Manual of comparative anatomy and physiology / by S. Messenger Bradley.

Contributors

Bradley, S. Messenger 1841-1880.
Pearse, G. Legge.

Publication/Creation
London : J. & A. Churchill, 1875.

Persistent URL
https://wellcomecollection.org/works/tb3a52db

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/




iy

“EDGAR M. CROOKSHANK, Esa. |
SENIOR VICE-PRESIDENT ll

OF THE COLLEGE.

T S [ ]
+
|

il

22101344014

|

|

l

Ml










MANUAL
COMPARATIVE ANATOMY

PHYSIOLOGY

BY

5. MESSENGER BRADLEY, F.R.C.S.

SENIOR ASSISTAXT SURGEON, MANCHESTER ROYAL INFIRMARY

THIRD EDITION

LONDON
J. & A. CHURCHILL, NEW BURLINGTON STREET
1875







PREFACE

T

THE THIRD EDITION.

Tue Third Edition of this work has been carefully revised by
my friend Mr. G. LeEceE PEarse, who has made many im-
portant emendations, and to whom my thanks are very
specially due. T have also gratefully to acknowledge much
valuable aid from Mr. W. SaviLLe KEeNT in revising that
portion which refers to the Invertebrata, and also to thank
Mr. J. Beswick PerriN for sundry corrections and sugges-

tions throughout the work.

Maxcuester : March 187 5.






PREFACE

TO

THE SECOND EDITION.

Tre 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 re-written,
and by considerable additions I have endeavoured to render
it a more eflicient text-book for students.

The Illustrations, drawn by Mr. Searson, curator of the
Manchester School of Medicine, are taken from wvarious
standard works on Comparative Anatomy, including those
of Owen, Cuvier, Lieberkithn, 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

pross.




PREFACE

TO

THE FIRST EDITION.

Tue works on Comparative Anatomy and Physiology are so
numerous, and many of them so splendid, that some apology
seems necessary for the issue of such a sketch as the present
little Manual. It is found in the very perfection of former
treatises on the subject ; a perfection which renders them so
bulky and comprehensive, as almost to preclude students,
who have a multiplicity of other subjects to prepare, from
gaining the particular facts they require, for they naturally
dread fentfare horridas wvias of such large tomes as those of
Rymer Jones or Owen. This difficulty is particularly felt by
gentlemen who are preparing for their second B.A. at the
London University. It is a perfectly well-known fact to
those who come much in contact with men going up for this
examination, that their ¢ béte noir’ is the Animal Physiology
which forms one of the subjects, and it is with the definite
hope of, in some slight measure, smoothing away this diffi-
culty that the following little treatise has been prepared.
The principal merit which it possesses, that of brevity, would
have been rendered impossible if the ordinary processes of
physiology, which form the subject matter of works on
human physiology, had been described; nor is the omission
of such matter to be lamented, as manuals of the greatest
excellence upon this subject are within the reach of every
student.
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MANUAL

OF

COMPARATIVE ANATOMY AND PHYSIOLOGY.

CHAPTER I

NATURE AND CoMposiTIoN oF ANIMAL CELLS—DIFFERENCE BETWEEN
PrawTs AND A¥mmMaLs—SuB-Kiwepowms, Crasses, OrpeErs, FAMILIES,
GENERA, AND SPECIES—INVISIONS oF THE ANIMAL KiNcbDoar.

THE 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, protoplasm, or bioplasm, is generally
present, within which, in all except the very lowest forms, a
small body termed the nucleus is found, which in its turn con-
tains a still minuter body, the nucleolus.

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 Rhizopoda simply con-
sist of semifluid sarcode, which cannot be said to be enclosec
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

1 It may here be added that the between the embryological prote-
microscope discovers no difference plasm of an amwmba, a melluse,
- .B




2 COMPARATIVE ANATOMY.

possessed of some of the most remarkable attributes of animal
life ; thus it is capable by some unknown, and perhaps un-
knowable force, of producing architectural structures (e.g., the
shells of Foraminiferaand 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.g., homogeneous 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
distinet 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 assumes
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 with other similar cells, constitute the histo-
logical elements of the fibrous tissues; others remain as circular
cells with or without periplast, and ('-01151.'-1 tute the cells of the

fish, or of man, yet each inevitably
tends to pmduce its like ; this 1s
due to the atoms of each embryo
possescing the potential morphologi-
cal and ph}smlogl{:al 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
with its law of growth and its

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




VEGETABLE AND ANIMAL CELLS. 3

blood, the chyle, &e. ; 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 vegetable cells are always perfect 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 amperfect, being deficient in a cell wall ; they are
always surrounded by a considerable amount of bla.stema., they
are more or less mutually dependent on each other, and they
derive their nourishment from the organic _worid_glggg._, By
this latter property the two kingdoms supplement each other’s
requirements, and so maintain the natural cycle of life. The
animal dies, and is resolved into the inorganic world, in which
condition it becomes food for the plant ; the plant then re-
converts this pabulum into organic matter, when it re-becomes
meet food for the animal.

The dawn of animal life is, as may be gathered from what
has gone before, indistinct, 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 organic 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 (with the exception of
some fungi which require complex organisms for nourishment)
take in carbonic acid, and, breaking it up into its component
parts, give out the oxygen and retain the carbon. It may be
further said that all animals, including the lowest Protozoa,
take in their food in a solid, thuugh it may be in an infinitely
minute or granular form, WhﬂE plants absorb their pabulum in
a fluid state. This distinction is indeed of high importance, as
affording the only recognisable difference between the two king-
doms in accordance with our present knowledge.

It follows from these facts that, with the exception of the
last named, there is no single circumstance which separates the
two kingdoms. The lowest plants and the lowest animals ap-
proach each other more closely than the highest plants and the

B2




4 COMPARATIVE ANATOMY.

lowest animals, e.g., the position of bactrise and vibriones 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 upon a common
platform, whence it seems uncertain to which kingdom they
will tend. Life, therefore, does not form a eontinuous ladder ;
the two kingdoms diverge at the very 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 wvarieties, with
constantly less important and diminishing lines of demarcation
between the divisions as we descend the list. Placing them
tabularly (—

Sub-Ekingdoms represent the primary divisions of animal king-
doms, each representing an essentially different type of structure.

("lasses 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.

(enera are subdivisions of an order.

Species are groups 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.
Molluseca. Annulosa.
Molluscoida. Annuloida.
Ceelenterata.
Protozoa.

Protozoa is the lowest sub-kingdom, Vertebrata is the high-
est. It is to be observed, however, that we do not reach Verte-
brata by a single line, but that the sub-kingdom Ccelenterata
branches into two streams, each of which conducts us to the top
of the animal ladder.
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THEORY OF EVOLUTION.

CHAPTER IL

TaeorY oF EvoLuTION—SKETCH OF EVOLUTION OF THE ANIMAL
KixgpoMm—PuyLum or THE SUe-KiNGDoMS,

TaE infinite variety of animal forms which exist, and have ex-
isted, 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 dead matter, 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
offspring, 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 consequently
find that use and disuse of parts, sexual selection, the influence
of surroundings of every kind, and other causes, contribute to
give rise to the evolution of new species. It is by no means
necessary to assume that some one simple organism 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 operating,
would frequently meet with many different materials, and so
would give rise to various results in many places, and perhaps
at many times. Anyone who has watched the crystallisation of
some saline solution beneath the electric light, may rationally
figure to himself the simultaneous but multitudinous burst of
life which probably is for ever occurring among the simplest
organisms,



6 COMPARATIVE ANATOMY.

It is perhaps possible to give a sketch of the evolution of
animal forms in a few sentences sufficient to illustrate the
general doctrine.

After the evolution of such simple animals as the Rhizopoda,
the lowest of which we have seen to be mere masses of un-
nucleated 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 loco-
motive organs, the pseudopodia which would no longer be pro-
trudible ; one part of the envelope would then become indented,
to permit of the readier ingress of food, and so the Rhizopod
would evolve the ciliated Infusorium. Through the Infusoria
we reach such simple Ceelenterata as the Hydrse, which give us
a clue to further progress; the sponges, an offshoot from the
Flagellate, indicating the most direct line of evolution. The
animals now reached are cellular in structure, 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 Spongidze, or the com-
pound Actinozoa. 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 ereature as @ might, by budding, evolve

an organism like b.
Fig. 1.

|
1
= Y

DIAGRAM TO ILLUSTRATE THE EVOLUTION OF ASCIDIOIDA.

i Phalluwsioe meniule,
b Perophora—designed to show how a compound Ascidian, growing from & com-

mion stolon, may be evolved from a solitary and simple form.



THEORY OF EVOLUTION. ]

Now, when each of these gemmiparously produced indi-
viduals, still attached to the parent form and to each other,
enjoy equal advantages on every side, the result will be morpho-
logical uniformity in the individual organisms, but when the
individual zoophytes do not possess equal advantages a certain
differentiation will take place. If, for example, the buds, in-
stead of appearing laterally, are produced linearly one behind
another, 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
individuals, become the head and 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 segments which are really imperfectly separated individuals,
gains much force from the circumstance that linear gemmation
does occasionally become complete, each separate segment be-
coming a perfect annelid. The accompanying diagram illustrates
this linear gemmation taking place in
the Syllis, one of the Annelida.

The Annulosge animal is a decided
advance upon the Annelid, but the
same principle of evolution may still
be traced. Embryology affords the
best guide to the naturalist in tracing
genealogies, and morphological com-
parisons of lower with higher members
of this class, showing that they are
composed, like Annelides, of the agore-
gates of imperfectly separated indi-
viduals, zones, or segments, arranged
along a longitudinal axis, now called
‘ somites,” which as we ascend the class
become more and more differentiated
in form and function, until in such
ereatures as the Crab or the Spider
there is little trace left of that  vege- ,
tative repetition ’ which is so manifest “L’.'i;f‘;i:‘,‘;"’ e n.};:{:ﬁ;ﬁ:ﬂ%
in the common Earthworm. B L

Having, however, reached the class :ﬁ;ﬁgmmmmw =
of Insects we can ascend no higher in
the animal scale in this direction ; so to trace the evolution of

Pig. 2.




8 COMPARATIVE ANATOMY.

Mollusca and Vertebrata we must try back again. Reverting
once more to the Ceelenterates we find them merging by fine,
and, indeed, almost imperceptible, degrees into animals some-
times 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
advantageously situated than the opposite, they become asym-
metrical. These Brachiopods conduect us to the large sub-king-
dom of the Mollusea, which cease to exhibit any trace of
vegetative repetition.?

They are never compound, and never multiply gemmipa-
rously or fissiparously, 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 carti-
laginous rod (resembling the notochord of Vertebrates), in the
mode of their development, and in the position of their nervous
system, conduct us to the lowest vertebrate—a fish, called the

' Lancelet, or Amphioxus. This animal may very easily be sup-
posed to be the prototype of all the other vertebrate classes,
although its own organisation is of the simplest character, pos-
sessing neither brain, nor heart, nor true vertebrate column,
and indeed being entitled to rank among the Vertebrates, solely
becanse it possesses the dorsal rod before mentioned, the noto-
chord, or chorda dorsalis, from which the vertebrz in all Ver-
tebrata are primordially developed. Supposing this sketch to
be approximately true, the accompanying table (I.) will illus-
trate the progressive evolution and divarication of the several
sub-kingdoms.

Professor Hiickel has devoted much time, learning, and
talent to the investigation of these lines of descent, and the
Tables II. and III. are adopted from his great work on ¢ Gene-
relle Morphologie.” The first gives an outline, much abbre-
viated 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 explains
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

1 Acecording, however, to Professor ciates the Polyzoa also with the An-
Morse the Embrvological develop- nelida, and considers that the lower
ment of the Brachiopods would ind:- Mollusea (Lamellibranchiata) have
cate their close relationship to the been evolved from the Tunicata.
Annelides. The same authority asso-
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THEORY OF EVOLUTION. 9

contend with is accounting for its incipient stages of useful
structures—an example will serve to define what is meant. Mr,
Mivart, who in his ¢ Genesis of Species ’ has called special atten-
tion to this point, says, ‘ Let us consider the mammary gland,
or breast. Is it conceilvable that the young of any animal was
ever saved from destruction by accidentally sucking a drop of
scarcely nutritious fluid from an accidentally hypertrophied
cutaneous gland of its mother? And even if one was so, what
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. Lockwood,
believes from what hé 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 mam-
mals, almost before they deserved to be thus designated, is it
not at least possible that the young might have been similarly
nourished ?°
This reply can scarcely be considered satisfactory ; to base
an argument involving such vast consequences as the explana-
tion of the origin of the distinetive 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 by milk-secreting
organs, and from that belief to found such a conelusion without
any trace of such organs in the intermediate classes of reptiles
and birds, is not an example of the scientific use of the imagi-
nation. This argument of Darwin’s is moreover rendered abor-
tive by the fact that it is the Male and not the Female Hip-
pocampus within whose pouch the ova are deposited and the
embryos are developed : and if is further discredited by recent
research showing Mr. Lockwood’s supposition to be incor-
rect. 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 ereations. Let
it not be supposed that the mystery is removed from any living
l being by knowing that it conforms to laws which have been
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from the beginning, and that it perchance even owes its exist-
ence 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 realisation 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 Spermatozoon, and what-
ever your theory of their origin may be, ask yourselves how
much evolution and science have hitherto done towards explain-
ing the nature of that wondrous life you see. We see the
structureless protoplasmic mass of a Rhizopod digest nutriment
as perfectly as we ourselves can ; and after a time, the life being
gone, we note that these processes are arrested ; do any number
of such terms as osinosis, dialysis, catalysis, and so forth,
advance our knowledge of the process by which this is effected ?
Science has won sufficient victories from ignorance and super-
stition 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 merely to regard its bodily 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 its true place in
Nature, e.q., morphologically, Man must be included in the
same order as the Simiadw ; physiologically, he must be ranked
in the family of the Catarrhins ; while psychologically he
merits a sub-kingdom to himself.
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CHAPTER III.

EVIDENCE AFFORDED EY GEOLOGY—TABULAR VIEW OF THE (EOLOGI-
CAL STRATA WwWIiTH IMBEDDED Fossits—Mopes oF BREPRODUCTION
AMONG Ax1MALS—HoMOLOGIES AND ANALOGIES—CORRELATIONS.

So far as it goes, the testimony of the rocks is corroborative of
the doctrine of evolution, and as the science of geology pro-
gresses it becomes ever more and more so. There are, never-
theless, 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 hittle portion of the earth’s crust
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
Post TErRTIARY Living Animals and Man.
/ ; Fish, Amphibia, Reptilia, Aves, Mam-
Priocexs ‘j mals, m;.?ny n‘:xtinctpﬁu'ms. :
Most mammalian orders represented.
Mir i (Dinotherium, Mastodon, Marsupi-
KAINOZOIC 8 * *| alia.) Birds, Reptiles, Fish, Mollusca,
OR Annulosa, Protozoa.
TERTIARY ( Mammalia (Cheiroptera, Insectivora, Car-
nivora, rtiodactyla, Perissodactyla,
Eocexe . .1 Anchitherium), Mollusea (Oliva), In-
secta ( Butterflies), Foraminifera (Num-
\ . mulites), Birds, Reptiles, Fish.
. [ Belemnites, Ammonites, Gasteropods, Rep-
tiles (Iguanodon), Crinoids, Mammals
(Paleotherium), Pisces, (Squalacei),
Saunrure,

CRETACEOUS .+

Birds (Archeopteryx), Encrinites, Fchi-
nodermata, h]!Etilis-., (Ichthyosaurus,

| Liassic  or {
- x 3 3
MES0ZOIC JURASSIC zul:;msaunm, egalosaurus, Dinosau-
s Birds, Encrinites, Earliest Mammal (Mo-
SECONDAEY Triassic . .{ notremus), Gasteropoda, Reptilia, Laby-
rynthodon.
PErmiax
(New Red {Rﬂpt.ilas and Fish (Squatina).
Sandstone) .
Canrpoxi- | Earliest Saurians (Archigosaurus), Pisces

| FEroUs . .| (Selachii).
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Periods Strata Ezamples of Animal Remains
DUVONIAN  (Fish (Ganoids), Corals, Cephalopods
ndstone) . (Ammonites), Trilobites.

et : : s
PALJEIJZDICJ Anatatiaa { I lEiTzﬁs Fish, Brachiopods, Trilobites,
» e Protozoa, Brachiopoda, Crustacea (e.g.

PRIMARY |CAMBRIAN . -{ Trilobites)

The Eozoon Canadense, a giant Forami-
LAURENTIAN { nifer, the only fossil and the oldest

fos=il.

Reproduetion.—One of the most essential characteristics of
animals i1s that they reproduce their like—the processes, how-
ever, by which this is accomplished are various. DMost 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
prinecipal modes in which reproduction is effected :—

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

II. Non SBexual or Agamogenetic.
1. By gemmation or budding—e.q., the Hydrse and
Spongidze.

2. By fission—e.g., some Annelides.

3. Internal Gemmation.—By the formation of gemma
or buds within the investing sac—e.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 Tunicata,

b. Parthenogenesis.—The process by which unimpreg-
nated eggs give rise to living animals which go on pro-
ducing similar animals, until finally they become sexual
and produce offspring sexually, e.g., certain forms of
Moths and Silkworms. The peculiar process in Aphides
is an instance of alternation of generations.

Homologies.—This term will occur so frequently in the fol-
lowing treatise that it is necessary to define its meaning. Parts
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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 olher ; one vertebra is
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 strue-
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 ; tom
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
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.g. 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 vertebrse 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 corre-
lations, e.g., as the cloven foot and deciduous frontal horns are
of this character.
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CHAPTER IV,

Sve-Kixanosm : Pro1ozoA—CLAssES : GREGARINIDA, RH1ZOPODA,
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 alimenfary 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 * psendopodia,’
which are protrusions of the body sarcode ; by flagelle, which
are whip-like bristles; by cilia, which are only present in
the higher forms ; or by contractions of the body-walls them-
selves. feelird {vetiefiasimont.

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

They contain the following Classes and Orders :

ASTOMATA. STOMATA,
(Class I. Gregarinida. Class IV. Infusoria.
(Mlass 11, Rhizopoda. Orders. Cilata.
Orders. Monera. Suctoria.
Lobosa or Amaeeba. Flagellata.
Reticularia or Fora-
minifera.
Radiolaria.

Class ITI. Spongida,

Orders. Keratosa.
Silicea.
Calcarea.
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© (lass I. GREGARINIDA (gregarius ; grex, « flock) comprise
the simplest of all animal forms. They are parasitic, and as a rule
microscopie, 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 navicellze, which, finding their
proper habitat, develop into adult Gregarinida. The Gre-
garinida move by the alternate elongation and contraction of

Fig. 3.

GREGAINE OF THE EARTHWOIIM,

a, Adult Gregarina i b, the same encysted ; ¢, contents divided into pseudonaviesllne ;
o, free psendonavicella ; e, free ammbiform contents of the pgendonavicella,

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

The simplest of these amorphous forms, the Profogenes, 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 nuvtriment and converting it into
its own substance.

Psorospermie are parasitic Protozoa, infesting the intestines
of fishes, and form another group of Gregarinida.

Class II. RHIZOPODA (pilu, a root ; wuig 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 pseundopodia project.

Order 1. Momera (porvac, 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. mobosa, often called Ameba 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
‘ ectosare,” which furnishes the
pseudopodia, and an inner coat,
the ¢ endosare,” which containg 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’; in others
there may be no test, and the
pseudopodia may be protrudible
anywhere, e.g. Amceba. Repro-
: _ ; duction takes place by, 1stly, fis-
AI;ﬁ;}*ﬁﬁfﬁiéﬂ?ﬁ&ﬁn‘g’f;‘ﬂifﬁ sion ; 2ndly, external gepmmti»:m;

gling () minute prey (enlarged).  3rdly, internal gemmation ; and

4thly, it is said, by the congress

of sperm and germ cells, the ova being contained in the nucleus,
and the spermatic elements in the nucleolus.

Order 3. Reticularia, vel Foraminifera, are marine Pro-
tozoa living principally at the surface of the sea, their dead
shells sinking and acenmnulating in the bed of the ocean, some-
times three miles from the surface. It is a very numerous order,
50 numerous, indeed, that though the individuals are generally
microscopic, their aggregates form vast tracts of sand and chalk
in many parts of the world. A Foraminifer is a little mass of
memnucleated protoplasm, 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 Perforata and Imperforata, according as the
shell is or is not perforated for the passage of the pseudopodia:
or, according to another system, whether the shell is perforated
by a simple (Lugena) or many apertures (Globigerina) for the
passage of the pseudopodia : the terms Monothalamous and
Polythalamous best indicating this distinctive feature.

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

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, construet 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 Eozoon 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
Protozoa, which only differ from Reticularia in the fact that
their shell is always siliceous ; they contain the following
families :—*

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

2. Polycysting 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 siliceons spicules, which float upon
the surface of the sea, much as Bathybius floats at the bottom.
Not unfrequently the Thalassicollida form colonies.

(lass III. SPONGIDA constitute a large and important class
of Pretozoa.

What we familiarly call a sponge is, in fact, the skeleton

1 Coceoliths, according to the re- seem to be the food of Bathybius.
cent researches of Dr. %a.rt.er, are ? Some few, such as Aetinophrys,
unicellular vegetables, allied to the have no shell or spicular armature
Millipores, and would, in sach case, whatever,

C
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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 sea water passes in through the small
apertures or ‘pores,”’ and 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 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 fresh-water sponge, -Spongilla, by way of
illustration. The deeper parts of this sponge develop gemmules,
which are composed of an outer and an inner wall with cells,
called amphidises, 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. 1In 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,
and frequently supplemented by small siliceous spicules; in
this order are the sponges of commerce, which derive their value
from the fine texture of their horny hairs, and their entire
absence of siliceous spicula.

2. silicea. The skeleton is formed of flint-like spicules,
which are sometimes woven or fused together. In this order is
found the exquisite Ewuplectella, which forms a hollow lace-like
skeleton, in the shape of a cornucopia : this is imbedded at its
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lowest extremity in the oozy bed of the seas the sponge fre-
quents, and there held in its place by the peculiar anchorate
spicula, with which this extremity is furnished.

3. calcarea. In these the skeleton is composed of carbonate
of lime, e.g. 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
1s of great antiquity, being frequently found in the Palsozoic
strata, and forming great masses of fossil rocks in the Mesozoic
period.

c2
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CHAPTER V.

Inrvsoria—PrYs10L0aY oF PROTOZOA.

Class IV. INFUSORIA form the other great division of
Protozoa 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 or-
ganised of all the Protozoa, and
are sometimes elevated to the
position of a distinet sub-king-
dom.

