, 96
— Morphology of, 97
Gephyrea, 55
Geological Strata, Tabular View of, 11
Gordiacea, 41
Gorgonidae, 33
Grallatores, 184
rinida,
Gymnophiona, 162
Gymnosomata, 99

AWE, Fore-limb of, 179
— Hind-limb of, 180
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Helix communis, 87
Hemiptera, 72
Heteropoda, 98
Holometabola, 73
Holothuroidea, 49
Homologies, 12
Horse, Fore-limb of a, 195
— Hind-limb of a, 196
Hydrozoa, 22
— Development of, 28
— Morphology of, 24
— Orders of, 22
— Reproduction of, 25
Hymenoptera, 74

CHTHYOSATURA, 170
Inferobranchiata, 938

Infusoria, Definition of, 19

— Orders of, 19

Inoperculata, 99

Insect, Masticatory Mounth of, 70

Insecta, 67

— Digestive System of, 73

Insectivora, 206

Insects, 71

— (lassification of, 71

— Tracheal Respiration of, 81

Invertebrata, Summary of the Compara-
tive Physiology of, 107

— Tabular View of the Principal Di-
visions of, 121

KERA.TDS.&, 18

ABYRINTHODONTIA, 182

Lacertilia, 167
anelhhranchmtn, 93
— Definition of, 93
— Reproduction of, 985
— Resplration of, 0%
— Bub-divisions of, 95
Lepidoptera, 74
Lion, 8kull of, 194
Lobosa, 16
Lobster, Morphology of, 57
Lophobranehii, 153

ACTRA, 94
Malacopteri, 151

Mallophaga, 72
Mammalia, 192
— Blood Dises of, 225
— Brain of, 250
— Cerebral Glassiﬁcatmn of, 199
~— Circulation in, 224
— Classification nt' 198
— Compound Stomach of, 223
— Definition of, 192
— Exo-skeleton of, 197
— Huxley's Classification of, 201
— Kidneys of, 226
— Nervous System of, 226
— Organs of Generation of, 232
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Mammalia, Pectoral Limb of, 196
— Pelvic Arch of, 197

— Physiology of, 222

— Placental Classification of, 200
— HRespiration of, 225

— Fenses of, 226

— Vertebrae of, 194
Marsipobranchii, 150
Marsupialia, 204

Medusa, Hidden-eyed, 28
— Naked-eyed, 27
Merostomata, 63
Mollusca, 91

— Cireulation of, 105-245
— Definition of, 91

— Digestion of, 104

— Divisions of, 93 |

— Morphology of, 91

— Nervons System of, 105
— Respiration of, 81-105
— Benses of, 106

— Bhells of, 91
Molluscoida, 83

— Circulation in, 90

— Classes of, 83

— Definition of, 83

— Digestion of. D0

— Nervous System of, 90
— Respiration of, 90
Monera, 15

Monkey, Skull of, 219
Monotremata, 203
Musecles, Homologies of, 159
Myriapoda, 65

— Spiracles of, 81

ATATORES, 183
Nematelmia, 40
Nematoda, 41
Nemertida, 40
Neuroptera, 72
Nucleobranchiata, 98
Nudibranchiata, 98

DONTOCETI, 210
Operculata, 99
Ophidia, 169-173
Ophiuroidea, 458
Opisthobranchiata, 98
Orthoptera, 72
Ostracoda, 62

ASSERES, 186
Paunropoda, 66

Pectinibranchiata, 97
Pedipalpi, 79
Perch, Skeleton of a, 143
Perissodactyla, 212
Phallusia mentula, 6-85
Pharyngobranchii, 149
Pinnigrada, 217
Pizces, Definition of, 142
Planarida, 40
Plantigrada, 217
Platyrrhinze, 219
Plectognathi, 153
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Plesiosanras, 170 Spongida, 17
Pleurobrachiadme, 34 — Orders of, 18

Podophthalmia, 60
Podosomita, T8
Polycystina, 16
Polvgastrica, 20
Polypides, 90
Folyzoa, 87

— Avicularia of, 88
— Develepment of, 87
— Families of, 39

— Orders of, 80

— Reproduction of, 89
Primitive Aortic Arches, 245
Proboscidia, 211
Prosobranchiata, 97
Protozoa, 14

— (la=ses of, 14

— Definition of, 14

— Orders of, 14

— Physiology of, 21
Pterocera, 98
Pteropoda, 99
Pterosauria, 170
Pulmo-gasteropoda, 96

QUABRUL[&NA, 218

ADIOTARTA, 17
Raptores, 187
Rasores, 185
 Reptili -, 165
- — Clirenlation in, 173
— Dlefinition of, 165
— Nervons Syetem of, 174
— Orders of. 165
— Organg of Generation of, 229
— Physiology of, 172
— Henal Organs of, 174
— Respiration of, 174
— Henses of, 174
Reticularia, 16
Rhizopoda, 15
Rodentia, 205
Rotalia, 16
Rotifera, 42
Rugosa, 33
Ruminantia, Stomach of, 223

AGITTA BIFUNCTATA, h4
fE:;]pidae, Alternation of Generation
of, 85
Eeansores, 185
Eeolecida, 37
Beorpion, Morphology of, T7
Bentibranchiata, 98
Sepin officinalis, 101
Bertularidae, 26
Shells, Growth of, 52
Eilicea, 18 -
Biphonophora, 26
Sirenin, 208
Spider, Nervous System of, 79

— Reproduction of, 18

— Bupporting Skeleton of, 17
Stentor, 20 -
Stomapoda, 62 '
Strepsiptera, 75

Strepsirrhinze, 219

Snctoria, 20-55

Suidse, 216

T;’EEL‘LTJ;"L. a7
Tectibranchiata, 98
Telecated, 151 .
Terebratula, B
— Dorsal Heart of, 87
Terchratula vitrea, 86
Terricola, 54
Tetrabranchiata, 103
Thalassicollida, 17
Thecosomata, 9%
Thysannra, 72
Tragulids, 214
Trematoda, 39
Trilobita, G4
Trunk, Development of, 141
Tuhicola, 54
Tubularida, 24
Tubalibranchiata, 98
Tonicata, 84
Tuorbellaria, 40
Type, Vertebrata, 126

UHGUL:’LTAT 211
TUrodela, 161

AGINICOLLA, 20
Vertebra, Elements of a, 127

Vertehrata, 124
— Blood of, 125
— Qireulation in, 125-245
— Comparative Phyziology of, 238
— Definition of, 124 ,
— Digestion of, 125-241
— Exeretory Organs of, 258
— Kidneys of, 126
— Mmuszcles of, 188
— Nervous System of, 126-251
— Reprodnetion of, 141-254
— Respiration of, 246
— Balivary Glands of, 239
— Bkeleton of, 126
— Stomach of, 239
Vertebrm, Development of, 140
Vertebrates, Development of, 235
Vorticella, 20
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Zobids, 90
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