The body is unsymmetrical, as
a rule ; but the sarcode is always
surrounded by a firm envelope.
The sarcode always contains a
nucleus and nucleolus. The oral
aperture is usually fringed with
cilia, which move automatically,
and act as respiratory and di-
gestive agents. The contractile
vesicles are numerous, and re-
gularly arranged. None of these
develop Pseudopodia. Three

. : An Infusoriom | Paramacium bur-
u;qem are genferall]r recognised : . sarit) highly magnified. @. Nuclens
Ciliata, Suctoria, and Flagellata. Eﬁ{?g- b b. IL ﬂ;lgﬂlli: ¢c. Con-

; ile epaces. . Learger cavi-
numerous order of 1 gullet of some Infozoria, congtitute
s er of Infusoria, the so-called stomachs,

comprising all the ciliated speci-

mens : many 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 of circulation of granules in the interior, and so remind one




INFUSORIA. 21

of a vascular apparatus. Besides these vesicles, the gullet, so
to speak, constantly throws out little processes, which look like
stomachs, and so give rise to the old term of Polygastrica. Re-
production is either by fission, or sexually, by the union of
spermatozoa developed from the nucleolus, and of ova the pro-
duct of the nucleus.

Vorticella is a fixed and stalked fresh-water Infusorium,
abundant on the surface of aguatic plants. A single animalcule
looks like a minute campanula ; the bell-like calyx being sup-
ported 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.
Reproduetion, (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 differs only from Vorticella in its stem being much
branched, and non-contractile. It occurs on the stems of
aquatic 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 is 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.

Vaginicola possesses a horny cuticular case—the carapace, or
“ lorica,” within which the animal can retire.’

Order 2. Suectoria consist of Infusoria possessing filaments
which end in suctorial discs, which are prehensile organs, capable
of protrusion and retraction. Acinefa is a member of this order,
but the fact that no mouth is discoverable makes 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 flagells, which may be single, double,
or multiple. The Noctiluca is the best known member of this
order. It isa minute organism, but so vast in numbers that it
is the chief source of the phosphorescence of the sea. To the
naked eye, and even to the microscope, there is no surpassing
beauty in them ; all that is seen is a simple sac with numerous

1 Some of the lower forms (prin- cells are the thread cells, or *tri-
cipally Flagellate) possess a bright choceysts,” and are probably endowed
red pigment spot; and in Parame- with some urticating property by the
ciwm certain curious cells, with exercise of which the Infusoria are
thread-like appendages, protrudible able fo paralyse their prey.
at will, bave been observed, These
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vacuoles, some granular matter, an oral aperture, and a tail ;
but at night these little 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 not well
understood ; it may be due to the oxidation of phosphorised
fat, or it may be produced by the same causes which give rise
to the Will o’ the Wisp, which is now supposed to be produced
by the formation of spontaneously inflammable phosphuretted

hydrogen, generated by the decomposition of hypophosphite of
caleium,

Paysioroaical Processes oF ProTozoa.

From what has gone before, it is manifest that the sole func-
tion, besides locomotion and the power of reproduction, which
the Protozoa possess, is that of digestion. The food, which
often consists of a tinier organism than the diner, is absorbed
into the general sarcodous mass ; the digestible parts are ab-
sorbed, while the indigestible may be rejected through any
part of the envelope that happens to be in propinquity with the
morsel, though in a few there is a distinet aperture for the
passage of excrementitious matters.
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CHAPTER VI,

Sur-KixepoMm: CELENTERATA—CLASS : HyDROZOA.

CELENTERATA (xoihoc, hollow ; fvrepov, intestine) com-
prise Polypes, Corals, Jelly fish, and Zoophytes.

Definition.—Aquatic animals, frequently resembling flowers
in their general 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
opening 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 distinet 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.

(lass I. HybpROZOA.
1. Hydridee
Order 1. Hydroida . { 2. Corynids=
3. Sertularidse
4, Calycophoridze

,» 2. Syphonophora {5‘ Physophoridee

L Dr. P. Martin Duncan’s recent weloped nervous system than has yet
researches indicate that the Acti- been attributed to any Ceelenterates,
mozoa possess a more highly de-
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Class II. ACTINOZOA.

Order 1. Zoantharia
ys 2. Alecyonaria
sy 9. Rugosa
,s 4. Ctenophora

Class 1. HYDROZOA. Order 1. Hydroida. Marine and
fresh-water Hydrozoa, whose alimentary region, called ‘ poly-
pite,” is provided with a dise, the * hydrorhiza,” and whose mouth
15 surrounded by prehensile tentacles. The disc is generally
attached to some foreign object ; the body sarcode itself is
termed ‘ hydrosoma.” Some of the Hydroida are free, but the
greater number unite to. form colonies. This large order com-
prises the fresh-water Hydride, most Meduse or jelly fish, the
Sertularians, and Corynids.

Hydra (comprising Hydra viridis and Hydra fusca) is the
only genus of the Hydridae ; they are minute creatures, about a
quarter of an inch in length, which are found attached by a disc
to the under surface of aguatic plants, while their long tentacles
float downwards in the water in search of prey. The attached
end, or hydrorhiza, is the ‘proximal,’ the other free end is
the ‘distal’ extremity, and is furnished with a tentaculated
mouth ; each of the tentacles is hollow, and 1s 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
circnmstance that if one be divided into a dozen segments, each
segment becomes a perfect Hydra. The Hydra never, however,
form colonies. If turned inside out, as has been done, the
Hydrae 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 ecfodern, 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.

Corynidee, 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
structure, and are variously developed from the sides of the
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hody cavity, from the coenosarc, 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 ccenosarc, 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 Corynide 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
of generations. The generative buds of a Corynid may exist in

Figl [:l

MopPHOLOGY 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 gemmee budding
out from the body wall. 3. Hydra viridis, with attached bud. 4. Greatly mag-
nified thread-cell of the same animal, & ¢. Spermatozoic receptacles. b, Ovum.

various forms : 1st, as simple closed sacs, processes of ectoderm
and endoderm, which sacs contain ova and spermatozoa ; 2nd,
as sacs with the same contents as the former, but also provided
with a hollow hammenr-like process, which hangs vertically from
the roof like the clapper of a bell, and called the manubrium
(fig. 7)—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 radiating,
called gonocalycine canals, which surround the walls and 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
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of all ; each is, in fact, an embryotic Corynid, it becomes ciliated,
develops a mouth and tentacles, and swims freely about. This
minute animal, called a Planula, measuring #-inch in diameter,
grows rapidly ; its rays become short and disappear, while its
oral tentacles and nemafo-cysts, or thread-cells, make their
appearance. 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
nothing but an intermediate stage of a Corynid Hydrozoon.

Fig. 7.

RernonUCcTIVE PROCESSES OF HYDROZOA.

1. Bporosac, 2, Disgnised Meduseid. 2. Attached medunsiform gonophore,
4. Free mednsiform gonophore. The manubrinm and gonoealycine
canals are white, the ovaria and spermaria are coloured black.

After the lapse of a few more months the Medusa, or ¢ Medusi-
form Gonophore,” as it is called—which no more resembles the
parent organism than a tree does a man—develops its own
gperm and germ-cells, which uniting produce a fixed Corynid
once more, and thus the cycle of changes is completed. The
entirety of the Hydrosoma is rapidly formed by budding from
the single polyp. This description, though specially referring
to the Corymida, applies with sufficient aceuracy to the repro-
duction of the majority of the Hydroida (fig. 10).

All Acalephse possess urticating organs, called thread-cells,

i
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which they can protrude and employ at pleasure. Their move-
ments 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-spofs. A nerve passes from the principal gan-
glion 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 construction of feye 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.

Those Meduse which swim by the contraction of their um-
brella-like disc were formerly called Pulmogrades ; those, like
Berie, which swim by vibratile cilia attached to arms, Cilio-
grades ; while those which float like Physalia were termed Hy-
drostatic Meduse. It must be remembered that while some
Medus@® 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 umbrella-like dise, from
the under part of which one or many polypites depend ; the
two former constitute the so-called * naked-eyed,’” or Gymnoph-
thalmate Meduse (fig. 8), and the latter the ‘ hidden-eyed’ or
Steganophthalmate Meduse (fig. 9).

Fig. 8.

NAKED-EYED MEDUSA.

a. Stomach. 5. Oral tentacula. ¢. Gongealycine canals. dd. Ovaries
¢, Marginal Canals,

The Hydrosoma of the fixed and compound submarine Cory-
nidee is connected by a ccenosare, 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.
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Hmpex-Even Mepusa (Rhizostoma).

1. Umbrella. 2, 2. Circumferential and radiating inosculating canals.
#, 3. Stomatodendra with minnte polypites attached, The figures
3, 3, are placed upon the fringed tentacles,

DIAGRAM TLLUSTRATIVE OF THE DEVELOPMERT OF HYDROZDA.
{The specimen is one of the Luocernaridas,)

1. Ciliated embryo or * planula.,” 2, Hydra tuba, showing a single in-
dividual. 8. Hydra tuba undergeoing segmentation, 4. The
segmentation becoming more complete, 5. More advanced stage
in which the tentacles are developed from the first or basal seg-
ﬁ gt. 6. Begmentation complete, giving rise to a free swimming

usoid,
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Sometimes the tube is jointed with the tentacles placed in a
whorl round each joint (e.g. Tubularidee 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 Tubularidee) ; the polypary of the latter
closely resembles small straws filled with a soft reddish coenosare.
A few of the Corynidae do not possess a hard polypary (e.g. Cory-
morpha nutans), but on the contrary only a soft white fleshy
stem. Many 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
marine Hydrozoa, with a firm chitinous polypary, which always
expands at its extremity into little cups, called hydrothece,
which contain and protect the polypites. They very closely
resemble seaweed ; in their reproduction they resemble Cory-
nida, 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 com-
bined 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 cceno-
sarc, so that whatever passes the separate pelypes must also
traverse the supporting ccenosare, a constant current of fluid
being thus kept up by ciliary action.

Campanularide resemble Sertularidese, except that the hydro-
thecee 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
oaily 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 manubriuwm, 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 develops ova, which grow up into the fiwed colony from
which it sprang.

Order 2. siphonephora, including Calycophorida and Phy-
sophoride, are free swimming or compound floating marine
Hydrozoa, with an unbranched or only slightly branched, but
muscular ccenosare, 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 repro-
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duction the Siphonophora go through a similar alternation of
zenerations to the former order.

The Calycophoride are free swimming Hydrozoa which
abound in tropical seas ; the Physophoride including the Phy-
salia, or Portuguese man-of-war, the Velelle and Porpita are
remarkable chiefly in the construction of their ccemosare. In
the Physalia it is a large bladder-like organ, the pneuwmatophore,
or float, and serves to buoy up the entire hydrosoma ; in the
Velella it forms a sort of permanent latteen sail, by which the
wind drives it along the surface of the ocean. There is a car-
tilaginous body developed in the interior.

Besides the above orders, certain fossil organisms called
Graptolites frequently found in the Silurian rocks, are now
generally collated with the Hydrozoa.

Many of the marine Hydrozoa are phosphorescent.
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CHAPTER VII.

Crass: Activozoa—CowNsTRUCTION OF CoRAL REEFsS—
PrYSIOLOGY OF CELENTERATA.

(lass II. ACTINOZOA, comprising the corals 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 Palwozoic
period to the present time. They are either free or fixed, simple
or compound, marine Ccelenterates, with a digestive cavity
separated from the general somatic cavity by a perivisceral space,
which space is subdivided into loculi by vaseular membranous
septa called mesenteries, upon which are found the organs of
reproduction, 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 is either 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 cenosare, and the individual
actinozoa, polypes. The Actinozoa are very muscular, both
mesenteries and body walls being supplied with distinct sets of
muscles.

Actinozoa contain four orders, Zoantharia, Alcyonaria,
Rugosa, and Ctenophora,

Order 1. Zoantharia is a large order, including the soft-
skinned sea anemones, and the greater number of the stony
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.

The Zoantharia are broken up into three great divisions :—
Malacodermata, Sclerobasica, and Sclerodermica.
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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 seaanemone is composed of a soft vertical
cylinder, the coluwmn, an attached end, the base, and a tentacu-
lated mouth at the upper end, the dise. 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.

Zoantharia malacodermata contain the following families :—

1. Actinidee. Polypes destitute of a corallum, with a body
shaped like a short truncated cone, with a broad base, and
numerous tentacles around the dise. The embryos of Actinid:e
are free, and the mature forms are capable of locomotion,

DrAGRAM TO SHOW THE MORPHOLOGY OF ACTINOZOA,

a. Tentacle non-ciliated. & Mouth leading to the Stomach Sac.
¢. Mesentery which supports the generative organs, d.

2. llyanthidse. Soft-skinned Polypes with a pointed base.

3. Zoanthidee. Polypes possessing a rudimentary spicular
corallum, and unlike the two former families in being connected
at their bases by a fleshy coenosare.

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

The Zoantharie sclerodermica, which form the third sub-
division, on the contrary, include all the rough cupped corals,
such as Madrepores, and in them the coral is secreted by the
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inner tissues of the body. The former are always eompound,
the coralline ccenosare forming the bond of union ; the latter
may be either single or compound, each individual when com-
pound representing in section a fossil actinia, with body cavity,
mesenteries, and perivisceral space in sifu. Coral is composed
chiefly of carbonate of lime, but is occasionally horny, or it may
be a mixture of the two.

The Sclerobasic and Selerodermic corals contain the following
families :—

A. Sclerobasic corals.

1. Antipathide, branched aclerohasic corals, whose individual
polypes are always provided with mixed tentacles.

B. Sclerodermic corals.

1. Tabulata. The septa, which are vertical divisions of the
calcified mesenteries, are rudimentary, but the mesenteries
themselves 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 eups or thec= are
pear-shaped.

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

Order 2. Aleyonaria, comprising the asteroid polypes, are,
as a rule, compound Actinozoa, generally possessing a coralline
skeleton, and whose mesenteries are in multiples of four. The
tentacles, eight in number, are always minutely fringed or
feathered. Many of the embers of this order resemble fossil
fronds of ferns. The order is hroken up into the four families,
Aleyonide, Tubiporide, Pennatulide, and Gorgonide.

1. Aleyonidee ave fixed ecompound corals, with a sclerodermic
ecenosare composed of scattered granules. Type-form, Aieyo-
niwm, or dead men’s fingers, a sponge-like, yellow compound
Aetinozoon, fixed to some submarine object. The little polypes
are projected through minute apertures in the coral and retracted
at will,

2. Tubiporide are compound sclerodermic corals, without
septa, but provided with cups or thecz. 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 protrude themselves in search of food.

3. Pennatulide, or sea pens, are compound selerobasic eorals,
with eight tentacles. Type-form Pennafula, or cock’s comb,

D
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an Actinozoon about four inches long, found at the bottom of
muddy seas. The attached end of the ccenosarc is smooth and
fleshy, the upper end is fringed with feather-like pinnwe, The
ceenosarc is yellow, the disc end reddish purple.

4. Gorgonide, sea shrubs or fans, are fixed compound sclero-
basie corals, whose ccenosare is grooved and finely branched. The
tentacles are always eight in number., Type-form, Coralihum
rubrum, or red coral. Corallum, or Sclerobase, smooth, bright
red, calecareous, and much branched. Ceenosarc, the soft invest-
ing membrane, dirty white, or flesh colour. The ccenosare invests
a very similar, jointed, and slightly grooved sclerobasis; along the
ccenosare are placed the apertures for the protrusion of the little
eight-tentacled polypes. The ceenosarc is channelled by nume-
rous tubes, which contain the so-called ‘milk’ for the nourish-
ment of the entire colony.

Order 3, Rugosa, is an order of entirely extinet Actinozoa,
chiefly found in the Palwmozoic strata. They were simple com-
pound sclerodermic covals, with thecee, fabule and mesenferies,
which are soft, membranous partitions in which the septa are
secreted. The tentacles were in multiples of four. The thecs
appear in some instances to have been furnished with an oper-
culum or lid ; examples, Calceola, Goniophyllwm, and Cysti-
phyllum.

Order 4. Ctenophora (:rsir, a comb ; ¢ipm, I bear), soft,
free, simple, transparent marine Actinozoa, whose organs of
locomotion consist of ciliated parallel rows of bands or paddles,
called ¢ ctenophores.” Type-form, Pleurobrachia.

The Ctenophora are the most highly organised of the
Actinozoa ; in them for the first time a nervous system is
clearly traceable. It comsists of a ganglionic mass at the upper
end, or ¢ apical’ pole of the animal, whence nervous filaments
radiate to every part of the body. Plewrobrachia is a little
balloon-like creature, with a mouth at the lower, or ¢ oral’ end,
and a rounded surface at the upper, 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 ¢ funnel,” 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 eonstantly kept cireula-
ting by the action of vibratile cilia ; the chief differences between
the families of Ctenophora consistin the various modes in which
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this canal system is arranged. At the apical pole may be seen
the  ctenocyst,’ a small organ consisting of a vesicle containing
minute sandy particles. This ¢ ctenocyst’ is close to the gan-
glionic centre, and is believed to be an organ of hearing,

Families. 1. Cullymide. The mouth oceupies a portion
only of the oral pole ; a single pair of oral lobes are present.
The tentacles are numerous, and turned towards the mouth,

2. Cestide (Venus's Girdle). The body is flattened and
lengthened out to perhaps four feet ; it bears two ctenophores,
with two tentacles turned towards the mouth.

3. Calliowiride. The body has long lateral lobes, with
ctenophores ; the tentacles are turned from the mouth.

4. Plewrobrachiadie. No oral lobes ; body balloon like ; ten-
tacles turned from the mouth.

5. Beriidw, The mouth occupies the whole of the oral pole ;
no oral lobes and no tentacles.

The work of the coral-building Ccelenterates is in itself so
interesting as to demand a brief notice. It is found that the
Actinozoa engaged in producing coral reefs cannot live above the
water level, exposure to the sun soon kiiling 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 abore
the water level.,! Constant subsidence and continuous super-
ficial growth are thus going on pari passu. If the centre of a
reef sinks more guickly than the sides, a lagoon 13 left, sur-
rounded 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 : Madre-
pores, Millepores, and Gorgonide work chiefly at the top ; below
them we meet with Meandrinas (Brain coral); and lowest of all
the work is done by Astrmans.

The following are some of the more important terms em-
ployed in describing the morphology of Actinozoa :—ceenenchyma,
the skeleton of the ccenosare ; theea, the skeleton of the body
wall; Columella, the base skeleton; septe, and pali, the mesen-

! Other corals, thongh not reef-builders, are found at the greatest depth yet

fathomed,
D2
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teries ; dissepiments, regular transverse plates joining septa ;
synapticule, irregular and oblong plates, joining septa ; coste,
external vertical ridges.

PHYS1I0LOGICAL Processes oF CELENTERATA,

Briefly reviewing the principal physiological processes of the
Coelenterates, 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 pro-
vided with a membrane, which secretes a digestive fluid, and
containing at its lower end an aggregation of cells supposed
to be of a hepatic nature ; it is remarkable, however, that if a
ezlenterate be turned inside out, the ectoderm becoming the
endoderm, absorbs and digests as perfectly as if nothing un-
usual had happened, as was seen to be the case with the Hydra.
In the compound ceelenterates the lower part of the body cavity
communicates with a tube in the ccenosare, which is common to
the entire colony.

Although no organs are specialised for cirenlation, yet a
constant current, which is both respiratory and ecirenlatory in
funection, is kept up in the perivisceral space and in the body
cavity by the action of vibratile cilia.

A Nervons system iz 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.

SEwsES,—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 tunie. Lifthoeysts, or ear-sacs, are also
often present in similar communication with the nervous gan-
glion ; they consist of a small sac filled with fluid, and perhaps
containing a little calcareous matter, which may increase the
vibrations of gound.

Reproduction has been sufficiently described ; it is chiefly
remarkable for the alternation of generations which is so com-
mon among the members of this sub-kingdom.
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CHAPTER VIII.
Sup-Kmepom : ANNULOIDA.—CLASS: SCOLECIDA, WITH ITS ORDERS.

Annuleida comprise Scolecida and Echinodermgta. The
former embraces 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.

ANRNULOIDA.

Diagrammatic section of Aspidegaster conchicolda, to show the water-
wascular system. «. Terminal pore. 6. Lateral contractile vessels.
g, Lateral ciliated tronks, d. Dilatacion of tranks,

A true vascular system is also sometimes present, A mnervous
system is constant, composed of an oral ganglion and radiating
filawwents. 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 two Classes : Scolecida and Echinoder-
mata, which possess little in common except a water-vascylar
system.

Class I. SCOLECIDA (scdtné, a worm). All the Scolecida
possess a complete water-vascular system. The greater part of
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them are parasitic, and develop 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 rest of the Scolecida are primarily
divided into Platyelinia (lat worms) and Nematelmia (round
worms). The whole class comprises the following orders :—

(lass, SCOLECIDA. Ovders,

1. Tweniada
Sub-class Platyelmia {2. Trematoda

o. Turbellaria

1. Acanthocephala
sub-class Nematelmia {2. (Gordiacea

3. Nematoidea
Sub-class Rotifera 1. Wheel animalcules

Sub-class I. PLATYELMIA.

Order 1. Teeniada. Tapeworms or Cestoid worms.

The tapeworms are parasitic in the intestines of warm-blooded
vertebrites, 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 segments or
proglottides, which are merely reproductive elements. The head
1s provided with suckers, hooks, or foliaceous appendages, by
means of which the worm moors itself to the mueous membrane
of its host; it feeds by imbibition (osmosis), there being no
mouth or alimentary canal. Each segment contains male and
female organs, with sperm and germ cells ; and a set of lateral
tubes, connected by an inferior transverse canal, which consti-
tute the water-vascular system. The segments are continuously
formed from the head, so that the tail segments are the oldest
and the cephalic segmnents 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 progloitides,
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 segment being thus capable of generating a vast
number of ova, and the amount of segments thrown off bheing
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also very considerable. It follows that a full-grown tapeworm
must be the parent of an almost innumerable offspring. The
consideration, however, of the numerous vicissitudes through
which these creatures must pass in their various phases of
existence before attaining their mature condition, indicates a
fortunate provision of nature for preventing their multiplication
to a degree dangerous to the higher animals which they select
as their hosts.

For convenience of desecription we may divide the life cycle
of Teenia into six different stages. First, on looking at the
mature proglottides discharged ‘ per anum’ from the host, we see
that the fertilised ova are set free by the decomposition of the
walls of the segment; and that each ovam thus liberated

Fig. 13.

SCUOLECITA,

Morphology of Twmniada. a. Ovom with contained embryo. &
Custicercus Tongivollis. ¢, Head of Twenia solinm (enlarged): the circlet
of hooklets is at the top, and below them arve thoze of the cephalic
snckers. d. A single segment or proglotlis magnified. 1 Generating
pore. 2. Water vessels. 4. Dentritic ovary. e Portion of tape-
worm, natural size, showing the alternating arrangement of the
generative pores.

becomes covered with a dense envelope, which effectually pro-
tects it from wind or weather. It is now necessary for its
further development, that it should be swallowed by some bird
or mammal, and its case dissolved either by mastication or the
gastric juice. The once more liberated ovum, now termed a
‘ proscolex,’ is seen to he armed at one point by six siliceous
hooklets. With these weapons it forces itself through the gastric
walls, and takes up its abode in the liver or some other equally
rich feeding ground. Having come to an anchor, it develops
around itself a cyst containing fluid, and is now termed the
‘scolex,’” or ‘resting larva’ of the Twenia. Many creatures
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formerly known as ¢ eystic worms,” have now been discovered to
be merely transitionary stages of various Teenise,

In this condition the creature is likely to remain for a long
period, no further development being possible until the ‘seolex’
be liberated from its fleshy prison. This liberation is effected
by the flesh containing the scolex being eaten by some other
warm-blooded vertebrate. It is then able to complete its cycle
of transformations. Having thus gained access to the intestine
of its second host, its envelope is again dissolved by the process
of digestion, and the now free ¢ scolex-embryo’ fixes itself to the
mucous wall of the alimentary canal by hooks and suckers which
it has developed. The creature now begins to develop segment
after segment of reproductive plates from the hinder part of the
cephalic segment, each portion being termed a proglottis, becoming
gradually sexually mature, and capable in its turn of producing
fertilised ova. Subjoined is a table of the six stages of the
development of the Twnia :—

(1) The ‘ ovum’ liberated by the decay of the ¢ proglottis,’
which contains

(2) The °proscolex,” with six siliceous hooklets for per-
forating the tissues of its first host, until it finds a resting-place.

(3) The ‘scolex,” or ©resting-larva,” surrounded by cyst,
and containing rudimentary head segment of future Teenia.

(4) The immature Teenia set free from the eyst of the
‘gcolex,” and now contained in the intestine of its second host,

(5) The ‘strobila,” or mature Twenia, the result of the
development of the last stage, and going on to produce

(6) The °proglottides,” or segments, in a state of sexual
maturity containing fertilised ova.

The tapeworms commonly infesting man, viz., Tenia solivwm
and Twnia mediocanellata, are derived respectively from the
“scolices’ of the pig and the ox ; the animals so affected being
‘ 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 Tenia Eechinococei, which infests
that animal. In like manner the tapeworm of the ecat, Twnia
erassicollis, is the adult form of the cystic worm of the mouse,
(Ysticercus fasciolaris; the tapeworm of the fox, Tenia pisi-
formis, the adult form of Cysticercus pisiformis, of hares and
rabbits ; the tapeworm of the dog, Tenia serrata, the adult
form of Cemrus cerebralis, the cystic worm which produces
“ staggers’ in the sheep.

g R ST —
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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
dise. They are dicecious, 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 wsophagus, 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. Fitellaria, which are branched tubes, and are
the yelk-supplying organs ; 3. A Uterus, which is an expanded
part of the ovarian duct, whence a wagine opens Into a
common cloaca ; the ova acquire a shell-covering in the oviduce
in the same manner as the egg of a bird. The male organs
are : (1) A Testis, a convoluted tube, with cwcal diverticula,
whence (2) A duct passes, the vas deferens, to open into (3) The
sac of the penis. The life history of a Trematode iz as follows :
The product of the egg is a ciliated, freely swimming 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 cercaria cyst, vedia, or sporo-
cyst ; it has two lateral appendages, 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 cercarie. These little bodies infest the bodies of
fresh-water snails. Cercarize are set free by rupture of the cyst.
The little creatures now develop a sucker, boring spikes, and a
water-vascular system, but no reproductive organs. In this
state 1t 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 swallowed by a vertebrate, when it
completes its final change by becoming a fluke.

Order 3. Turbellaria. Non-parasitic worms, which live in
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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 alimentary
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 month, called the proboscis. They are
generally aproctous, i.e., without a separate anus. They are
diecions, and their reproduction is by fission, gemmation, or
by congress of sperm and germ cells. Type-form, Planaria
lactea.

Nemertide are marine and fresh-water worms ; they possess
a perivisceral space, a mouth, and distinet anus. They are
ribbon-shaped, and in reproduction resemble Planaria. The
larva of a Nemertis is 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 canal.

Sub-class IT. NemaTELMmIs.—Parasitic Secolecida, with an
elongated eylindrical 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
circumnstance 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 unneces-
sary to travel much beyond them for their prototype. These
Acanthocephala for example possess no alimentary canal what-
ever, and subsist, like the T:eniz, entirely by a process of
absorption. They are like the Tanise also in possessing a head,
arined 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 eystic 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
victimized hosts in length.

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

Free and parasitic worms, which often infest the human in-
testine ; they comprise Ascarides, Tricocephalus dispar (infesting
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lower part of small and upper part of large intestine), Owyuris
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.
epidermic ; 2. muscular (of decussating fibres); 3. a deep cel-
lulo-granular layer. Mouth at anterior end, with three fleshy
lips, but no suckers, &e. Reproductive organs resemble those
of Turbellaria. No alternation of generations. Males smaller
than females. T'richine are encysted in muscles of piz. When
eaten by man the cyst is ruptured, and the liberated Trichin:we
increase enormously in numbers by viviparous reproduction,
and emigrate from the stomach and intestines into the muscles.
When they reach the muscles 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-worn, is ano-
ther parasite of importance as a cause of disease. The parent
worin 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 ecurious fact that all the known specimens of
Filaria are adult females. There is another large division of
Neinatoid worms, comprising indeed more than 200 species,
which are always free, and inhabit our ponds and seas. The
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 Anguillulide.
They resemble the parasitic Nematoda in their anatomy.
Sub-class 1II. RorrrEra. Wheel Animaleules. Free, mi-
nute, nearly all microscopic aquatic Annuloida, possessing well-
defined water-vessels, which seem fo 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, after communicating with a large
rhythmically contractile sac, terminate in the trochal dise. This
ciliated cephalic, or trochal dise, called the ¢ wheel organ,’ is



44 COMPARATIVE ANATOMY.

capable of rapid inversion and eversion, giving rise to the
whl-like movements characteristic of these animals. This is
the organ of locomotion (subservient
also for collecting food), and acts
much in the manner of a propeller
to a screw. Sexes distinet, Males
very small, and no alimentary canal.
Females provided with complete ali-
mentary canal, The free Rotifera
have a ‘foot,” or prehensile disc at
the proximal or caudal end, and a
pair of ‘ toes,” which act as pincers.
The mouth of a Rotifer is an
elaborate machine, and consists of a
lower jaw, which is fixed, but has two
movable ‘rami’ connected with it,
and upper jaws, or ‘malleil,” which
are also movable, and whose shear-
.- like cutting edges divide the minute
RoOTIFRRA, organic atoms on which the creatures
a. Depression leading to month. prey. The mouth opens into a bul-
b b Trochal dize. e, Nervons
bous, muscular, walled pharynx, and

ganglion, f Pharynx with den-
tary apparatns.  g. Stomach. thence leads to a simple, somewhat

i!ﬁnrgsi:;lg:\;Efugi:niﬂtm' * convoluted tube, which ends in a
eloaca, common to the urinary, di-
gestive, and generative organs. The cephalic nervous gang-
lion is very large in proportion to the size of the animal,
They appear possessed of instinet to a considerable degree ;
indeed, they seem to possess many points in common with the
class Insecta, although 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 infu-
sions after the smaller Protozoa have passed away.
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CHAPTER IX.

Sve-Kixepoat : ANXrLoiDA—CLASS : ECHINODERMATA—DPHYSIOLOGY
OF ANNULOIDA.

Class II. ECHINODERMATA (ixiror, an urchin; d&éopa,
skin) form one of the best marked classes in the Animal Kingdom.
These animals assume a variety of shapes ; they may be stellate
or disc-shaped, spheroidal or vermiform, and unite with a
radiate and generally quinque-partite arrangement, indieations
of being bilaterally symmetrical, always to be seen during the
process of development, and frequently in the mature animal.
They all possess a more or less perfect calcarcous framework.
The water-vascular system, which is commeon to them and the
Bcolecida, opens upon the exterior, subserves locomotion, and
18 termed the ambulacral system. The nervous system consists
of a cord arranged in the form of a pentagon, surrounding the
commencement of the wsophagus, Immediately below the
water-vascular ring. At each angle of the pentagon is situated
a ganglion, from which proceed a long and a short branch ; the
long branch, turning upwards, follows the curve of the shell,
gives branches to ambulacral areas, and terminates in a gang-
lionie enlargement at the anus ; the short branch goes direct to
the Lantern of Aristotle. Alternation of generations cannot be
said to exist in the Echinodermata, the term Metamorphosis
snuch as takes place in Lepidoptera, being more applicable to the
changes which take place during the lives of these animals.
The embryo 13 a free-swimming ciliated creature, strangely like
a painter’s easel, and hence called a Pluteus. 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. Contemporancously with
the disappearance of the frame of the Pluteus, the future
Echinus becomes sketched in, and a radially symmetrical 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.q. taking an Echinus, or Sea-urchin, as the central type,
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from this globular animal we can trace through easy stages
the development on the one hand of such radially symmetrical
creatures as the Asteroidea, and on the other hand, from the
same starting-point, we are led to elongated, linearly symme-
trical, worm-like creatures, such as the Holothuroidea ; so that
we are conducted downwards to the Ceelenterates by the one
road, and upwards to the Annulosa by the other.
They comprise four well-marked orders :—

1. Echinoidea, Sea-urchins.
2. Asteroidea, Star-fish.
3. Crinoidea, :

4. Holothuroidea,

Order 1. Echinoidea. An Echinus may be taken as a
good central type of the entire class, and may be defined as

METAMORPHOSIS OF ECHINUS.

Pluteus paradorus, 1. Apex of the body. 2. Lateral processes. 3, 3,
and 4, 4. Four arms of the Plutens body. &, 5. Anierior and
posterior processes of the framework of the month. «. Mouth in the
midst of the fonr-pronged proboscis. &, Curved border of framework.,
¢. Stomach, d. Constriction of gullet. e. Caleareous framework of
the skeleton, 2. Central dise showing the further development of
the Echinus, with commencing spines. c¢. and 4. Disappearing cal-
carcons framework. 3. More advanced state, showing the cirri and
gpines projecting from the surface, and the larval form almost gone.

follows : a radially symmetrical animal, of a globular, or de-
pressed form, encased in a calcareous shell or test, composed of
many-jointed, immovable plates. The intestine is convoluted,
suspended in a perivisceral space, and is supplied with both
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mouth and anus ; the former placed below, and the latter above.
The larva is a Pluteus. The shell or test of an Echinus is
formed of twenty rows of immovable plates, arranged in regu-
lar order from the apical to the oral pole, in ten alternating
zones. Each zone is composed of 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 cireu-
larly disposed plates, is surrounded 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) occupying the entire sur-
face of one of these genital plates may be seen the madreporic
tubercle : the numerous minute apertures in this elevation com-
municate with the madreporic canal.

The shell is developed from a membrane which lines the in-
terior of the plates, and passes between the joints, so that addi-
tions can be made to their edges, by which means the animal
increases in size, while it preserves the same relative propor-
tions. Locomotion is effected as follows :—The feet which pass
through the ambulacral canals are all hollow, and behind the
shell communicate with a sac or water-butt ; they also com-
municate with each other by radiating tubes. The walls of these
sacs and tubes are muscular, so that as each sac contracts, the
water is forced from it into the corresponding tube, which is
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 contraction
the foot is retracted, and the water squeezed back into the water
sac. The Madreporiform vesicle is also guarded by a muscle,
and permits the ingress of water, excluding sandy particles, &c.
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 in-
deed to be not only one of the most perfect, but one of the
earliest instances (the Rotifera alone preceding them) of a den-
tary apparatus in the Animal Kingdom. If is composed of fine,
accurately-fitting vertical pyramids, an inch deep in the larger
specimens, each provided with a rod-like ecaleareous tooth,
worked by a couple of beautifully trochleated muscles. The
intestine is tortuous, and is connected to the shell by delicate
membranous mesenteries. The wmouth and anus, though
broadly speaking discal and apical, are really often eccentric in
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position, The Echinodermata are dicecions. Eehinidea possess
a true hsemal system ; the heart giving rise to an aorta, which
surrounds the gullet and intestine. The blood is aérated (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 struectures already
described, three other peculiar organs—spiies, pedicellarie, and
Pellian vesicles.

Fir. 16,

DENTARY APPARATUS OF ECHINUE, OR ALISTOTLE'S LANTERX.

The right-hand disgram shows three of the teeth in position. a a.
Cutting edgres of the teeth, which are extremely hard. 6. Fibrons
roots of the teeth. ¢e¢ Opprged bony sorfaces of the jaws. o d.
Arched processes, The left-hand dingmn shows an isolated pyramid.
¢, External surface., Other letters as before.

Spines are numerons irregularly disposed 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 pedicellarize 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

oo
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keep it free from molesting animalcules. These curious organs
are merely modified spines.

Pollian vesicles are a cluster of free-hanging sacs, connected
with the madreporie tubercle, and also with the ambulacral
eanals. They are muscular organs, and assist in the propulsion
of the fluid contained in the canals.

The order Echinoidea contains the following families :—

Sub-orders. 1. Spatiformes, or Spatangoid sea-urchins, Flat
or obovate in shape, with eccentric oral and anal apertures. No
anterior ambulacrum.

a. Ananchytida. Ambulacra, simple.

b. Spantangida. Ambulacra, petaloid.

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

a. BEchinoneida. Toothless, ambulacra simple.

b. Casstdulida., Toothless, ambulacra petaloid.

¢. Clypeastride. Toothed, ambulacra petaloid.

d. Echinoconida. Toothed, ambulacra simple.

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

a. Cidaride. No buceal branchiz on ambulacra, which are
prolonged over buccal membranes ; spines unusually long and
bright-coloured.

b, Echinide. Buceal branchise present, but ambulacra net
prolonged over buecal membrane.

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

Order 2. Asteroidea, Star Fishes. Radially symmetrical
animals, composed of a small central body and five long radiat-
ing arms, with ambulacra below, and a coriaceous covering
a,l:-me, cunsmtmtr of a muscular integument with thickly ﬂcatv
tered calcareous particles. Tha {:eutral body presents two poles,
a lower oral pole, and an upper anal orifice. The arms are
hollow for a certain distance, to permit of cwecal extension into
them of the stomach. The larva is bﬂa,teral.ly synunetrical, like
that of Echinoidea, but is never enclosed in a skeletal frame-
work. The upper, anal surface presents the madreporiform
tubercle ; neither the anus nor madreporic vesicle are central, and
both are placed in what corresponds to the interambulacral area
of a sea-urchin. There are no teeth. The hamal 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
B
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ciliary tubes, which form part of the ambulacral system, and
are consequently situated on the lower aspect of the animal.
Nervous system as in Echinoidea. Ocelli generally present.
They are mostly dicecious, the young passing through an alter-
nation of generations. In the first stage the embryo is ciliated ;
in the second stage an indentation takes place, making the body
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 Bipimnaria the
Asteriden appears, the larva finally perishing, and the star-fish
escaping free, They contain the following families :—

Section 1. Ambulacra, with four rows of feet.

Family. dsteriade. Madreporic tubercles present, and
simple.

Section 2. Ambulacra, with two rows of feet.

a. Astropectinidee. DBack flattish, covered with tubercles,
with radiating spines at the top called * paxille.’

b. Peutacerotidie, Body surrounded by longish or elongated
pieces, covered with a smooth or granular gkin, pierced with
numerous holes,

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

Order 3. Ophiuroidea, Brittle Stars. Resemble the Aste-
roida 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 con-
tain prolongations of the viscera, as in the former order. No
anus is ever present, the central inferior mouth serving the
double purpose 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 loco-
motion, and also act as prehensile organs. The madreporic
tubercle is placed near the mouth. The larva is a ¢ pluteus,’
and is surrounded by a skeletal framework.

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

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

Order 4. Crincidea. Echinodermata, chiefly fossil, fixed
to bottom of sea by a jointed stalk. The long, wavy arms, five
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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
Medusee, and Comatila ; 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,
twiggy shrub, about 2} 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. DMouth central, and arms lateral.
Larva bilaterally symmetrical ; imago radially so.

Order 5. Cystoidea. This order is entirely extinct, and is
confined to the Palmozoic period (except, perhaps, a curious
Australian 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 surfaee is generally devoid of arms; three openings are

present, one oral, one anal, and the third the ambulacral
~ orifice.

Order 6. Blastoidea. Entirely extinet. 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, from one to three inches in
length, covered with a thick, soft integument, containing cal-
careous particles. 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 ceecally near the mouth, and forms the
respiratory tree. The walls of the tubes are muscular. The
whole integument is so muscular that a sea-cucumber can at a
pinch eject its own viscera.

E2
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Family 1. Holothuride.—Body coriaceous, with calcareous
particles. Ambulacra and respiratory tube present.

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

Pravs1on0GIcAL PROCESS OF ANNULOIDA.

In brief summary, the physiological process of Annuloida
are as follows :—

Digestion.—All the Scolecida, except the Teniada 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 aperature, 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.

Cireulation and BRespiration.—The only organs present for the
performance of these functions are the water-vascular system
of the Scolecidse, and the ambulacral vessels of the Echinoder-
mata. They subserve the double purpose of circulatory and
respiratory organs. Most of the ambulacral vessels are lined
with cilia.

Nervous System.—Only possessed of a sensori-motor and ex-
eito-motor power. No real volition yet present. In other words,
all the movements are of a reflex character; there is a low
degree of sensation in some.
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CHAFPTER X.

SUR-KINGDOM : ANNULOSA—SUB-DIVISION : AXNELIDA.

AxNvLosa.—Synonyms, Homogangliate (Owen) : Articulata
(Cuvier.)

Definition.—The body of the Aunnulosa 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 museles, The nervous system is very well
developed, and always arranged in a defimite 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 is
extended. Two ganglia for each segment succeed, which pass
down the whole venfral aspect of the animal. Limbs, when pre-
sent, are neural.

ANNULOSA are primarily divided into two great groups,
according as the creature has jointed limbs or not, called respec-
tively Arthropoda and Annelida : the distinctive characters of
each of these we must define.

Awthropoda (dptipov, a joint ; wode, 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 antennee. Neither the embryotic nor adult arthropod
ever possesses cilia. In the place of a heart they possess a distinct
dorsal vessel, which is valved, and contracts rhythmically.

Aunnelida 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 pseudo-hemal ; they contain a corpusecn-
lated, and often greenish fluid, and the vessels entering into
their composition, are often much convoluted, and provided
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with thin sacs or hearts. The head is little differentiated fromn
the rest of the body segments ; the separate segments are often
very numerous, sometimes numbering four hundred. In the
highest members of the group each segment bears two sets of
lateral appendages, or oars—two dorsal and two ventral : besides
these, other appendages, termed cirii, are carried dorsally, and
near to them again are the branchize. The foot tubercle is
provided with setse, which are locomotive organs. The intestine

Fig. 17.

DIAGRAM TO SHOW THE GEXERAL MORPHOLOGY OF ANNULOSA.

e. Common plan, showing the dorsal heemal systema above, the nenral
system below, and the digestive system between the two, f. The same
in gection, showing the same relative position of the blood, nervons and
digestive systems. a« and b. Diagrain in section and profile of an insect.
c. A spider. o and . Crustacean at length ard in section. ¢ and h. A
myriapod at length and in section, {and & An aonelid in full length
and in transverse section,

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.

Order 1, Errantia (Nereidea), includes Sea Mice, Sea

¢ Worms, and Sand Worms. PBranchiated Annelides, the branchise
being either dorsal or lateral. The pseudo-hzmal vessels con-
tain a red or green corpusculated fluid. Integumentssoft. Each
segment presents a ventral and a dorsal are, with ¢ foot tubercles’
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on either side. The dorsal oar is called a ‘notopodium ;’ the
ventral oar a ‘neuropodium.” KEach carries sete, and a soft
vascular structure termed the °ecirrhus.” The mouth is fur-
nished with jaws which, like the jaws of insects, work laterally.
¢ Segmental’ organs are present. These are small ceecal diver-
ticula placed laterally. They open externally, secrete mucus,
and aect as excretory organs. They are unisexual, and the
animals go through a metamorphosis during development.

Type-form, Aphrodite, or Sew Mouse. This brilliantly tinted
worm has its back eovered with large imbricated plates, forming
the ‘elytron.” The interspaces be-
tween the plates admit the water to
the branchise, which are lodged in
the space below. Feelers of large
size are present, and the head is
supplied with eyes of some com-
plexity. Setse and sharp spikes,
armed with recurved barbs, are
appended to the oars, and moved by
muscles. Reproduction by gemma-
tion, and by congress of sperm and
germ cells; the two processes occur-
ring alternately; thusthe ova sexu-
ally produced grow into Annelides,
which multiply gemmiparously, and
these in turn produce the oviparous
Aphrodites.

Another well-known member of
the order Errantia is the drenicola
a. Aphrodite  aculeala  (Dorsal piseatorum, or Lob-worm, which

Bt b e e snootn, dwells in the sand on the sea-shore,
horny sheath. This worm has thirteen pairs of
branchise on each side of the body;

it has also a short proboseis, but is destitute of eyes and jaw.

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

The species Sagitta (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 Chwmtognatha (yairy,
a mane; jywiber, & jaw). Sagitta 1s a marine, transparent
Annelid, about an inch long. Its head is round, and furnished
with six sets of setee, two large—like feelers—mnear the mouth;
and four short, at the side of the mouth. The posterior part of
the body, which tapers to a point, is fringed with a delicate

ANNELIDA.
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membrane. They are moncecious, and do not pass through any
metamorphosis in reaching maturity.

Order 2, Tubicola, are branchiated An-
nelides, which have received their name from
dwelling in tubes, some, as in Serpula, formed
of calcareous particles, which are secreted by
the integumental covering, whilst others, like
Terebella, construct their habitation of grains
of sand, pieces of broken shells, and other
heterogeneous substances, which they glue
together by aid of a colloid secretion. The
Tubicolasomewhat resemble miniature French
horns in appearance, and the animals can
leave the tubes in which they dwell, at plea-
sure. 'The branchize are arranged in lateral
plumes, and are always cephalic. Repro-
duction takes place sexually, and also fissi-
parously. The embryo is at first free and
ciliated, afterwards it loses its cilia, and de-
velops the tube by a process of epidermic
secretion. Type-form, Serpula, a worm com- Sa{:i;ﬁﬁpﬁrffﬁf“ﬂ
mon on our coasts ; the tube is narrow and  Ovary. e Testicular

: ' . : chamber, d. Anns.
spiral, measuring about one-sixth of an inch
in diameter. One of the tentacles with which
the head is furnished is specially developed to form a lid or
operculum, whereby the open mouth can be closed at will.
When this is done the animal is secure from attack, and can
sleep in peace.

Order 3, Terricola, are perhaps more correctly called Oli-
gochgeta (Shiyo, few ; yairy, hair), as they include both land and
water worms. They possess no external branchis, but respire
by means of numerous internal ciliated processes. They move
by means of very short ventral setee. The nervous 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
Nuididee.

The common earthworm, or Lumbricus, may be taken as the
type-form of the Terricole proper. It is a round worm, com-
posed of numerous segments. The anterior segments concerned
in reproduction are called the ‘clitellum’ 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-
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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
psendo-hiemal system very like the water-vascular system of
Teeniad:e.

Navdide arve bright red little fresh-water worms, about an
inch long, and corresponding in anatomy to the earthworm.
Reproduction as follows : an adult Nais develops 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 sexunal congress, into adult and perfect Naidide,
These fissiparously produced individuals develop 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 and simple.
There are seventeen ‘segmental organs’on eitherside of the body.
The mouth is sometimes edentulous, but sometimes, as e.q. in
the common leech, Hirndo medicinalis, 1s 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 with great effect. The
horse-leech (Hwmopsis), so common in all our streams, has no
teeth.

Order 5, @ephyrea, contains the genus Sipuneulus. The
Sipunculi are marine, or rather coast worms, from half-an-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 proboscis ; an anus is present on
the dorsal surface, but usunally in anterior third of the animal’s
length. They are dicecious ; the alimentary canal is convoluted,
and closely resembles the ambulacral system of Echinodermata,
though without ambulacra. The entire order, indeed, corre-
sponds 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 XL

Svp-KixGpoM : ANNULOSA— CLASS : CRUSTACEA.

Axxvurosa.—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 the preceding chapter. They
contain the four great classes of Myriapoda, Arachnida, Crus-
tacea, 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 sections may be grouped.

CRUSTACEA. Lobsters, Crabs, Barnacles, &ec.

Definition.—Annulosa with jointed limbs; breathing by
gills, or by the surface of the body. Two pairs of antennz are
present. The locomotive appendages are borne by the abdo-
minal 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 pairs in number. A typical Crus-
tacean consists of twenty somites, six of which, often welded
together, are cephalic, eight thoracic, and six abdominal. The
cephalic and thoracic segments, being more or less amal-
gamated, form the cephalo-thorax. Each somite has a pair of
appendages, some of which, termed °antennse,’ are devoted
to the most various uses, e.g., they may be organs of touch, and
of smell, as in Decapoda, or they may be digging organs, as in
Seyllarida, 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 sym-
metrical parts, forming a dorsal or fergal are, and a ventral, or
sternal are; each half of the tergal arc is formed of a superior
piece, the fergum, and a lateral piece, the epimeron, to which
the pleurs are joined ; each half of the sternal arc is formed of
an inferior piece, the sternuwin, 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
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chitinous exoskeleton, which in many, e.q. in the Lobster, is
further strengthened by a powerful dorsal shield, the carapace,
formed by the enormons development of the tergal and epimeral
pieces of the first fourteen somites. The last abdominal somite
is terminated by an azygos segment, the felson, 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

Fig. 20.

MorprHOLOGY OF THE LoBSTER,

1, Diagram of exockeleton. A, The tergal, and B, the sternal are2. a .
the tergal pieces. ¢ ¢. Epimera, & &, The sternal pieces, o o, Episternum.
e e, Insertion of extremities and plearme. 2, Ome of the somites sepi-
rated. a. Tergom. b Blternam. o Plenron.  d. Protopodite. & Ex-
opodite. f. IEndopodite, 3. A foot jaw or maxillipsde. « Gill. b.
Epipodite, ¢ Exopodite, d. Endopodite. ¢. Protopodite.

somites possessing the following appendages : Each abdominal
segment, regarding the telson as an appendage, is supplied with
a pair of 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 stermum, called the protopodite, or basi-
podite, and two larger, fringed and somewhat tattened seg-
ments, the outer of which is called the exopodife, and the inner
the endopodife. The remaining abdominal somites possess simi-
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lar appendages until we reach the first piece, when we find that
the swimming legs are modified into walking legs by the sup-
pression of the exopodite. The last thoracic segment carries a
similar pair of ambulatory legs, except that the protopodite bears
a little process, the epipodite, which serves to support and keep
the branchizx open. The last somite but one has similar appen-
dages, but their extremities are converted into small nippers,
called chelwe ; the next segment carries similar kinds, and so does
the succeeding one, but the chelee are developed out of all
proportion to the preceding, and form the great claws. The
two next segments carry appendages modified to form manduca-
tory organs, and called mawillipedes, or foof jaws; they are
composed of the same elements as the swimmerets and walking
lege. The next two segments, which are cephalic, carry appen-
dages in the form of jaws, and called the first and second pair of
maxille. Still the same elements are recognisable, 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
(#cdgoc, a boat ; ywifoe, a jaw), and serves to keep up a
constant current of water through the gills by continuously
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 protopodite is large, and
forms the greater portion of the jaws ; the exopodite is unde-
veloped. 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 labium. The succeeding cephalic
segment carries the long antennse, or feelers, in which we still
recognise the protopodite, 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-stalks,
at the end of which the eyes are placed, and which eye-stalks
are simply protopodites.

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 con-
nection with it. Salivary glands sometimes, but not always,
present. The blood, which contains oat-shaped cells, is for the
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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, and an auricular venous expansion above ; in other
words, it is bilocular. From the ventricle the blood is pumped
along several arteries into numerous lacunze, which oceupy the
interstices of the body, and through which the blood passes into
veins furnished with muscular dilatations, asit were venous ven-
tricles, and by them is conveyed for purification to the gills,
whence the branchial veins, carrying arterial blood, convey it
to the venous sinus, which partially surrounds the heart, and
so completes the circuit of the blood current. From this it will
be seen that the heart of Crustacea is systemic, i.c. 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 pos-
sessing these organs; whereas in Vertebrates the heart is as
invariably respiratory in the first instance, i.e. it forces the
blood to the gills or lungs 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 Annuloga. The supra-eesophageal, or cephalic
ganglion, supplies the organs of sense. The ventral cord is
supplied 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 wunder the class
Insecta. An aunditory apparatus, consisting of a sac filled with
water, containing otoliths, and communicating by nerves, first
with the sub-ozsophageal and then with the cephalic ganglion,
is placed at the base of the lesser antennz. In Mysis the andi-
tory sacs occupy the anomalous position of the last abdominal
exopodite, 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 deseribed 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 fiwo festes,
situated in the thorax, each yielding its secretion to a wvas
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deferens, which leads to a musculo-membranous penis, which can
be protruded through an opening in the basal joints of the last
thoracie limb., The first and second abdominal limbs possess
appendages which are partly used to excite the female, and
partly to guide the male organ.

Crustacea contain the following orders :—

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

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

Stomapoda eomprise Mysis and Squilla.

Branchiopoda include Daphnia, &c.

Ostracoda include Cypris and Cythere.

Cirripedia comprise Acorn Shells, and Barnacles.

Copepoda comprise Cyclops and certain parasites
formerly called Epizoa.

Merostomata contain the King Crabs, and many
extinet forms.

9. Trilobita are extinct Paleeozoic Crustacea.
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Order 1. Podophthalmia (7Tody, & foot ; écfalpor, 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 walk-
ing legs, of which the anterior are chelate.

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 Anomura, or Hermit Crabs, differ from Macrura (the
type), in having a soft integument, and being dependent on the
forsaken homes of others for safety. The abdomen, too, does
not terminate in a caudal fin, and the fail is very small, though
not entirely absent. They possess a sucker, by means of which
they adhere to the shell they enter. One of the larger ¢ chels’
is developed more than its fellow, thereby serving to close the
aperture of the shell when the animal has retived to rest.

The Brachyura, or Crabs, again differ from the Lobster, in
having 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 con-

_ ST
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centration of the nervous system met with in any Invertebrate
below the Cephalopoda. It is in their reproduction, however,
that the Decapoda are most remarkable, all passing through a
very curious metamorphosis. The impregnated ovum being
extruded from the oviduct, grows into a little creature called a
‘zoea,” not in the least resembling the parent form. It is a
comical-looking animal, with a large head, capped by a sort of
helmet, with a long 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

Fig. 1.

METAMORPHOSIS OF ORUSTACEA.

Ciarcinus mernas, a. Larval or first form. b, Second stage. ¢. Third stage,
. Final stage, in which the metamorplosis is complete.

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

Order 2. Edriophthalmia (efpaioc, sessile ; 6;0aludy, eye).
The eyes are both simple and compound, and, as the name indi-
- cates, are sessile, and never supported on eye-stallks. The body
has no carapace. The mandibles possess palpi. The branchiz=
are either thoracic or abdominal. Several, never less than five,
of the posterior thoracic segments are freely movable, The
Isopoda, comprising Wood Lice, &c., are distinguished by pos-
sessing seven thoracic segments for seven pairs of limbs, com-
pound eyes, and a distinet shield on the head. The formidable
little Limnoria ferebrans, which by boring is so destructive to
shipping, belongs to this group. Iis boring apparatus is a
modification of the maxillipedes. All the individuals of Isopoda
pass through a metamorphosis ; the young are free swimmers,
the adults very sluggish. The dwmphipodu or Sand-hoppers are

=
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small Crustacea characterised by possessing a well-developed
abdomen, and vesicular respiratory organs which are attached
to the bases of the legs. They do not pass through any meta-
morphosis. The Lemodipoda, or Sea Lice, are minute aguatic
crustacea possessing similar respiratory organs to the former
group, but no abdominal somites. The first pair of legs is
placed below the neck, and the head is furnished with four
setiferous antenns. No metamorphosis.

Order 3, Stomapeoda (rrine, a mouth ; wove, a foot),
comprises Squillida, Glass Shrimps, Opossum Shrimps, and
Locust Shrimps. They are marine Crustacea with pedunculated,
compound eyes, a soft membranous shell, and branchize sus-
pended from the abdominal somites. The head is furnished
with a carapace.

Order 4, Branchiopoda (3udyyia gills; woie, a foot), con-
tains Daphnia and many extinet forms. Crustacea with nume-
rous legs formed either for swimming or as points of attachment
for the branchize. They are sinall 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
Daphwia pulex is a pretty little Crustacean, common enough in
our ponds; it swims rapidly by means of its thoracic legs,
which play between the valves of the delicate bivalve shell.
Reproduction frequently presents the phenomenon of partheno-
genesis. This is most noticeable in Chydorus spheericus, where
it has been observed through fifteen generations. The females
are much more numerous and larger than the males, and con-
tain two kinds of eggs, winter eggs and summer eggs ; the sum-
mer ergs are numerous and ventral in position, the winter eggs
are two in number and placed in a little dorsal receptacle, the
ephippiwm or saddle. Both kinds of eggs, though at.different
seasons of the year, develop into perfect Daphnise, which in
their turn produce other Daphnize, and then again others (gem-
miparously), without any sexual congress.

Order 5, Ostraccda, Freshwater Shrimps (dorpacwdic,
adj. from dorpasow, 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 ad-
ductor muscle. The somites are very imperfect. The abdomen
is rudimentary, and there is no distinet heart ; the male repro-
ductive organs are very large. No metamorphosis, but partheno-
genesis sometimes takes place,

Order 6. Cirripedia (cirrus, a curl of hair; pes, a foot).
Comprises Acorn Shells, Barnacles, &e., and is a curions order
of Crustacea, embracing pedunculated, sessile, and apodal forms.
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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 distinet heart. The Acorn Shells, Balanide, are sessile ; the
Barnacles, Lepadide, are stalked, and consist of a peduncle
sometimes as much as two feet in length, and a capitulum, the
peduncle containing the anterior part of the animal, the capitu-
lum the rest. They are generally hermaphrodite, and pass
through a metamorphosis during reproduction. The larva is a
one-eyed free-swimmer, called a  Nauplius,” which 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 continue swim-
ming organs. At this period there is no mouth, but after the
cement glues the animal to same rock the mouth is de-
veloped, the posterior limbs become prehensile, and the Barnacle
is complete. In one genus of Cirripedes, Scalpellum, 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 (k@ay, an oar ; woic), or Water Fleas,
ineludes Cyclops and other aquatic forms. Some, like the
€yclops, are free and active ; others, the Epizoa, are sluggish
and parasitic. The Cyclops is a small Crustacean with oar-like
feet, enclosed in a thin bivalve shell. It has a single eye placed
in front of the antennse. The feet are five in number. Several
moults occur during development. The Epizon 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 REhyzocephala, are astoma-
tous, and in their pupa stage, when attached to crabs, &e., they
become simple sacs filled with ova ; from the sac tubes proceed

F
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which penetrate the tissues of their vietim and twine themselves
like rootlets around its viscera. The embryo of these most
extraordinary Crustaceans is a free-swimming larva with a single
median eye.

Order 8. Merostomata (pnpor, thigh; oripa mouth) in-
clude Xiphosura, the Limulus, or King Crab, and many extinet
forms. They are the largest of all Crustacea, possessing mouths
supplied with mandibles and maxillse, whose extremities are
modified to form walking or swimming feet. The anterior seg-
ments 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 Paleozoic forms, Pterygote and Furypterida belong to this
order.

Order 9. Trilobita (rpeic, three; AoBoc, lobe) are all ex-
tinet Crustacea, found only in the Palwozoic strata. The dorsum
was protected by a three-lobed carapace, but the venter was un-
protected. Eyes were sessile and borne by the carapace. The
mouth was furnished with a large labrum ; the telson was rudi-
mentary. Many of these Crustaceans could roll themselves into
balls like the common Oniscus. They swam on their backs,
lived far from the shore, and in shallow water. They are common
objects in every cabinet of Natural History.
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CHAPTER XIL

Sus-KinepoMm : ANNULOSA—CLAS3 : MYRIAPODA.

MYRIAPODA include the Centipedes and Millipedes. They are
characterised by the body being eomposed of more than twenty
somites ; to each of which legs are appended. The segments
increase in number with increasing age, This fact distingnishes
them from Insecta. The head con-
sists of six somites, more or less
welded together. The covering is
very firm and hard. The air is
drawn in through little hoeles or
spiracles, situated upon the surface,
and conveyed to tubes, called fra-
chee, 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. Chilopoda (ytiror, a _
. - . Jwlus  ferresiriz, 1. Fnll length
ll]?i TUUr, A f‘:":}t)_ are the GEn_t'l' view. 2. The same coiled up by
pedes, The body s Iattened, with  SEaRs e e e,
a generative pore at hinder end. ments, enlarged, to show tbe
Legs not extremely numerous, from ~ fiode, o, whiacient of - feet
fifteen to twenty pairs. Mouth pos-
sesses a hollow duct for the passace _
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 conduets a poisonous fluid from a caudal poison
gland. The Chilopoda are harmless animals in temperate

¥ 2
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climates, but often very dangerous in hot countries ; examples,
Scolopendra, Geophilus, and Lithobis.

Order 2. Chilognatha (y:silog, lip; yrdfoc, 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 ; moig¢) contains a single
genus, Pauwropus, a minute Myriapod, ;;th of an inch long,
possessing ten setiferous somites. Legs, nine pairs. An-
tenns, bifid and five-jointed, with three long appendages. Re-
spiration through skin. No foot jaws. White in colour.
Found on decaying leaves.
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CHAPTER XIII.

Suvp-Eixgpos : ANyNurnosa—CrLass: INsEcTA.

IxseEcTA.—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 is 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
antenna, 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 trachese,
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 caferpillars ;
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 pupa ; 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 émago.

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

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 chloroid, and
then dilate into a nervous layer, the common retina. From
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this retina a multitude of long filaments are given off, 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

Fig. 23.

i)
e

Dragras oF INSECT.

Llatte orientalis. o, Head with compound eyes and antennee. 3. Prothorax
with first pair of legs. ¢ Mesothorax with second pair of legs and first
pair of wings. . Metathorax with third pair of legs and seeond pair of
wings. &, Abdomen without limbs, but carrying terminal appendages
wiich are subzervient in reprodnetion.

in both is arranged in the following manner:—Two long and
large secreting cesecal tubes are situated on either side of the
alimentary canal; these terminate in excretory ducts, which
pass up to terminate 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 with-
drawn, the tenacious fluid of the ducts is drawn out; this being
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exposed to the air, 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, &ec.
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, hollow
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, &e.

Two very interesting varieties of Agamogenesis are met with
among Insects. In one variety the female, e.g. the silkworm
moth, lays fruitful eges without any sexual intercourse. In the
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 onee in four or five years, the drone paying for the
honour of her embrace with his life; the immense number of
eges 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 parasifism is 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
larvee ; 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 victim, 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 com-
posed of three segments, called respectively, prothorax, meso-
thoraz, and metathorax. The legs of insects are formed on
something like the vertebrate plan. The first or proximal portion
is termed the coxa, or hip; this segment unites with the thorax
by a ball and socket joint, permitting free movement in nearly
every direction. Next we have the femawr, or thigh ; and to
this succeeds the #ibia, corresponding to the leg of higher
anmimals. Lastly we have the farsus, or foot, which may consist
of one, but usually of many segments, the ultimate portions
being provided with a variety of apparatus to assist in loco-
motion. Thus, in some, the tarsus i1s terminated by hooks, in
others by suctorial dises which enable the creature to climb
easily up a-pane of glass, or to run in an inverted position. The
wings, which are membranous vesicles penetrated by the tra-
chese, 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 cireumstances, by the surface of the body. When the
anterior wings are chitinous, or leathery, they are called * elytra ;’
sometimes the posterior pair are converted into filaments, called
¢ halteres,” or ‘poisers.” When
a sting is present, it is generally
carried near the tail, which alzo
1s connected with the generative
OTZans.

The mouth of insects is a
most complex and wvariously
modified apparatus, but, as has
been mentioned 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,
a. Labrom or npper lip. . Labium g

or lower lip, with jointed palpi, ¢ and a lower lip, formed by con-

b ppailie With jointed palpl. . fluent maxille, also provided

with palpi, or the labium, of

which the lower fixed part is

called the mentum, and the upper movable part the ligula.

The suctorial mouth is formed by the great development of the

maxillee, each of which forms half a tube, the two cohering to

MasTicaTory MovTH oF INSEOT.
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form a spiral trunk, the proboscis, 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
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 be-
tween 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 Ezamples
- [ 1, Anoplura . . Lire.
AMETABOLA 2. Mallophaga . . Bird Lice.
| 8. Thysanura . . Spring Tails,
4, Hemiptera . . Elsmt Lice, Cicadas, Boat Flies.
rickets, Grasshoppers, Cock-
HeMIMETABOLA . 4 LS RpRere {[ mnche; . - -
T } Dragon ‘lies, Caddis Flies, Ter-
| 6. Neuroptera . | mite Ants, &ec.
7. Aphaniptera . Fleas,
8 Diptera . . . House Flies, Forest Flies, Gnats.
9. Lepidoptera . . Butterflies, Moths.
HoroMETABOLA . 4 10. Hymenoptera . DBees, Wasps, Ants.
i 11. Strepsiptera . . Streps.

{_11 Coleoptera . . DBeetles, Weevils, &e.

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

Orders Ezramples

1. Coleoptera ., . DBeetles,
2. Dermoptera . . Iarwigs.
3. Orthoptera . . Crickets.
MASNDIBULATA .4 4. Neuroptera . , Dragon Flies,
5. Trichoptera . . Caddis Flies.
l 6. Hymenoptera . Dees.
L 7. Strepsiptera . . Stylops.
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9. Diptera . . . Flies.
{ 10. Homoloptera . Forest Flies.
HAUSTELLATA .4 11. Aphaniptera. . Fleas.
12. Aptera . . . Lice.
13. Hemiptera . . Bugs.
14. Homoptera . . Plant Lice.

r’ 8. Lepidoptera. . Butterflies.

The former, depending as it does upon embryological charae-
ters, 13 the more reliable of the two.

Sub-class. AMETABOLA,

Order 1. Anoplura (dromlec, unarmed ; oipa, tail). Lice.
‘ Pediculi” Minute aptera. Mouth suctorial, but is also fur-
nished with sharp setous bodies which resemble mandibles; two
or no simple eyes ; parasitic. They are flat, semi-iransparent,
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 (pallde, a fleece ; pdayar, to eat).
Bird Lice, Minute parasitic apterous insects. Mouth masti-
catory, by which they destroy the down and soft feathers of
birds, on which they are chiefly found.

Order 3. Thysanura (#ioavoe, tassel ; oipd, tail). ¢ Spring
Tails,” or Podurse. Small aptera. Mouth masticatory. Jointed
organs of locomotion, situated on abdomen, formed of forked
caudal appendages or bristles, by means of which these crea-
tures are enabled to make astonishing leaps. The common
Podura is a very favourite microscopic object, on account of the
beautiful pearl-like scales with which its body is covered.

Sub-class, HEMIMETABOLA.

Order 4. Hemiptera (fu:, half ; mrepiv, wing). 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 mem-
branous, and the wings are folded over one another when not in
use. Prothorax shorter than mesothorax ; antennse small, and
five-jointed ; ovipositor with three-jointed blades. The Cochi-
neal insect is of great importance. It feeds on different species
of cactus, and from it some of our finest red dyes are procured,
and also the substance called shell-lac. In the Heteropterous
division, including the land and water bugs (Geocorisee and
Hydrocorisz), the anterior wings are membranous at free edge ;
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chitinous at base; antennw moderate, and five-jointed ; pro-
thorax largest thoracic segment.

Order 5. Orthoptera (ipfor, straight; mrepdr, wing).
Crickets (Achetina). Grasshoppers (Gryllina). Locusts (Locus-
tina), and Cockroaches (Blattina). 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 in grasshoppers ; raptorial in
mantis; cursorial in 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. Some of the creatures belonging to this
order are remarkable for the peculiar sounds they produce.
These noises are caused by the rapid friction of the long hind
legs against the wing. The sound produced by the grasshopper
1s believed to be the highest known musical note.

Order 6. Weuroptera (vsipor, cord ; wresir, wing), Dragon
Flies (Libellulids). Caddis Flies (Plioganeidse). May Flies
(Ephemeridse). Ant-Lion (Mygonelis), and the Termite Ants.
Mouth masticatory ; wings four, Fig. 25.
nearly equal ; exaphonous ; ner-
vures 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 struec-
tures, called * Termitaria,” which
are from four to five feet in
height, and as much in breadth.
Each Termitarium contains a
great many chambers, and com-
municates with the exterior by
long covered ways. The whole
structure is plastered together
by the saliva of the builder DIGEATIVE SYaTEM OF INGEOTA.

1 . The Termites carry th Carabus auratus.—1. (Esophagus,
e ek = 2. Crop. 3. Gizzard. 4. True di-

principle of the division of la- gestive stomach. 5. Coiled tubes,
trem . = probably homologons to the liver.

bl::ur t0 an ox _edegre 8 n kol 6. Intestine. 7. Clonca. 8. Ex-

tain members being devoted to cretory tubes, probably renal.

the defence of their habitation,
called ‘soldiers,” others, called *workers,” being absorbed in the
building and repairing of the citadel in which they dwell, and
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a single male and female being solely occupied in propa-
gating 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 converted into formid-
able hooked weapons, while in the workers they are rudimen-
tary organs. The king and queen are always kept strictly
guarded in the interior of the Termitarium, and are fed on a
special 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. Besides 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 distinct 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, but furnished with lancet-shaped mandibles and a
sharp styliform filament for piercing the skin ; wings rudimen-
tary, upon mesothorax and metathorax. The larva spins a co-
coon, and becomes quiescent in a fortnight. Imago emerges
soon afterwards.

Order 8. Diptera. House-flies (Muscee). Gnats (Culicidee).
Forest flies (Hippoboscee). Crane flies (Tipulide), and Gad flies
(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 ; ner-
vures not present in large numbers ; wings transparent ; antennze
small and three-jointed. Larva (common on meat, &e.), white
fat, lLittle, footless worms, with an indistinet head. Larva
sometimes in cocoon, sometimes chrysalis case. Eggs sometimes
even hatched within mother, e.q. Pupipara.

Order 9. Lepidoptera. (\ewic, scale ; mrepov, wing). But-
terflies and Moths. Mouth a coiled tube, like a whip, perhaps
measuring an inch in length, formed of maxille, surrounded by
muscular walls, for drawing juices from flowers ; palpi hairy and
large ; labium and mandibles rudimentary. Wings, four in
number, covered with scales, arranged in an imbricated manner ;
nervures longitudinal ; antennse many-jointed. Larva is formed
in caterpillars of thirteen segments. Mouth masticatory. The
labium is pierced by spinneret. Behind the thoracic legs there
are several soft-hooked abdominal legs or ‘prolegs,” which are
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never attached to fourth, fifth, tenth, and eleventh abdominal
segments.

The Diurnal Lepidoptera, or Butterflies, differ from the
Crepuscular Lepidoptera, or Moths, in their wings being held
erect when in repose, in the antennw 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 pups=
are generally encased in a cocoon.

Order 10. Hymenoptera (iuiv, membrane ; wreoév, wing).
Bees, Wasps, Ichneumons, Saw Flies, Ants. Mouth mastica-
tory ; maxillee and labium often suctorial ; eyes compound, with
three additional ocelli ; antennee filiform. The hinder part of
abdomen has three additional segments, two forming a case for
the third, called the oviposifor, which is sometimes a boring
organ or terebra, or sometimes a sting or aculeus. Many Hy-
menopterse are social—for example, Bees.

The colony of Bees is formed of the perfect female, ealled
the ‘queen bee,” many perfect males, the drones, and a swarm of
sexless bees, the neuters or workers. The queen-bee is impreg-
nated by a single congress with a drone, impregnation taking
place in a bag called the sperinothecn. She then begins to lay
eges, some only of which are fertilised ; these fertilised ova be-
come 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,
contains males, females, and neuters, but the perfect males work
equally with the neuters,

Ants (Formicidze) also found colonies, and consist of males,
females, and neuters. The metamorphosis of ants is very en-
rious. Males and females are both winged ; after impregnating
the female 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 littlé
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
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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.g. the Formica fuscaris 1s 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 (orpifuc, a twist ; mrepdr, a wing).
Minute, chiefly parasitie, insects, the males being differently
formed to the females. The female is 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. The best example is Stylops.

Order 12. Coleoptera (rxolicg, a sheath ; wrepiv, a wing).
Beetles. The mouth 1s a formidable masticatory organ. Ante-
rior 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 antennsge. Antennwm various ;
generally eleven-jointed. The tarsus is generally 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 Coleo-
ptera are nearly all rapacious in their habits, the majority feed-
ing on decaying animal and vegetable matter, but some feeding
on living animals, the Coccinella or Lady-bird, for instance,
living on green Aphides. We may look upon this order to a
great extent as the scavengers of the earth. This habit is best
exemplified in our own country by the burying beetle, Necropho-
rus, who will bury any portion of flesh or dead animal which
may be lying on the surface of the earth. In the buried flesh
the creature lays its eggs, and the putrefying substance affords
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nourishment for the larvee when hatched. The Watchman
beetle, Geotrupes, in the same manner buries the excrement of
living animals. The metamorphosis of Coleopterais figured in
the annexed diagram.

METAMORPHOSIS OF WATER-BEETLE (Dytiscus marginaliz).

&. Larva. b, Popa, ¢ 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,
p. Trimera, three-jointed tarsus,

1
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CHAPTER XTV.

Sup-BEixcpodM : AxsuLosa—Cnass: ARACHNIDA—PHYSIOLOGY OF
ANNULOSA.

ARACHNIDA. Spiders, Scorpions, Mites, &c. Annulosa,
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 in some is entirely soft, in others chitinous upon the
cephalo-thorax alone, and again in others hard and chitinous

Fig. 27.

ARACHNIDA.—DIAGRAM OF SCORPION TO sHOW ITS MORPHOLOGY.

. Cephalic ganglion. & Line indicating position of ganglionic chain.
¢, Intestine. 4. Anus, beyond which is the tail carrying the sting.
¢, Position of heart. J. Pulmonary sacs.

over the entire body. Limbs, when present, never exceed four
pairs ; two pairs (the anterior) alone developed. Eyes always
sessile and simple. Breathing aérial, and consequently mnever
by branchiz, but by branched tubes, ¢ traches,” or respiratory
sacs, or both, formed by involution of integument. The trachez
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 mandibles
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for prehension, and two maxillee with palpi. No wings. Many
Arachnida 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 chelee. Ali-
mentary 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 cephalie,
thoracie, and abdominal ganglia, well developed. Sexes dis-
tinct, except in Tardigrad:e.

Divisions: A. Trachearia, breathing by traches ; never more
than four ocelli,
i B. Pulmonaria, breathing by air-sacs, with or
without tracheae ; six or more ocelli.

A. Trachearie contain four orders :—Pautopoda, Lingua-
tulina, Tardigrada, and Acarina.

Order 1. Pautopoda. 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 are four in
number. Maxillee and palpi large ; female has sac for ova.
Sexes distinet; abdomen rudimentary. Sea Spiders are pro-
vided with long legs, and are often found lurking under stones
at low tide. Pyenogonum littorale, a parasite of fish, is the com-
monest example of this order.

Order 2. Linguatulina, or Pentastomida. Parasites found
in frontal sinuses and lungs of Vertebrates, Very like Taenize
in possessing no external organs when adult; when young, how-
ever, they have four limbs.

Order 3. Tardigrada, sloth animalcules; found in moss and
gutters. Monwcious; abdomen undeveloped. No heart, or
blood vessels, or respiratory organs. Four rudimentary limbs;
a suctorial mouth, with rudimentary jaws.

Order 4. Acarina. Parasitic and free Arachnida, compris-
ing Water Mites, Ticks, and Mites ; in this order too the Aearus
or Sarcotes Scabiei, or ‘itch’ insect is found. Cephalo-thorax
and abdomen one. Mouth suctorial. Four pairs of legs for
walking. In the ‘itch’ insect the two anterior legs have suckers,
and the posterior have bristles. The Ticks, Iwodes, have a
¢ rostrum’ or ¢ beak,” which pierces the skin, by which means
they fix themselves to sheep, dogs, oxen, &e. Demodex folliculi,
a little parasite, found in sebaceous follicles of man, belongs
also to this group.

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

Order 1. Pedipalpi, or Arthrogastra. Tracheal breathing
Arachnide with a well-segmented, but not clearly distinet ab-
domen.

Scorpionid= (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.,
Six, eight, or twelve eyes. Palpi large and chelate ; mandibles
also chelate. Pulmonary saes, four
on each side, open by stigmata on
ventral aspect.

Thelyphonide.,  Like spiders,
but no spinnerets ; cephalo-thorax
clearly separated from abdomen.
Palpi movable; claws not chelate.
No sting on the tail.

Phalangide. Harvest Spiders.
Long hooked palpi and very long
ungainly legs.

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

Solpugide (includes Galeodes).
Abdomen separate from thorax.
Mandibles chelate. Feet furnished

NERvOUE BYsTiM oF SPIDER. with ‘pﬂ;lpi,
To show its extreme condensation i
in this class, Order 2. Aramneida. Splders_

4. Central mass. bb. Encepha-  ~Ofty globular, unsegmented abdo-
tlzi:i:n ﬁﬁ]ﬂt EME;;MNT? men connected with cephalo-thorax
Thoracic ganglia and effe. DY apeduncle. Respiration by sacs
rent nerves. (two or four) and trachem. Egyes,

six or eight, simple. Mandibles

hooked and hollow, perforated by a poison duct, leading to a

gland situated at their base. Palpi never chelate. The webs

of spiders are spun by the aid of two secreting glands and spin-
nerets, just like the cocoons of silk-worms, a process which
has already been described.  Reproduction ; no metamorpho-
sls ; sexes distinet ; male, prior to sexual congress, applies his
palpi to the efferent ducts of testes situated on the abdo-
men, and draws thence a supply of spermatozoa ; he then

uses his palpi as an intromittent organ, and the spermatozoa

LNl = =T
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there contained then pass to the vulva of the female. The
commonest examples of this order are the Kpeira diadema or
geometrical garden spider, and the Tegenaria domestica or house
spider.

——rm ———

PaysionocIicAL PROCESSES OF ANNULOSA.

The physiological functions of Annulosa have been inciden-
tally referred to in the preceding paragraphs, but it is desirable
to supplement these scattered notices by a brief 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. [Inthe 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 1s siill
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 short, straight,
and simple.

The Annelida have a straight tube provided with ceecal
diverticula.

Cireulation.—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 sysfemic. The blood is not contained in proper
vessels, but 1s propelled into lacuna or spaces, whence it is col-
lected into large veins, which send it to the branchiz for purifica-
tion; from the branchize 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 lacunz 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 number of contractile
segments varies widely. In Annelida there is no true conirac-
tile vessel of any kind, but certain tubes exist, called pseudo-
hsemal vessels, which contain a corpusculated fluid, which circu-

lates throughout the body, and communicates with the exterior.
G 2
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These tubes have close analogies to the ¢ water-vascular ’ system
of Annuloida. They are always lined with cilia.

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

Aérial Respiration.—In the air-breathing Annelida small
sacculi are found in each segment beneath the envelope commu-
nicating with the exterior. In Myriapoda two small hard-walled
saes 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
is called fracheal. 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 trachem 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.

Aquatic Respiration.—The Crustacea and the Tardigrade
Arachnida are the only Amnnulosa which respire by means of
gills or branchize. These branchie 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 branchize 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 moist by the watery
vapour 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
Aphrodite.

Nervous System.—The comparatively large supra- and sub-
cesophageal ganglia give off nerves to the eyes, to the auditory
apparatus, to the antennse, where the sense of touch is loecated,
to the antennulse, where the sense of smell is supposed to re-
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side, and sensory nerves to the entire body. These ganglia are
the seats of sensation, of sensory-motor actions, and, to a certain
extent, 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 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
sympathetic system, while others assert (Huxley) that the
homologue of the vertebrate sympathetic system is to be found
in the principal 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 antennwe of some (ants), the
palpi and feet of others (spiders).

The sense of taste resides in the pharynx,

The sense of smell residesin the antennse in some, in the palpi
in others.

The sense of hearing usually resides at the base of the first
antenne ; in many insects a sac 1s found there filled with fluid,
and containing otoconia.

The Sense of Sight —Two kinds of eyes arefound : the simple
and the compound. The Orthoptera, Hemiptera, 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 open-
ing ; 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 im-
pression of external objects produced by such an organ must
necessarily be very vague.

The compound eyes have been already described.

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

Sup-RINGDOM : MoLLUscoIDA—CLASSES: AscInioipa, BrRACHIOPODA,
Poryzoa—PrysioLocy or MoLLuscoina.

MOLLUSCOIDA.

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.

They contain the following classes :—

1. Ascidioida.

2. Brachiopoda.

3. Polyzoa.

Class I. ASCIDIOIDA (dswie, a bag; ¢idor like). Synonym
Tunicata.

The Ascidioida are very singular-looking marine animals,
somewhat resembling a double-necked little leather bottle at first
sight. They are frequently grouped together in colonies, form-
ing compound Ascidians. The gullet, surrounded - by long
ciliated tentacles, 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 in-
testinal tube, which is flexed towards the heart, forming a haemal
flexure, asit is termed : after dilating into a stomach, 1t is con-
tinued up the body and opens near the oral aperture into a wide
cavity, the atrial chamber, which terminates in a prolonged ex-
cretory 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-

o i e g
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cally, and first propels the blood from behind forwards ; it then
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.

AsCcIDIoTnA. MORPHOLOGY OF ASCIDIANE.

A. Cynthie Papillosa, one of the Tunicata. B. Diagrammatic sectiom of
a tunicary. e Oral apertuve. b Pharyngeal or branchial sae with rows
of cilinted slitz. e, Alimentary canal making a hemal fexnre, . Anus.

. Atrial Aperture. . Nervous ganglion. g. Position of reproductive
OTEANE.

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

Fig. a0,

BoTRYLLUS, another group of Ascidians.

4. A cluster. B. Portion enlarged ; the same compounding has taken place
a5 in f6g. 1.

tail, which is of singular interest, inasmuch as some evolution-
ists see in this simple cellular structure the prototype of the
chorda dorsalis, which is the principal characteristic of the verte-
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brate sub-kingdom, and thus the simple Ascidian is credited with
a 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 generations
during their development : these curious compound Ascidians
swim about the tropical seas in long transparent loosely adherent
chains : from these, solitary Salpee are born, which never become
compound, but in turn give rise to a progeny which always as-
sumes the aggregated form. This was the first instance of the
alternation of generations ever noted, and when its discoverer,
W. Chamisso, gave it to the world, the curious fact was long

Fig. a1.

Phallusia mentula, one of the Tonicata. a. Oral aperture. 5. Nervous
ganglion. ¢, Atrial aperture. d. Stomach, &, Beophageal opening.
J. Heart. ¢. Anus. #. Endostyle. 4. Circlet of hooklets. &. Pharyn-
geal sac,  {, Projections into sac.

disbelieved. He described the phenomenon in these words, ‘ A
Salpa daughter is 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 oneside. Type-
forms, Ascidiade, Botryllide, &c.

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

Order 3. Asecidia Larvula. Permanent larval form, Ap-
pendicularia.
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Class TI. BRACHIOPODA are small bivalved marine Mol-
luscoida : they inhabit the profound depths of ocean, and are
strongly encased, to resist the great pressure of the water. Like
the Ascidioida they are stationary; but they never form into
colonies. The shell is secreted from a true mantle or pallium.
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 conducts into an intestine which, as a rule, ends in a
cul-de-sac. The intestine has a neural flexure, i.e. it is flexed
towards the nervous ganglion. The Brachiopoda possess a
singular bilocular organ, called a pseudo-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.

Fig. 82.

BricHIOPODA.

Tercbratula vitrea, a. The shell with its loop. &. To show the
ciliated arms,

Most of the Brachiopoda are fossil. The Terebratule and Lin-
gule are the most common living species.

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 per-
forated. 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
possess this system. A peculiar set of branched inoseculating
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. Each pseudo-
heart is divided into two, a ventricle and an auricle, by a mem-
branous septum. The ventricle communicates by a small open-
ing with the pallial cavity, and the auricle by a large opening
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with the bedy cavity; the auricle and ventricle are also them-
selves united. The function of this atrial system is disputed,
being looked upon variously as a respiratory, an exeretory, and
a reproductive apparatus. It cannot be regarded as a ciren-
latory apparatus, as some Brachiopoda, e.g. Terehratula, possess
in addition to the afrial 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
ceecally-ending intestine. Examples, Terebratula and Rhyn-
chonellida.

Order 2. Inarticulata: shell is not hinged, and the intestine
is proctous; mearly 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 ITI. POLYZOA (Bryozoa) form a large body of
compound coralline polyps, but must be carefully distinguished
from the eompound Hydrozoa which they resemble in many
features. Some are fresh-water animals, as e.g. Plumatella, but
the majority 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 distinct 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 zotvid. The separate zodids of a Poly-
zobn do not communiecate with each other as the zodids of a com-
pound Hydrozoon do, by the ccenosare. The alimentary canal
is loosely suspended within the Polyzoion, and can be protruded
and retracted at will from the body by a set of distinet muscles.
The zotids of Polyzoa are generally freely charged with car-
bonate of lime, but may also be either corneous or fleshy.

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

Flg. 33.

POLYZOA.

Bewerbenkia denza, 1. The animal with itz tentacula expanded. a.
Pherynx. b (Bscphagns. o Gizzard. 4. True digestive stomach. e
Pylorns. 7. Intestine. g. Anal aperture, 2. The zame animal re-
tracted into its cell. @« o. Muscular fascicoli. 8. An imperfect pemma
before the opening of thecell, o, Stomach, 4, A gemma budding from
the common stem.

Many Polyzoa possess very curious appendages, connected
with the ectocyst, and termed, from their close resemblance to
the beak of a bird, avicularia ; they are of microscopic propor-
tions, 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 they are in fact peculiarly modified zotids. Besides these
avicularia many Polyzoa possess other appendages, called vibra-
ewla ; these are long bristles, connected by a movable joint to




92 COMPARATIVE ANATOMY.

the Polyzoon, and serving like the avicularia for purposes of
defence, and also, by sweeping the body of the Polyzoin free of
noxious particles, for purposes of cleanliness. The ciliated
tentacles which surround the mouth of a Polyzotn are non-
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 calys. The tentacles are supported on a
dise, the lophophore, whose shape determines the classification
of the Polyzoa, e.g. it is horse-shoe shaped in the Hippoere-
pian Polyzoa, circular in nearly all marine, and in Paludicella
and Norvatella among fresh-water Polyzoa, and bilateral in
Pedicellarize and the majority of the fresh-water species.

Reproduction.—Monceeious. 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 gemmee 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 de-
velop into mature Polyzoa. When detached from the parent
colony, each larval Polyzoin 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 (pvAderoc, guarded; Maypoc,
throat). Marine and fresh-water Polyzoa, 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. Rhabdoplevrea, Marine : ceenecium 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.

Order 2. Gymnoleemata (yipuvoc, naked ; Aewdc, throat).
No epistome. Lophophore circular.

Family 1. Paludicellea. Fresh-water. Polypides completely
retractile. Subcalcareous. Evagination incomplete.

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

3. Cyclostomata. Marine. Cells tubular. No sphincter.
Calcareous.

4, (Ctenostomata. Marine. Setse surround cells. Cells dis-
tinet 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 Hydro-
soma.

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

Cells, Chambers which contain polypides.

Prvsiorocican Procgsses ofF THE MoOLLUSCOIDA.

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

Cirewlatory 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 lacunm. In
the compound 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 function. The Polyzoa possess no distinct circulatory
system.

Respiratory System.—In the 4secidioida the large pharynx is
ciliated, and acts as a respiratory organ. It is separated from
the exterior of the animal by a perivisceral space: the space
has slit-like openings passing into it 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 homologne
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.



94 COMPARATIVE ANATOMY.

CHAPTER XVI.

SUB-KINGDOM : MoLLuscA—GENERAL ViEw—CrLass: 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 manile. 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 joof. These ganglia are
termed respectively the cerebral, parieto-splanchnic, and pedal.
The gullet is surrounded by a nervous collar, and cominissural
cords connect the cerebral and pedal ganglia. The blood is
colourless, or nearly se. The heart is systemic, and consists of
two cavities ; the blood is contained in tubes. Except in the
highest Mollusca there is no trace of an internal skeleton. The

body is not segmented.

Respiration is sometimes aérial, sometimes aquatie, and con-
sequently while some Mollusca have gills, others possess air

Fig. 34.

DIsGRAM TO SHOW THR GEXERAL MORPHOLOGY 0F MOLLUSCA.

a. Digestive Bystem. & MHemal system. ¢ Fool. 4. Pedal ganglion.
e. Cerehral gunglion. f. Parieto-splanchnic ganglion.

sacs, 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




MOLLUSCA. 95

(multivalve) ; whatever its shape it is closely connected with
the function of respiration, and is formed as follows :—

The Growth of Sheils.—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 secre-
tion 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 circum-
ference 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 Mollusea. The principal ingre-
dient 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 porcellancous 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 Mollusea 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 lunale 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 wmbones, 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
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very elastic, and 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 intestine. Sometimes only the posterior one is present
(Monomyaria) ; more frequently both are present (Dimyaria).

Mollusca are divided into Lamellibranchiata, or headless
Mollusea (Acephalous Molluses), and into those which possess a
distinet head (Encephalous Mollusecs), 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.’

b i L

YERTICAL SECTION OF AXODON.

a. Rectum. 5. Yentricle, ¢ Pericardiom. o, Auricle. e. Ventricle.
J. Inner gill. g. Ounter gill, A. Mantle lobes, i Foot.

(Nass I. LAMELLIBRANCHIATA (lamella, a thin plate ;
Boayyin, gills) (Conchifera). Bivalve 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. Intestine performs
a newral flexure. The liver is large, and often bright-coloured.
Salivary glands not present. A blind sac contains a curious
body called the crystalline stylet, which often opens into the
stomach. Heart, always systemic, i1s 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 con-

|
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voluted tubes, lined with a secreting epithelium, and a capillary
plexus enclosed in the 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

Fig. 36,

MoRPHOLOGY O0F LAMELLIBRANCHIATA.

Mactra. a. Tnbe leading to siphong. b. Cephalic ganglion. ¢ and m.
Adductor muscles.  d. Parieto-splanchnic ganglion. e Ovary. 7 g.
h. Intestine. 1. Sftomach. The letter & on the left hand iz placed
upon the * foot. k. Liver. [.and ¢. Pedal ganglia. #. Nervons cord.
p. Mantle. r. Position of gills. s, Shell,

an indentation, the pallial sinus, which gives rise to the term
¢ Sinupallialia,” for Lamellibranchiata so characterised.

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,’

H
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is present in most Lamellibranchiata, though not so large as in
Gasteropoda. It is developed on the ventral aspect, and con-
tains many longitudinal retractor fibres. In some it subserves
locomotion (e.g. in Maectra) ; 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 rocks or other objects, In othersthe foot is a bur-
rowing organ, as in Pholades, Razor-shells, and Shipworms;
or it may be an organ for leaping, as in Cockles, or act as a
ploughshare, as in Unio.

In Reproduction the Lamellibranchs are dicecious, rarely
moncecious. 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. Ogysters lie on their side, with
the ventral valve placed undermost. Mussels are fixed to rocks
by the byssus. The Myades live in mud. Pholades and the
Lythodomi live in rock and wood respectively, into which they
have bored their way with their foot.

Lamellibranchiata are primarily divided into groups, accord-
ing to their possession or non-possession of siphons.

Division 1. Asiphonide. No siphons present. Comprise
Families of Ostreida, Aviculide, Mytilide, Arcada, Trigoniade,
and Unionide.

Division 2. Siphonide. Siphons present. .

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

Families. Chamide, Hippuritide, Tridacnide, Cardiadz,
Lucinida, Cyeladidz, Cyprinidz.

Subdivision 2. Sinu-Pallialia. Siphons long, and pallial line
indented.

Families. Veneride, Mactridae, Tallinide, Solenide, Mya-
cide, Anatinide, Gastrochanida, and Pholadide.
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CHAPTER XVII.

SuB-k1xepoMm : MoLLusca—CrLaAssEs : (GASTEROPODA, PTEROPODA.

Cluss II. GASTEROPODA (yasriip, belly; moig, foot).

This, the first-class of encephalous Mollusca, possesses, like all
the rest, a peculiar dentary organ, the odontophore. The odon-
tophore is a strap-like organ, studded with three or more 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 forward movements of
the odontophore are effected by distinet muscles. The teeth are
constantly renewed by fresh growths from the membrane be-
neath. The gullet leads to a capacious stomach, which is often
supplied with calcareous plates, for the purpose of triturating
the food. The intestine, which takes a hamal flexure in
Branchio-gasteropoda, and a newral flexure in Pulmo-gastero-
-poda, always terminates in an anus. The liver is large, and
salivary glands are always present. Most Gasteropoda move by
means of a powerful  foot ;’ in some, however, this structure
1s modified into a fin. The foot sometimes consists of three
distinet portions—a propodium, anterior portion for swimming ;
a mesapodivwm, middle portion with a sucker attached ; and a
metapodinm : occasionally the mefapodium, which is farthest
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 is 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 columells ; 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 concentrie, but more frequently it is a true spiral.

The heart of Gasteropoda is biceelian, and a capillary system
intervenes between the arteries and veins ; but the liver does

H 2
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not possess a distinet portal system as it always does in Verte-
brates. Gasteropoda are divided into two large sub-classes—
Branchio-gasteropoda, Mollusca, in whom the respiration is
aquatie, and Pulmo-gasteropoda, Mollusca with organs fashioned
for aérial respiration.

Sub-class 1. Brancuio-Gasterorpops.  The purification
of the blood in these aquatic animals is effected in one of
three ways—1. By a process of osmosis, the blood coming
in contact with the oxygen mechanically mixed with the
water, the exchange taking place through the medium of
the mantle walls, e.g. the FHeferopoda; 2, by tufted naked
branchize projecting externally, the Nudibranchiata ; and 3, by
branchise 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, In all

Fig. a7.

MORPHOLOGY OF GASTEROPODA,

Heliz communis. a. Tooth, & Mouth. " e Gullet. d. Crop. e Odonto-
phore. f. Btomach. g. Coiled termination of visceral mass. &£. Lung.
{. Benal sac. m. Heart. n, Foot.

the Branchio-gasteropoda the intestine takes a hsmal flexure.
The following Orders are comprised in this Sub-class.

Order 1. Prosobranchiata (wposiv, in advance of ; Bpayyia,
gills). Whelks, Limpets, Periwinkles, Cowries, Tooth-shells,
Ear-shells, &ec., &e.  Dicecious Molluses, with branchie 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 branchie are pectinated.
Marine carnivorous Gasteropoda, with the mouth produced into
a tube or siphon.
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Scutibranchiata. Haliotis, &e. The branchise are plume-
like, and the shell is notched for the passage of the anal siphon.

Cyelobranchiata. Limpets, Chiton, &e. Phytophagous Mol-
luses. The branchise are arranged in a circle between foot and
mantle, Shell either univalve, or, as in Chiton, multivalve.

Tubulibranchiata. Periwinkles. Phytophagous Molluscs.
Branchi are fleshy. The shell is tubular.

Order 2. Opisthobranchiata (a7 ¢ /e, behind ; Bpayyia, gills),
Sea Slugs, Moncecious. Gills arborescent, and more or less ex-
posed ; situated towards the hinder part of the body., The shell
15 often wanting.

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

TInferolbranchiata. Marine Gasteropoda, with branchiz below
the fold of mantle. Example, Pleurobranchus.

Nudibranchiafa. Marine Gasteropoda, with branchiz entirely
exposed on the back of body. No shell. Include Sea Lemons,

Plerocera, one of the Siphonostomata, seen within its shell, as if the shell
were transparent. «. Branchis. 6. Digestive tube. ¢ e Tentacala
carrying eves, and having the mouth between them, 4 and e, Margins
of shell. . Hinder part of the body.

and Sea Slugs, often found clinging to stones, or creeping by
foot along seaweed.

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 which the shell is
small or entirely absent ; and Atlantide, which possess a well-
developed operculated shell, into which the animal can com-
pletely retire at will. The Heteropoda are dicecious. An audi-
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tory sacis present, connected with the cephalic ganglion ; the
intestine is bent dorsally, and the foot consists of the three por-
tions, pro-, meso-, and meta-podinm.

Sub-class 2. PuLMoxo-¢AsTEROPODA. 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
is connected with the foot. In some of the Operculata, e.qg.
Cyclostoma and Pupina, the shell and opereulum are both spiral,
while in others, e.q. Acicula, the shell is elongated, and the
operculum subspiral.

Order 2. Inoperculata. Air-breathing Gasteropoda, with-
out an operculum to close the shell. In some of the Inoper-
culata, e.g. 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, Oncidiada (pond snails), there is no shell
at all,

Class T11. PTEROPODA (=repor, wing ; moiie, foot). 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
15 rudimentary, but the metapodium is sometimes provided with
an operculum. An auditory sac is connected with the foot.
Shell sometimes present, sometimes absent. Head very small,
but mouth is furnished with an odontophore. There is a pecu-
liarity about the position of the cephalic ganglion, it being
infra- instead of supra-cesophageal ; it is the only ganglion
detectable. The intestine takes a newral flexure. These small
creatures swim mnear the surface of the Arctic seas in wvast
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 (%ijky, sheaths; eapa, body).
Head indistinct ; shell external. Examples, Hyalea, Cleodora.

Order 2. Gymnosomata (yvuroe, naked ; sape, body).
Head distinet ; shell absent. Examples, Clio, Pnewmodermon.

¥
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CHAPTER XVIII.

Sve-ErsapoM: MorLusca—Crass : CEPHALOPODA—PHYSIOLOGY OF
MOLLUSCA.

Gr'.rws IV* CEPH&LDPDDA (r:-ﬂimlﬁ, head; ‘J'E‘-D-!-'r__‘, fl:h:lt:l.
Aquatie, free-swimming, or creeping Mollusca, enclosed in a
muscular mantle, and, if a shell exists, in a univalve shell.
The chief distingnishing features of the Cephalopoda consist in
peculiar modifications which the foot has undergone : this organ
is 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. DBesides 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 always with a horny beak, very like
a parrot’s bill ; the two beaks, however, move on an antero-
posterior plane, and not vertically, as is the case with birds.
The intestine performs a mnewral flexure. They respire by
branchize, which are either two or four in number. The integu-
ment contains pigment sacs, called cromatophores, which some-
times tint the weird animal with bright and variegated colours.
Many Cephalopoda, although destitute of an external shell,
possess an internal shell or rudimentary skeleton, which varies
in perfection. This is known as the ‘sepiostaire,” ¢ cuttle-bone,’
or ‘pen.” In the Loligo or common calamary the ¢shell” con-
sists of an ‘elongated, pen-like structure, composed of horny
material, perfectly transparent and flexible, being contained in
the centre of the dorsal portion of the mantle. In the Sepia,
however, the shell is in a much higher state of perfection, con-
sisting of an oval plate of calcareous matter, which evinces at
its broader and concave end a tendency to further development,
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and approaching somewhat to the condition of the shell of the
extinct Belemnite.

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 contract-
ing (when the surface of the sucker is applied to any object)
produces a vacuum beneath, and so enables the animal to form
a firm anchorage ; and, if the object seized be a living creature,
to exhaust its victim by the continuous cupping action of the
acetabula.

Fig- 394-

MorPHOLOGY OF CEPHALOFPODA.

Sepia officinalis, laid open to show viscera, &e. a. Foot. 5, Horny jaws,
¢. Principal ganglion. d. Salivary gland. e (Esophagos. . Liver. 4.
Stomach. A, Pyloric cemenm. 4. Ink bag. & Ovary. I Aperture of
atrial system, . Branchim. n. Oviducs, o, Cuttle-bone.

The powerful mouth leads to a gullet, this to a stomach,
and the intestine after bending neurally 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-bag,
is often present, containing a dark-coloured fluid, which the
animal ejects at will through a duct situated, like the anus, at
the base of the funnel. This is provided to render the animal’s
escape from pursuit more secure ; those Cephalopoda, such as

|
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the Pearly Nautilus, which are sufficiently protected by a shell,
do not possess an ink-bag.

ERespiration.—Two or four pairs of plume-like branchiwe are
situated within the pallial cavity, into which the sea-water is
admitted at one end, and expelled, through the funnel, at the
other by muscular contraction. The contractions occurring
rhythmically, subserve the double purpose of keeping up a cur-
rent of fresh water, and of assisting in locomotion ; the suc-
cussion caused by the expelled water driving the animal in an
opposite direction.

Circulation.—A large triccelian systemic heart is present,
which pumps the blood all over the body; it then passes
through capillaries into veins which conduct 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 distinct. Testes con-
tain 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 com-
pletely 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 i3 variously shaped, like a pen, the
gladius, as in the Loligo, or resembling a spoon as 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 in the Mesozoic strata, especially
in the Cretaceous series. Although the Argonaut and Nautilus
both possess external shells, they differ widely from each other
in many important points, In the Adrgonaut (the Paper Nanti-
lus), the shell is unilocular, and serves as a receptacle for the
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ova of the female ; it is therefore ¢ a nidamental shell :? it also
receives the hectocotylised arm of the male. The male is an
Octopus pure and simple. There is no vital connection between
the Argonaut and its shell.

In the Pearly Nawtilus, 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 from 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-
lishing a communication between the last chamber, in which the
animal dwells, and the apical one, the first formed. This tube
i1s 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 muscular contraction.

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

Order 1. Dibranchiata. Cephalopoda with two branchiee,
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 Poulpes (Octopodz) are formidable creatures, with eight
powerful tentaculated arms. They swim vigorously, by the
repeated and forcible ejection of water from the funnel, and
are extremely rapacious. Included in this class is the Argonaut.

The Argonant 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 deseription applies to the female
alone, the minute male not being protected by a shell at all.

Decapoda, or ten-armed Dibranchiate Cephalopoda, comprise
the Calamaries, Cuttle Fish, Spirulide, and the extinct Belem-
ntes.

Two of the arms are always longer than the rest, having ex-
panded extremities, armed with suckers or sharp hooks. Suckers
pedunculated. An internal skeleton is present, and there are
lateral fins, In the Calawmaries, or Squids, the skeleton, called
the gladius, is formed of a central shaft and two lateral pieces,
the whole being lodged in the mantle.

The Belemnites appeared for the first time, and in great
numbers, in the seas of the Liassic period. Of this Cephalopod
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we only possess the fossilised ‘bone.” This little slender bone,
the only vestige remaining to us, was merely the terminal por-
tion surrounded by the flesh of the body of the animal. The
ink-bag of the Belemnite has been found in a fossilised state.

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

The Pearly Nautilus, which is the sole surviving representa-
tive of this onee 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
its former chamber for a newer and lareer, 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 Ammonife 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.

Paysroroay or MoLLnusca.

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

The high degree of development in the internal organs of
Mollusca 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 Di-
gestion, 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
digestive stomach, the difference being that in birds, the diges-
tive 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
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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 tongue, but now is known as the odonto-
phore ; it is a strap-like organ, beset with teeth, and worked in
a rasping, file-like manner by musecular action.

The buccal cavity in all Mollusca opens at once into the
eesophagus, which dilates often into a crop ; below the crop we
find a strong muscular bag, the gizzard, which, in the most per-
fectly developed Mollusea, the Cephalopoda, is furnished with
two lateral digastric muscles ; there is another expansion 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 distinetion
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. Itissolid, lobulated,
and has two ducts : a portal venous system is never present. In
some Cephalopoda and Branchio-gasteropoda an organ resem-
bling a pancreas exists,

Cireulation. —The heart of Mollusca is either single or double ;
it i1s 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 cruorin, but is either
colourless, or has a greenish tinge ; it is, however, corpusculated.
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 capil-
laries, into returning channels or veins ; these veins then pass
to the gills, and present in the higher forms distinet pulsatile
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 entirely contained in vessels, but is pumped into
lacuns, or spaces, whence it is re-collected into vessels. In the
terrestrial Mollusca the heart is also single and systemie, but
the blood, instead of being collected into branchial veins, is
collected into vessels which ramify over the pulmonary air-sac,
and purify it there; thence it is returned info an arterial
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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 Mollusca (Pulmo-gasteropoda) are terrestrial and re-
spire 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, cephalic, pedal,
and parieto-splanchnie, have each special functions of their
own, The cephalic, representative of the vertebrate brain, is the
centre of all sensori-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 paricto-splunchnic ganglia
are the centres which preside over organic life, supplying the
branchia, the heart, and the digestive system, and may there-
fore be looked on as representatives of the sympathetic 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 re-
ceive 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
Cephalopoda, become gradually simplified as we descend the
Molluscous classes. In Cephalopoda the eyes are very large,
and eonnected 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
processes,

All the remaining Odontophora have eyes. In the Pteropoda
they are shaped like a bent cylinder. In the Pulmo, and
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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.q. 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 cephaliec ganglion, as in Cephalopoda, &e.,
or from the pedal ganglion, as in most of the remaining Mol-
lusca.
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CHAPTER XIX.

SUMMARY OF THE UDMF:\.RATI\-’E PruysioLoGy oF INVERTEBRATA.

In this chapter a general summary of the physiological pro-
cesses of Invertebrata is given, being of the nature of a reca-
pitulation of the preceding chapters.

PrEHENSILE OrRGANS. Protozoa.—The unciliated Protozoa
obtain their food by direct imbibition. Spongide and Infusoric
by the currents induced by the vibratile cilia.

Ceelenterata. The non-ciliated oral tentacles of the Hydrozoa
and A4 ectinozoa constitute the sole prehensile organs.

Annuloida. Scolecide obtain nutriment by general absorp-
tion through the body walls, or by a special suctorial apparatus.
Rotifera 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 chelw, or claws of the Crustacea, the haus-
tellate or masticatory mouth of Insecta, the tentacles of the lob-
worins, 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 Cepha-
lopoda, is grasped by the suckers attached to the waving arms

or feet.
TeerH.— Neither Protozoa nor Ceelenterata possess teeth,

but Nassula, and some other Ciliate Infusoria, possess an in-
ternal eylinder of parallel rods for the mastication of their food.

Annuloida. Scolecide 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.’
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Annulosa. The leech possesses three semilunar serrated
teeth, implanted in the muscular walls of the mouth ; the remain-
g classes possess no teeth, but their mandibles and maxillae
are often very dense and chitinous, and form efficient cutting
organs ; the different pieces are always worked transversely.

Molluscoida have no teeth.

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

SALIVARY GLANDS.—Neither Protozoa nor Coelenterata
possess such organs.

Annuloida. Fechinodermata are furnished with caecal 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.

Annulosa. 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.

Mollusceida do not possess salivary glands.

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,
where we find a large depression or mouth leading to a short
czeal tube, called the gullet.

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

Annuloida. Scolecida. The Taniada 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
possess a complete canal, with both mouth and anus. The Tur-
bellaria 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
digestive tube, having a mouth at one end and an anus at the
other ; it is often branched, or regularly sacculated. The Earth-
worms possess a curious cmeal tube in their intestine, the use of
which is unknown, and which is called the typhlosole. Myriapoda
possess a very similar alimentary canal to the former, it being
straight and simple in the carnivorous varieties, straight and
sacculated with ceecal diverticula in the vegetable-feeders.
Crustacea, at least the higher forms, are supplied with a gullet
which conduects 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 ceecal 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 erop ; the intestine, too, is often furnished with two
ceca.  In the imago the mandipulate 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. Ascidioida 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

I
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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 forepart 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
membrane, 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.

Tae DicesTivE GLANDS.—Protozoa do not possess any
organs homologous to the liver or pancreas.

Coelenterata 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.

Annuleida. The simplest form of liver is presented by the
single long follicle, which opens into the intestine in Trematoda ;
the remaining Scolecida do not possess any such organ.  Echi-
nodermata occasionally possess some secreting cells in connec-
tion 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 Annelide 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.

Melluscoida. Polyzoa possess small hepatic tubules. As-
cidioida are furnished with a small glandular liver, while in
Brachiopoda it is large and minutely lobulated.

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

Orcans 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

F 3

o o e s i W) o e 2 e ™ i



PHYSIOLOGY OF INVERTEBRATA—SUMMARY, 115

oo to distant parts of the organism. The fluid which these
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 eontrived
to answer the double purpose of respiration and eirculation.
These water-vessels are little ciliated tubes, which communicate
at some point with the exterior. In the Scolecida 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 Echinodermata chiefly subserve
a locomotive purpose.

Annulosa. In the Annelida there is no distinet heart or
blood-vessels, but there iz 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 wvascular
tubes. In addition to this, Annelida possess a more corpuscu-
lated fluid, which is contained within freely ramified tubes, with
contractile spaces on hearts placed at intervals. This is the
psewdohainal 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 pseudo-
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 cireulatory appa-
ratus. The typical arrangement is the following : there is a
dorsal contractile and segmented vessel, which propels the blood
towards the head ; after feeding the entire body, this blood is
exposed for purification to the oxygen of the air or water, and
after undergoing that process is returned to the heart. The
chief modifications 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
Myriapoda, fewer in Insecta and Avachnida, and fewest of all
(indeed, there is only one contractile cavity often) in the
Crustacea. In the latter class there is a dorsal heart, e.g. in the
lobster, consisting of a single ventricle, placed beneath a venous
sinus, which pumps the blood all over the body, returning
through lacunse, 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 systemic arteries, which are called from their destination,

ophthalmic, hepatic, antennary, and ventral or sternal arteries.
1.2
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The Scorpion is the only annulose animal with a distinet ventral
vein,

Molluscoida. The Adscidioida possess an unvalved heart,
which first pumps the blood one way and then another. In the
compound Ascidioida this aberrant style of cireulation is carried
on through the stolon or common foot-stalk. Drachiopoda
possess a valved heart, which is systemic in action.  Polyzoa
have no circulatory organs whatever, but obtain their nutritious
fluid like Coelenterata 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 lacuns in the perivisceral cavity before
going to the gills or air-sacs, according to the aquatic or terres-
trial habits of the particular Gasteropod. Pteropoda possess
circulatory 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 aorte, one
going to the head, and the other distributing blood to the rest
of the body, pass from the single ventricle ; the arteries terminate
in capillaries, their only appearance in the Invertebrate king-
dom, 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 Inverte-
brata, the vascular system of the latter must be regarded as
representing both the hsemal and the lymphatic system of
Vertebrata. The Invertebrata, though frequently possessing
hepatic arteries, which are given off directly from the aorta,
never possess a portal venous system, nor is the blood, although
corpusculated, ever red, 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 distinet 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 nourishment directly from the simple chemical
elements, after the fashion of plants. Gregarinide and Rhizo-
poda probably directly absorb oxygen through their delicate body
walls. Infusoria keep up a superficial current by ciliary action,
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and the almost rhythmical contraction of their contractile spaces.
Spongida also maintain a continuous afferent and efferent flow
of oxygenated water through the pores and oscula by means of
their ciliary lining.

Coelenterata. The gonocalycine canals probably subszerve a
respiratory purpose in those Cwelenterates who possess them ; in
others, oxygen is directly absorbed into the tissues by the law
of dialysis.

Annuleida. 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 respiratory tree, which is situated
within the body of the animal, projecting into the perivisceral
space, and communicating with the common cloaca.

Annulosa. BSome Awnnulosa are aquatic, others are aérial in
respiration. Aguatic Annulose breathe by branchie 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 Polynz. The Crustacea, ex-
cept the very lowest, such as the Pycogonida, which have no
differentiated respiratory organs, and the aquatic Arachnida,
respire by branchize situated in a branchial chamber. The
lobster, e.g., has twenty-two flattened branchize 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. Aérial Annu-
losa. The air-breathing Amnnelida, such as the earthworm and
the leech, respire by means of little sacculi, 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
elastie 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
stigmata.

Arachnida possess air-saes often plicated, and communicating
like the tubes in Myriapoda with the exterior by means of stig-
mata. The water spiders are aérial in respiration, carrying down
the necessary oxygen to their dwelling-places after continuous
journeys to the surface.

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

Molluscoida. 4scidicida possess a large respiratory sae, or
atriwm, through which water is being constantly passed by ciliary
action.  Brachiopods breathe by vesicular inflections of the
mantle. Polyzoe maintain a current through their hollow ten-
tacles and the perivisceral cavity by cilise, 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 branchize float free in the water. Branchiogastero-
poda sometimes respire directly by the skin, as e.g. in some
Nudibranchiata, but generally by fringed gills, which are placed
in the last coil of the univalve shell, and to which the water
1s admitted by a tube or by a large patent mantle. Ptero-
poda breathe by laminar gills, placed either inside or outside
the mantle. Cephalopoda possess one or two pairs of large
branchise, 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 Pulmogasteropods alone among
Mullusca respire air ; in them a large sac is placed beneath the
shell, and communicates with the air by a slit on the left side of
the neck. The sac is lined with cilia, and freely supplied with
blood-vessels.

NERVOUS SYSTEM.—Protozoa. In none of the Protozoa has
anervous 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. Fehinodermata 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 cephalie ganglion, a
nervous collar embracing the cesophagus, an infra-cesophageal
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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 of
the preceding sub-kingdoms, a certain ideational or volitional
power. The nervous system of Annulosa is much more con-
centrated in those members of the group which have the seg-
ments 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-
gpots, and the body-walls. It is reflex in function.

Mollusca. The typical arrangement of the nervous system
in Mollusea is not unlike that of Annulosa, viz., there 1s a
cephalie, a pedal, and a parieto-splanchnic ganglion, which are
connected by commissural fibres. The cephalic ganglion repre-
sents the supra- and sub-cesophageal ganglia of Annulosa, and
transmits nerves to all the organs of sense and all the parts
aboutrthe 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 Mollusea comprise slight powers of volition,
as well as the usual reflex functions, such as excito- and sensori-
motor powers.

THE OrcaNs 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.

Ceelenterata. Sight. The Medusa are provided with pig-
ment spots and a lens-like body, situated in the borders of the
disc, in contiguity with the lithoeysts, and in connection with
a nervous ganglion. Other Ceelenterata possess eye-spots alone,
without any lens.

Hearing. Most Ceelenterata, but particularly Medusze, pos-
sess numerous lithocysts, little sacs with calcareous particles,
situated round the border of the dise.

Touch. The thread cells are not organs of touch so much as
destructive weapons of offence.

Smell does not exist,
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Annuloida. Sight. Echinodermata, a few Scolecida, and
all the Rotifera are supplied with eye-spots, which are placed
near the principal ganglion.

Hearing. Nearly all Annuloida are destitute of organs Of
hearing ; but a few Rotifera, and the Turbellarice among Sco-
lecida possess a single au{lltur}r 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. Amnnelida 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 nervous 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
Neritis, The Leech has ten of these eyes, the Neréis and
Eunice have each four. Myriapoda. Some are blind, but most
possess simple eyes, aggregated together to form the conglo-
inerate 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. Chrustacea. 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 70.
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.g. 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 gan-
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alion of the same side, and not reversed, and then corrected, as
in the eyes of Vertebrata.

Hearing. Most of the Annulosa possess acoustic organs.
Annelide have two anditory sacs in connection with the nervous
collar, which surrounds the wsophagus. Myriapoda are stated
not to possess any organ of bearing. Crusfacea possess auditory
sacs, with contained otoliths, or otoconia, placed at the base of
the first pair of antennzm. These sacs are in communication with
the submsophageal nervous ganglion. Arachnida have not been
shown to possess an auditory apparatus. Insecta possess audi-
tory sacs, generally filled with fluid, and containing calcareous
particles, which are variously situated ; e.g. 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 antennse, and in some
Locusts upon the chief segment of the first pair of legs ; thus
some have legs, others bodies, and others again antennse, 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.q.
bees in search of distant clover, exhibit the possession of the
sense of smell as well as of hearing.

No special organs of fasle or touch are present, but the wings
of many Annulosa are highly sensitive organs, as are the an-
tennge 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 sitnated either at the base, e.g. Limnaus, at the
widdle, e.q. Haliotis, 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,
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a provision for increasing the refractive power of this body in
the Cephalopoda.

Hearing. All Mollusca 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-
tilage, and surrounded as well as filled with fluid. The auditory
nerves are large, and expand npon the auditory sacs.

Smell. The sense of smell probably resides in the tentacles
of many Mollusca, but in Cephalopoda there are two little
sentient papillee 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.

Orcaws or Excrerion are known to exist among the In-
vertebrata, becanse uric acid has been found in the Annulosa
and Mollusea and guanin in the Ccelenterata, but our knowledge
of their morphology is still imperfect.

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

Cceelenterata 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
probably partially exeretory in funection.

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 re-
garded as the representative of the liver.

Molluscoida do not possess specialised renal organs.

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

Mope AND ORGANS OF REPRODUCTION. 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 multiply
fissiparously or gemmiparously.

Cceelenterata. [Hydrozoa. DMale. Spermatozoa lodged in
small conical projections of ectoderm, and emitted from their
apices. [Female. Similar projections containing ova placed
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lower down ; the liberated ova are at first cilated. Besides this
sexnal reproduction, Hydrozoa multiply by gemmation. Acti-
nozoa. Similar organs are present to those of Hydrozoa, but
placed on the mesenteries and not growths of the ectoderm.

Annuloida. Scolecida. Twrbellaric: hermaphrodite. Male
organs. Two long tubular tests with penis lodged in a sac.
Female organs. Ovaries not distinet, but ova scattered about
the body. Two branching oviducts lead to a single external
opening tube or vagina. Trematode. Hermaphrodite. OUrgans
very large. Male. Convoluted tubular testis, whence one duct
runs to the oviducts, and two ducts lead to the penis, which is
lodged in asac. Female. Ovary near ventral sucker. Vitel-
laria, or yelk-supplying organs, which run into ovary, near the
commencement of the oviducts ; the oviducts expand to form a
uterus, and contract again to form a vagina. Metamorphosis
very comunon, which is described at page 39. Taniada, herma-
phrodite. Male. Vesicular testis lodged in branches of den-
dritic ovary, and evertible penis lodged in a sac. Female.
Much-branched ovary, oceupying 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 alterna-
tion of generation, vide page 39. 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
spermatozoa produce impregnation of the ova : the egg is en-
closed in a strong case, which finally hardens into a shell. No
metamorphosis 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.
Eehinodermata. Hermaphrodite as a rule. Male. Testes in
each ray with vasa deferentia. Female. Ovaries in each ray
with oviduets, 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 ex-
truded through genital pores which open on the surface. My-
rigpoda. 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.
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Many hermaphrodite ; in many others, however, sexes distinet.
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 ambula-
tory limb by a single tube. Development often takes place
thrdugh 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 distinet as a rule. Male. Tubular testes often very much
complicated ; these organs are in connection with convoluted
reservoirs, or vesicule 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-
duets, which open into a single uterus and give succession to a
vaginal orifice. A spermotheca, or germ-reservoir, is in con-
nection with the uterus. Most Insecta pass through a meta-
phosis of larva, pupa, and imago, for details of which see page
67. Arachnida. Sexes distinet. Male. Testes abdominal, and
efferent ducts open between thorax and abdomen : semen is con-
veyed 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. Ascidioida. Hermaphrodite. Male and Female
organs very similar and much interwoven. Reproduetion is
sometimes by gemmation, sometimes by union of sperm and
cgerm cells. Brachiopoda. 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 cir-
cular with duct. Impregnation internal, and polyzoon con-
siderably developed before the ovum 1s extruded ; the embryo
escapes through a rent in the body-wall and not through a duect.
Reproduction sometimes by union of sperm and germ cell, some-
times by gemmation.

Mollusca. Lamellibranchiata. 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 branchiw, or in cloaca, or outside the parent. Gastero-
poda. Monecious and dicecious. Male organs. Tubular con-
voluted penis, vasa deferentia, evertible penis. Female, Tubular
ovary, oviduets with spermotheca attached, and vaginal outlet..
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The egg is often covered with much albumen, which serves as
yelk food. Pteropoda. Hermaphrodite. Cephalopoda. Sexes
distinct. Male possesses a hectocotalytic arm, which holds a
sac filled with spermatozoa ; this becomes applied to the oviduct
of the female, and the arm, with the contained sac, is left
adherent to the female. Female. Ovary, oviduct, nidamental
gland all present; the generative opening is in the branchial
chamber.
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CHAPTER XX.
TanvrAr ViIEw oF THE Prixciearn Divisioxs oF THE [N VERTEERATA.

SUB-KINGDOMS, CLASSES, AND ORDERS OF INVER-
TEBRATA.

Sve-Kmwepom I. PROTOZOA.
Class I. GREGARINIDA.

Class II. Ruizoroba.
Orders.
1. Monera. !
L0 Lﬂbfﬂﬁ. i
3. Reticularia. i
4, Radiolariu.

Clazs IT1. Sroxcipa.

Class IV. IsrFusoria. 1

1. Ciliata.
2, Suetoria.
3. Flagellata. !

Spp-Kixconos II, CCELENTERATA.

Class 1. Hyprozoa.

1. Hydrida.
{'2. Corynida.
3. Sertularida.
4. Calyeophorida,
Sub-class B. Syphonophora . . {5‘ Physophorida.
Sub-Class C. Discophora .+ 6. Lucernarida.

Sub-Class A, Hydroide

Class II. Acrtinozoa.
1. Zoantharia.
2. Aleyonaria.
3. Rugosa.
4. Ctenophora.

Sue-Kixegpom III. ANNULOIDA.

Class 1. ScoLEcIDA.

1. Tweniada.
{2. Trematoda.
3. Turbellaria.
{4. Acanthocephala.

Sub-Class A. Platyelma .

Sub-Class B. Nematelmia 5. Gordiacea.
6. Nematoidea,

Sub-Class C. Rotifera . . . 7. Rotifera




DIVISIONS OF INVERTEBRATA.

Class [I. EcCHINODERMATA.

Orders.
Fehinidea.
Asteridea.
Crinoidea.
Ophinridea.
Holothuridea.

o B
- " ] " "

Svp-Kixgpom IV. ANNULOSA.

Class I. AXNELIDA wel ANARTHROPODA.

. Errantia.
. Tubicola.
. Terricola.
. Suctoria.
. Grephyrea.

S b S0 D

ARTHROPODA.

Class I. CRUSTACEA.

1. Podophthalmia.
2. Edriophthalmia.

3. Stomapoda.
4, Branchiopoda.
5. Ostracoda.

6. Cirripedia.

7. Copepoda.

8. Merostomata.
4. Trilobita.

Class [I. MyRrIAropa.

1. Chilopoda.
2. Chilognatha.
3. Pauropoda.

Class ITI. IxsecTa.

j 1. Anopleura.
Sub-class A. Admetabola - = 2. Mallophagi.
3. Thysanura.
4. Hemiptera.
{ . Orthoptera.
. Neuroptera.
. Aphaniptera.
. Diptera.
. Lepidoptera.
10. Hymenoptera.
11. Strepsiptera.
12. Coleoptera.

Class IV. ARACHNIDA.

Sube-cluss B, Hemimelabola

B0 00 =1 O N

Sub class C. Holometabola .

1. Pautopoda.
2. Linguatulina.
3. igrada.
4, Acarina.

4. Pedipalpi.

6. Araneina.

12
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Sve-Kixepoxm V. MOLLUSCOIDA.

Class I. AscIipinIDA.

Orders.
1. Branchialia.
2. Botryllida,
5. Appendicularia.

Class II. BrAcCHIOPODA.

1. Articnlata.
2. Inarticulata.

Class I11. PoLyzoA.

1. Phylactolmata.
2. Gymnolmemata.

Sve-Kmvepon VI. MOLLUSCA.

Class I. LAMELLIBRANCHIATA.

1. Siphonida.
2. Asiphonida.

Class II. GASTEROPODA.

1. Prosobranchiata.

Sub-Class A, Branchio-Gasteropoda ‘I 2. Opisthobranchiata
8. Heteropoda,

Sub-Class B Pulmo-Gasteropoda . {3 (roberiuiate

Class III. PrEROFODA.
1. Thecozomata.

2. Gymnosomata.

Class IV. CErHALOPODA.

1. Dibranchiata.
2. Tetrabranchiata
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CHAPTER XXI.

Sve-KixepoMm: VERTEBRATA—GENERAL CHARACTERISTICS —
SKELETON WITH ITs HOMOLOGIES.

VERTEBRATA. Definition. Animals that possess a vertebral
column, formed by the coalescence of vertebrme ; 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
notochord. 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 distinct inlet and outlet. The nervous
system is much more largely developed than in the highest of
the Invertebrata ; it islodged in the wvertebral 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 hemal system ; 2,
the alimentary canal ; and 3, most anterior of all, the nervous
system. If now a transverse section be made of any vertebrate
animal, it will be seen that the organs are contained in two
quite distinet tubes, the anterior of which conforms to the
single tube of invertebrates, the posterior being a completely
fresh structure and containing a spinal ecord and brain. The
anterior and larger tube, although it possesses the same struc-
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 heemal system, and
in front of all to the alimentary canal. It must, however, be

K
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conceded that although the nervous system of Invertebrata is
homologically represented by the ganglionic or sympathetic sys-
tem of vertebrates, yet the nervous system of an invertebrate
performs many functions of a reflex character, such as sensori-
motor, excito-motor, and even ideo-motor actions, which in verte-
brates are performed by the cerebro-spinal system alone ; from
which it follows that, analogically, the nervous system of In-
vertebrata represents both the ganglionic and the cerebro-spinal
system of vertebrates.

The blood of vertebrates is always red—exceptin 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 ;1. of an inch
in length ; in the latter they are but 3l of an inch in dia-
meter.

Circulation.— Although the heart of a vertebrate may con-
tain two cavities (fishes), three (reptiles), or four cavities (birds
and mammals), it is, nevertheless, always a respirafory 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, ac-
cording as the animal possesses an aérial or aquatic respiratory
apparatus. Taking man as our type, the course of the circulation
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, whenece 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,

1 Professor Hanghton caleulates i equal to lifting 124-208 tons
that the total work done by the  through one foot of space.
heart of man in twenty-four hours
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nor do they ever subserve the functions of limbs, as they so
often do in invertebrates.

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 ganglionie 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 awial

Disgran OF A TYPE VERTERRA, FROM OWEN.

N, Neural Arch. & Hemal Arch. The Centrum is placed between
gand k. ¢ ¢. Nenrapophyses. b. b, Diapophyses. a. Neural spines,
d. d. Pleurapophyses. e e. Hemapophyses., . Hiemal spines.

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 verte-
bra, serially arranged, which are variously modified to subserve
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 theve is a typical or archetypal vertebra toward which
all vertebrs are tending and striving, but merely for the sake

of convenience of description. A typical vertebra, then, con-
K2
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sists of the following parts:—There is, in the first place, a
central mass called the body or cenfrwm, from which extends an
upper and a lower bony arch ; the upper lodges the spinal cord and
is called the newral arch ; the lower contains the vascular system,
and is termed the hamal arch ; spinous processes called respec-
tively the newral and the hemal spinous process project from
their respective arches. The neural arch consists on each side
of two connected pieces, the diapophyses and the newrapophyses,

The hemal arch likewise presents for our examination two
bones, the plewrapophyses and the hemapophyses. 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 diapophyses constitute the
laminge, and the neural spine gives attachment to the muscles of
the spine ; the haemal arch contains the heart, great vessels, and
lungs, and is made up of pleurapophyses or ribs, hemapophyses
or costal cartilages, and a haemal spine, or sternum. The two
upper and two lower, or pre- and post-zygapophyses are joined
to similar processes on the vertebrsee 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 cervieal,
dorsal, lumbar, sacral, and coccygeal, or, in other animals,
caudal vertebrse. The cervical and lumbar vertebrz 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 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 cerviecal ver-

1 The elements of a vertebra are  spine on the upper arch, and the
those parts which develop from a  pleurapophyses, the h®mapophyses,
separate centre of ossification, and  and the hemal spine on the lower
are therefore called °autogenous.” arch. The processes are the dia-
The processes of a wvertebra grow  pophyses, the parapophyses, the
from already ossified parts, and are  zygapophyses, the anapophyses, the
therefore termed ‘exogenous.” The  metapophyses, the hyapophyses, and
elements of a vertebra are the cen-  the epapophyses.
trum, the neurapophyses, the neural >
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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 vertebrse are almost in-
variably seven in number, whatever the length of the neck,
whether it be extremely long like that of the giraffe, or like
that of the porpoise, reduced to a minimum ; the exceptions
being the three-toed sloth, which has nine cervical vertebree ;
the two-toed sloth, and the manatee, which have six. In
Sauropsidans the number is greater, and sometimes there are as
many as twenty-five, as in the swan. In Batrachia there is
but one cervical vertebra, and fishes cannot be said to possess
any.
In the dorsal region the neural spines are very long and
overlap, so that very little movement is possible here; the
heeimal arch, however, is present, and is very large. The dorsal
vertebrse vary very much in number ; man, and the majority,
have twelve, the elephant twenty, the two-toed sloth twenty-
four, one of the armadillos, ten ; some birds having a very small
number, nine, seven, or, as in Ciconia alta, only three,

In the lumbar region the hsemal areh is again suppressed ;
the bodies are very large and massive, to support the inereased
weight of the trunk, and the neural spines are horizontal, sc
that the bones enjoy considerable freedom of movement. The
number of lumbar vertebre 1s variable. The average number,
as in man, is five. The largest number in quadrupeds is nine, as
in the slow-lemur. The number may rise to twenty-four, as in
the dolphin, or fall as low as four in the apes, three in the two-
toed sloth, or two in the monotremata.

The sacral vertebrse are welded together to form a single
solid wedge-shaped bone, the sacrum, which lodges the termina-
tion of the cord, and supports the pelvis, to which are attached
the lower limbs. The sacral vertebra, which number five in
man, may rise as high as twenty in the ostrich. The highest
apes have six, and one of the armadillos ten. In hirds the
number usually falls as low as three. The sacrum is wanting in
fish with the exception of the turbot, which makes an attempt
at the formation of a sacrum by the union of two coceygeal
vertebrae,

The coccygeal vertebrze vary more than those of any other
region of the spinal column. In the human subject we usually
find five segments in this region ; this may be reduced in the
maggot to three, in some bats to two, and in the frog to an at-
tempt at a coccyx caused by ossification of the membrane
surrounding the notochord, On the other hand, it may be in-
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creased to forty-six in the manis, in the spider-monkey thirty-
three, and in some sharks it may even reach to 270 separate
vertebree,

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 wvarious erania. 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
segments become less and less like vertebrse, It is, however,
the belief of many naturalists that the entire eranium is made
up of modified vertebra ; others, on the contrary, consider that
the eranial vertebra 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 com-
position of the skull, still taking man as our type, before refer-
ring 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 bones—four
single and two double.

The Occipital bone forms the occiputor back of the head ;
it is not unlike a large scallop shell, with a hole as big as
half-a-crown at the base. The hole is the foramen magnum,
and transmits the commencement of the spinal cord and its
membranes, two vertebral arteries, and the two spinal accessory
nerves. On either side of this foramen, the condyles are placed,
which articulate withthe cups on the atlas, The bone in front of
the foramen magnum is united to the body of the sphenoid, which
is the next succeeding segment. Behind the foramen the oc-
cipital 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
enrved bones, articulating with each other on the top of the
slull, joining the occipital behind, the frontal in front, and the
temporal and sphenoid below.

The Frontal forms the forehead, and the upper part or rocof
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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
middle line of the base of the skull, the apices of the two pyra-
mids 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 ocei-
pital and the parietal segments, are full of importance, and,
must be specified. The upper part of the petrous porfion, seen
from within, surmounts a little depression of the middle ear,
the ‘ fenestra ovalis,” and is called pro-ofic (wpé, before oig, ars-,
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 (6mists
behind). The mastoid portion, which also contains the superior
semicircular canal, is the epiotic (¢=i, above),

The Sphenoid (s¢4r, 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
sella turcica, 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 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 (i8pdc, a sieve)is placed in front of the Sphenoid
bone ; it forms the septum of the nose, and contains the organ
of smell. Its upper eribriform plate is placed at the base of the
skull, the central plate which hangs down is the vertical 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 Mawillary bones, called in Anthropotomy superior
maxillary, form the chief part of the upper portion of the face.
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They complete the mareins 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 inte-
rior called the Antrum of Highmore.

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

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

The Fomer is a single median bone, regarded by some as
heing 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 maxillze.

The Mandible, or as it is called in Anthropotomy, Inferior
Muawilla, is a single bone, and forms the lower jaw : it lodges
the teeth, and is articulated by a movable joint to the temporal
hone of the skull.

Now looking upon the cranial skeleton as made up of verte-
brze, 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 vertebrse, each lodging a distinet
part of the nervous centres, and termed from behind forwards,
the occipital, parietal, frontal, and nasal vertebrz ; the corres-
ponding portions of encephalon being termed epencephalon, mes-
encephalon, prosencephalon, and rhinencephalon.

The neural arch of the occipital vertebre consists of a cen-
trum, the basi-occipifal, two neurapophyses, the ewoccipitals, a
neural spine, the superoccipital, and two diapophyses, the pasr-
occipitals. In man all these are blended into one bone, the
oceipital. The hsemal arch of this same vertebra consists of
the pleurapophyses, the supra scapula, and scapula, and the
hemapophyses, the coracoid bone. The whole arch is called the
scapular arch, and supports the upper limb, which is thus sup-
posed to be appended to the occipital bone, such being actually
the case in many Fishes.
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The neural arch of the parietal vertebra consists of a centruin,
the basisphenoid, which is connected by bone with the basi-
oceipital ; 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 oceipital vertebra. The hamal arch con-
sists of a double pleurapophysis, the separate pieces being called
(in fish) the stylohyal and epihyal, a hmmapophysis, or cerda-
tohwal, and a hemal spine, the basihyal. Fish very often deve-
lop a bone in front and behind this basibyal, the former of
which is called the glossohyal, and the latter the wrohyal. The
entire hsemal arch is called Hyoidean, because it supports the
hyoidean apparatus.

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

The hamal arch consists of a plenrapophysis, which in Fish
is subdivided into an upper part, called epitympanic, a central,
or wmesotympanic, a fore, or prefympanic, and a lower, or hyotyin-
panic. No other class of vertebrates have such a complicated
heemal arch as this ; in most, indeed, the pleurapophysis con-
sists of a single bone. The h:emapophysis, 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 anguler. The entire hamal
arch is called mandibular, because it forms the lower jaw ; in
fishes it supports the opercula, or gill-covers,

The nasal vertebra is probably not a vertebra at all, even if
the preceding is one : at least development supports the belief
that the cranial vertebrze stop at the parietal segment, inasmuch
as the notochord, from which the vertebrse are all developed,
only extends as far as the sella fwrcica of the vertebrate skull,
and 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 prefronfals, and a
neural spine, the nasal bones; the hsemal arch of pleurapo-
physes, the palatines, a heemapophysis, the maxillary, and a
hzemal spine, the premazillary bone. The heemal arch is called
maillary, 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
turbinals, and is placed beneath the nasal vertebra. 2. The eye
capsule, formed by skin, between the frontal and parietal bones.
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And 3, the ear, enclosed in the periotic capsule, between the
parietal and occipital vertebrze. 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 articu-
lates into the skull directly, but in Birds and Reptiles a bone
called the guadrate intervenes between the mandible and the
skull.

Some naturalists, rejecting the vertebrate theory of the skull,
see in the so-called heemal 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
0s 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 dermie bones is present,
viz., the lachrymal.

Placing them tabularly then we should have the following
arrangement of elements in the four cranial vertebrse 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 pelvic 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 scapulu is
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 ecavity. 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, when present, 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 huwmerus or arm-bone, two bones
of the forearm, the radius and wina, a wrist or carpus, a meta-
carpus, and of phalanges or fingers.
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The Humerus 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-
lation with the ulna, and a small head or capitellum for the
radius. 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 mus-
cles.

The Radins 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 supination.

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

The Carpus, or wrist, is composed of eight bones, disposed
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, frapezoid, os mag-
awnm, and unciform. It is now held, however, that the typical
arrangement of the carpus is for it to consist of nmine bones, one
being eentral, and having three above it and five below. Such,
for example, is the case in the Tortoise, the central bone is
called ¢s centrale, the three upper, beginning at the radial side,
seaphoid, lunare, and cuneiform, and the five lower, trapezium,
trapexoid, os magnum, and unciform, 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 musecles 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
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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 archis composed of three bones,

the fliwm, Ischiwm, and Pubes, soldered toge- Fig. 41.
ther, and of the Sucrum ; together they form
the strong bony basin or Pelvis, which sup-
ports the lower limbs. The Pelvie arch, un-
like the Scapula, is not loosely slung among
the muscles of the back, but is firmly articu-
lated to the spine. The Iliwm forms the
flangeing part of the hip ; the Ischinm 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 symplysis ;
this pubic bone supports the external organs
of gemeration. All three meet to form the
deep cup of the acetabulim or cotyloid cavity
with which the thigh bone is artieulated. FORE-FOOT OF A
The lower limb mngajsts b Ui Femur, the,. Do omua Beer

i3 ; a, Ulna. b. Radins.
Tibia and Fibula, a Tarsus, a Metatarsus, £ Dl o o
and Phalanges. nato. e Lnarevel
The Femur, or thigh-bone, is the longest iEi;:h'le%imr]n- ﬂ,:_ﬂ

. awve 1=
bene in the body. It has a globular head, a nlipg:)&&-ape,_]{_ﬁm_
slichtly-twisted shaft, and a flattened ex- i T tyinaiis o, £

magnnum, & {. Ii-

panded inferior extremity which enters into vided unciforme,

the composition of the knee-joint. Just below

the head two prominences are placed, larger than the corre-
sponding 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 ex-
panded ends of the Femur are called, like the corresponding
processes of the Humerus, the external and internal Condyles.

The Tibiais 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 sphint-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 scuphoid in front, and the os cal-
cis below ; the scaphoid articulates anteriorly, with three cunei-
form bones which support an equal number of metatarsal bones;
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the os caleis, which forms the heel, is connected anteriorly with
the cuboid, which supports the two outer metatarsal bones.

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

HI¥D-FOOT OF AN AMPHIBIAN,

. Fibula. b, Tibia. ¢. Centrale. do. Fibulare. e Intermedinm.
S+ Tibiale. g, A&, i, &, {, Distal tarsalia. I.IL 100, 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 hemal arch of the first or occipital ver-
tebra. Mr. Parker, however, in his illustrious monograph, ap-
pears 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
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 scapula and supra clavicle ; the coracoid also
is dermic, and this he styles the clavicle, while the veritable
scapula and coracoid are found in small cartilage bones further
removed from the skull and called by Owen the radius and uina.

The appendicular skeleton, like the axial skeleton, is di-
vided into pre-axial and post-axial parts, which in the upper
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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 de-
velopment,

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-axial ; while
the lesser tuberosity of humerus, inner condyle, ulna, cuneiform
and two metacarpals and two digits are post-axial. The ilium,
1schium, and pubes correspond to the bones of the scapular arch
thus : ilium is homologous with scapula, ischium with coracoid,
and pubes with the clavicle. Looking at the appendicular ske-
leton of the lower limb, we find that the lesser trochanter and
the inner condyle of the femur with the intervening shaft, the
tibia, the astragalus and scaphoid, the three cuneiform bones,
and the three corresponding metatarsals and digits are all pre-
axial, while the greater trochanter, and outer condyle of femur,
the fibula, the os calcis, the cuboid, and the two outer metatar-
sal bones and digits are post-axial.

Homologies of these Bones.—The femur corresponds to hu-
merus ; tibia to radius; fibula to ulna; os calecis and astraga-
lus to scaphoid and lunare ; scaphoid of foot to os centrale
of hand when present; cuboid to cuneiform ; the internal
cuneiform to trapezium ; middle to trapezoid ; and the exter-
nal to os magnum. The metacarpal and metatarsal bones, and
the phalanges of the upper and lower limbs are all homologous.

1 In considering the pre-axial and the spine: 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 angles to
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CHAPTER XXII.

MuscULAR SYSTEM OF VERTEBRATA—DEVELOPMENT OF NOTOCHORD
AXD SKELETON,

Museles 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 arrange-
ment 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 ar-
ranged round two principal axes, the axial skeleton and the
appendicular skeleton. The axial muscles spring at their de-
velopmental origin from the proto-vertebrze ; they correspond
in number to the vertebral segments, and are called myocommas
or myotomes, In most of the Vertebrate classes this arrange-
ment is only clearly traceable at an early period of develop-
ment ; 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, hyparial 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 abdo-
men and chest to the hypaxial set.

Approaching the head, we find that the mandible is depressed
by the digastric muscle, panniculus carnosus, and other musecles
—as, e.¢. ,in man by the genio-hyoid andmylo-hyoid, Passingfrom
the hyoid bone to the under surface of the chin, the lower jaw
is raised by the femporal, masseter, and pterygoid muscles. The
facial muscles proper are cutaneous muscles and not connected
with the axial skeleton. In regard to the trunk, the erectores
spina, with their numerous prolongations, constitute the epaxial
muscles, while the hypaxial series are the anterior recti, longus
eolli transversalis abdominis, psoe, and probably the diaphiagm
and levatores ani.

Muscles of Appendicular Skeleton.—The muscles of the limbs
are arranged dorsally and ventrally, supposing the limbs to be
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extended at right angles to the trunk, and are divisible into a
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 : eleido mastoideus, from mastoid bone
to elavicle ; trapezius, from oceiput to cervical and dorsal spines;
rhomboidei, from dorsal spines to scapula ; reeti abdominales,
from pubes to sternum ; obliguus externus, from ilium to ribs ;
erector spine, from ilium to vertebrz, and the psoas parvus,
from pubes to bodies of vertebrze.

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 ;
deltoid, from scapula and clavicle to outer part of humerus ; su-
praspinatus, from upper part of scapula to greater tuberosity of
humerus ; infraspinatus and teres minor, from lower part of
scapula to greater tuberosity ; friceps extensor cubiti, from sca-
pula and humerus to upper part of ulna ; and beyond this, the
supinafors and extensors of the forearm and hand. The follow-
ing are the post-awial museles 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 glenoid 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 pro-
nator and flexor muscles of the forearm and hand.

Lower Limb.—Pre-axial Muscles: glutaus maximus, from
ilium and sacrum to the outer and back part of femur ; tensor
vaging 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-awial muscles: pectineus,
from the pubes to the inner part of femur ; adductors, from the
pubes to the femur ; obfwrators, from the ilium to the upper part
of femur; the biceps, semi-membranosus, and semi-tendinosus,
from the tuberosity of the ischium to the back part of tibia, and
fibula ; the poplitzus, 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 :

L
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Latissimus dorsi of arm is homologous to  Glutwus mazimus of leg

Pectoralis major 3 s Pectineus
( Psoas magnus, Pyriformi, and
Femoro-coccygeus are without
homologues)
Deltoid = 5 Tensor vagine femoris of leg
Nupra-spinatus ,, 5 Thiacus
Infra-spinatus, and Teres - Crlutaus medins ef minimus

{ Subgcapularis hag no homologue)
Triceps and Supinator brevis of arm are homologous to Quadriceps extensor
of leg

RBiceps of arm is homologous to Sartorius and Gracilis

Supnator longus of arm is homologous to  Semimembranosus and Semi-
. tendinosns

Braclialis anticus  ,, o Short head of Biceps cruris

Pronator radii teres A Popliteus

Llztensor communis digitorum  ,, FEztensor longus digitorum

Ertensor carpi ulnaris = Peroneus tertius

Flexor longus pollicis ,, 3 Flevor longus hallucis.
Flexor profundus digitorum Flexor longus digitorum
Palmaris longus S 2 Plantaris

Flexor carpi radialis ,, 2 Tibialis posticus

Flexor sublimus digitorum = Gastrocnemius and Soleus

Development of Vertebre.—At a very early period the embryo
is composed of three layers, an upper epidermic, an inner
macous, and & middle serous coat ; from the upper are developed
the medullary portions of the brain and spinal cord and the in-
tegument 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 pri-
witive vertebral groove ; from each side of which a fold passes
upwards, converging towards its fellow, which it finally meets,
so as to enclose a canal, at the bottom of which the chorda doir-
salis, or notochord, is laid down. The folds are called the
laminge dorsales, and the tube the newral canal. Two folds
similar to these laminse dorsales pass downwards, and finally
unite to enclose a much larger tube than the neural canal ; this
tube encloses the alimentary canal, which indeed is formed by a
splitting of the laminae ventrales, as the two inferior folds are
called.

The notochord and the inner part of the lamina dorsales next
become studded with little blocks of cartilage, which appear
first at the cephalic end, and from which the future vertebra
are formed ; these cartilaginous blocks are called primitive or
primorvdial vertebraz, and from them are developed the ribs
where they exist, and throughout their whole extent the central



VERTEBRATA—DEVELOPMENT OF SKELETON. 147

part of a pair of spinal nerves and the contiguous spinal
muscles, as well as the greater part of the vertebrie themselves.

Finally, the notochord is converted into bone, forming the
bodies of the vertebrae, except where it persists as the pulp in
the interior of the intervertebral fibro-cartilages which is inter-
posed bufler-like between the bodies of contignous 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. 44.

{ From Mivart,)

1. Diagram of the development of the trunk and itz zkeleton, ag shown in
a section made at right angles to the trunk’s long axis. @ Nenral
cannl., ¢, Epaxial cartilages rising op to form the primitive veriebral
groove and finally surrounding the neural canal. e Paraxial cartilages
descending in the plate or layer o, external to &, the pleturo-peritonesl
cavity, {r‘ Internal plate of the split ventral lamine, 2. Diagram
of the further development of the trunk, as shown in o section
similar to the last. «. Epaxial arch., & Hypaxial arch, descending in
the median line in the root of the inner part of the split wall of the
ventral lamine. e LKib hiforeating proximally and abutiing ventrally
against the sternum, which thus completes the paraxial arch, o, The
plenro-peritoneal space. e Alimentary canal, supported by a mesentery
formed by the dorsal portion of the inner parts of the split walls of the
embryonic ventral laminee,

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

Reproduction of Vertebrata,—The reproduction and develop-
ment of Vertebrata are described in Chapters XXXV,, XXXVI.,
and XXXVIL.
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CHAPTER XXIIL

GENERAL CHARACTERS OF PISCES—SEELETON—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 is generally covered with scales. The limbs are modi-
fied into fins. The primordial renal organs, corpora Wolffiana,
persist through life. The kidneys are not divisible into cortical
and medullary portions, but consist of cortical substance only ;
the ureters open into a cloaca common to themselves and the
rectum. The kidneys 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 olfac-
tory lobes, the second constitute the cercbral hemispheres (or
their earliest and most constant elements, the corpora striata),
the third are the optic lobes, and the fourth compose the bila-
terally symmetrical medulla oblongata, upon which rests a single
lobe, the representative of the cerebellum. No external organ of
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hearing or tympanum exists, but a vestibule and semicircular
canals are present. A lymphatic and lacteal system exists in
all fishes except Amphioxus. 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, interspinous bones, which articulate with the neural
and hsemal spines, and fin rays, which are connected with the
extremities of the former.

Fig. 44.

EHELETOR OF A PrRCE (Perca fluvialilis).
a and b. Dorsal fin. ¢ Pectoral fin. . Ventral fin. e Anal fin. f. Caudal fin.

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 taper-
ing cylindrical cellular rod, the notochord, is persistent through-
out the life of the animal. Many fishes possess a skeleton
entirely composed of cartilage, others one in which cartilage 1s
blended with bone, and others again possess a complete osseous
skeleton.

Vertebral Colwmn.—The trunk vertebrse are only divisible
into dorsal and caudal vertebree. The body of each vertebra is
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cupped both in front and behind (amphiccelous) except in the
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-
thoccelous is applied. The spine possesses a neural arch through-
out its length which lodges the cord, and a hsmal arch at
its tail end for the protection of the principal blood-vessel or
aorta. There is 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
developed 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; and the last is
the caudal 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 heterocecal, 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
vanishes ; taking the skull of the cod as one convenient from its
size and its procurability, we are able to make out the general
arrangement of the cranial bones. References to the diagrams
will materially assist the following description. We must pre-
face it by saying that fig. 46 represents the separated bomes of
the fish’s skull, arranged, after Owen, on the vertebrate theory,
and so drawn as to illustrate the general arrangement of the
eranial vertebrse in all Vertebrata. The first segment, begin-
ning at the spinal end of the skull, is the occipital segment, and
is numbered I. The second or parietal is numbered II., the
third or frontal is numbered III., 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. A similar prepara-
tion of the bones of a cod’s skull can be made by slightly boiling
a suitable specimen and then macerating it 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
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mislaid. The articulation of such a specimen would well repay
the time and trouble it takes.

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

.

SgvLL oF Cop (Merrhua vulgaris.)

1. Supra-occipital. 2. Paroccipital. 3, Mastoid. 4. Presphencid. 5. Nasal,
6. Frontal. 7. Postfrontal, &. Prefrontal. 9. Lachrymal. 10. Dermic
bone, the Bupra-temporal. 11, Premaxillary. 12, Maxillary. 13. Dentary.
14. Tympanic, 15. Preopercular. 16, Dermic bone. 17. Entopterygoid.
18. Pterygoid. 19. Articular. 20. Angular piece. 21. Interopercular,
22. Bobopercular. 23, Opercular, 24, Ceratohyal. 25, Basihyal. 26,
Ilfru'ilja.l. 27, Epihyal, 28. Branchiostegal rays. a, b, and ¢ are dermic

OIS,

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 pec-
toral fins, when it is attached to the coracoid bone, as in the
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perch ; in this case the ventral fin is said to be jugular or tho-
racic 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 ;

Fig. 46.

Sme VIEw OF THE DISARTICULATED SKULL oF A Con, To ILLUSTRATE THE
VERTEBHATE THEORY OF THE SEULL.

{ From (hoen.)

The Hwmal arches H H in outline. 1. Basi-occipitale., 2. Exoccipitale,
3. Bupra-occipitale. 4. Paroccipitale. 5. Basi-sphenoideum. 6. Alisphe-
noideum. 7. Parietale. 8. Mastoideum. 9. Presphenoideum. 10. Orbito-
sphenoidenm. 11. Frontale. 12 Post-fromtale. 13. Vomer. 14. Pre-
frontale. 15, Nasale. 16, Petrosum. 17. Scleroticum. 18, Efthmoturbinale,
19. Turbinale, 20, Palatinum, 21. Maxillary. 22. Premaxillary, 28,
Entopterygoidenm. 24, Pterygoidenm. 25. Ectopterygoidenm. 26, Malar,
27. Squamosum. 28, Tympanicum. 29. Artienlare. 30. Angulare. 31,
Epleninm. 32, Dentarinom. 29 to 32. Maondibolare. 34, Preoperculum.
356, Operenlom. 36, Buboperculuom. 37. Interopercnlum. 38, Stylohyale.
39, Epihyale. 40. Ceratohyale. 41. Basi-hyale. 42. Glessohyale. 43,
Urohyale. 44, Branchiostegum. 46. Thyrohyale. &0, Soprascapula.
bl. Beapula. 52, Coracoidenm. 53. Humerus, ©04. Ulna, 60, Badius,
a6, Carpus. &7. Metacarpus. o8, Clavicula,

to these ischia the 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 Fishés.—The scales of fish differ from other integu-
mental growths in being dermic rather than epidermic produc-
tions. Nails, hair, teeth, and feathers are developed from the
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upper layer of the derm, but scales are developed within the
substance of the derm itself. Bach 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 caleareous layer, containing all
the dense parts of the scale; (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-

Fig. 47.

VARIETIES OF FISH BCALEH.

a. Ctenoid scale, b. Cycloid scale. ¢. Ganoid scale, . 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. Cycloid,
2, Ctenoid, 3. Ganoid, and 4. Placoid.

1. Cycloid (xéxAoc, a circle) scales are the most frequently met
with of any kind. They are cireular 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 and flexible scales,
generally less glistening than cycloid scales, and having their
posterior margins furnished with a comb-like fringe of toothed
processes. The sole possesses ctenoid scales.

3. Ganoid (yaveg, brightness) scales are generally larger than
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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 extinet, but the
Lepidosteus is an example of a fish still possessing such scales,

4, Placoid (=hdf, 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.’ Each scale is perforated in its centre by a tube, which is
connected with a subdermie 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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ORDERS OF PISCES. 1

CHAPTER XXIV.

OrnErs oF Pisces,

Fisues contain the following orders :—

Order 1. Pharyngobranchii (Cirrostomi—Leptoeardia), e.g. Amphioxus.
« 2. Marsipobranchii (Cyclostomata), e.g. Lamprey.
» 9. Teleostei.
Sub-Order A. Malacopteri (Physostomata), Salmon.
= B. Anacanthani, Turbot.
i C. Acanthopteri, Wrasse.
= D, Plectognathi, Trunk Fish.
5 E. Lophobranchii, Sea Horses,
» 4. Ganoidei, e.g. Sturgeon.
» 9. Elasmobranchii, e.g. Sharks,
., 6. Dipnoi, e.g. Mud Fish.

Another classification of fish is the following :—

Orders Type
1. Leptocardii . Branchiostomi—Cirrhostomi Lancelet
2, Cyclostomi . Dermopteri {M:'inne
# i p 3 Lamprey
Sub-Orders
r1. Physostomi . : . Eel
2. Anacanthani - : god .
: lving Fish
5. Pharyngognathi . L]
3. Teleostei g ‘I;‘fiﬂfe
4. Acanthopteri { Mullet
5. Lophobranchii . Pipe Fish
L 6. Elle]ctﬂgnathi . %un Fish
e s 1. Holostei . Bony Pike
4. Ganoidei {.E: Chondrostei . . Sturgeon
s h (1. Holocephali . . ghimmra
. Selachii . . Sharks
i?. Plagiostomi . -l i

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

Order 1. Pharyngobranchii (¢apvy¥, Boayya, the gills) con-
tain but one member, the Lancelet, Amphioxus 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
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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 ;
thus no vertebral column is ever developed, nor any eranium,
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 (pdvoi=oc, a pouch ; and Bodyyia)
comprise the Lampreys and Hags. The skeleton is chiefly car-
tilaginous ; 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, becomes filled
with fluid nutriment. The Hags (Myxinid:e) 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 power-
ful muscles of the mouth ; it enables the fierce Hag-fish to
penetrate the bodies of animals on which it preys. The mouth is
surrounded with cirri. In the Lampreys numerous teeth are
developed upon the palate, lips, and tongue ; 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
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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. There
is no swim-bladder.

Order 3. Teleostei (r:\aong, 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 vertebral 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 arteriosus always present. The fins
when present are sometimes supported by numerous soft rays
(Malacopteri) or with dense single rays (Acantheropteri). The
tail is always homocercal. The exoskeleton of Teleostei 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 com-
plete 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 numerons 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 Teleostei, as e.g. the Climbing Perch (Anabas),
the Saccobranchus singio, Amphipnous cuchia 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 wvascular
processes, something like external gills, or in saccular csecal
prolongations of the branchial cavity. The Blind Fish (Ambly-
opsis speleeus) 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.

Sub-order A. MALACOPTERI (udlaxog,soft ; wresdw, a wing)
(Physostomata). Osscous fishes with soft many-jointed fin-rays,
and a swimming-bladder which is furnished with a pneumatic duct.



158 COMPARATIVE ANATOMY.

Scales generally eycloid, 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, Roach,
Dace, Barbel, Chub, Minnows, Salmon, Trout, and Sheat-fish.

The Apoda, Eels (Muranide), 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 Ameriea ;
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 is sufficient to
kill a horse. The Abdominalie comprise the greater number of
living fishes : in all the skeleton is completely ossified, and the
vertebrse are always amphiceelous. An electrical fish, the Mula-
pterurus of the Nile, is likewise found in this group. The Si-
luride, or Sheat-fishes are included in this division ; they are
remarkable for possessing certain hollow spines, forming for-
midable weapons of offence, and developed from the first ray of
the pectoral fin. They are called ‘ ichthyodorulites,” 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.

Sub-order B. ANACANTHANI (davd, without ; dkavfa, a thorn).
Osseous fishes awith soft fin-rays, a swimming bladder devoid of a
pneumatic duct, and ventral fins either absent or jugular in posi-
tion. There are two sub-divisions, much as in the last sub-order,
and called Apoda and Sub-Brachiata.

Apoda. No ventral fins. Comprise the little Sand-lance
(Ammodytes).

Sub-Brachiata. Ventral fins present. This large group in-
cludes the Cod Family, and the Pleuronectide, flat fishes, snch
as Sole, Turbot, Halibut, Plaice, &c. The flat fishes owe their
singular shape to the enormous length of the interspinous bones,
which project vertically from the hsmal 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 dersal and ventral. The eyes are both
placed on the upper surface, and the whole parts of the cranium
strangely distorted to keep both mouth and eyes out of the
mnud. No creatures possess more typical examples of asymme-
trical crania than the Pleuronectidee, an asymmetry which seems

'
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largely due to their habits, as the eyes and mouth at birth are
symmetrical, occupying both sides of the head, and only assume
their ultimate 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.

Sub-order C. ACANTHOPTERI (dear®r, a thorn ; wmrepov, a
wing). Osseous fishes with unjointed spiny rays. Scales, generally
ctenoid. Swimming-bladder has no pneumatic duct. Ventral
fins when present generally jugular in position. This large
group comprises the Perch, Mullet, Mackerel, Gurnard, Goby,
Blenny, Angler, and Wrasse.

Sub-order D. PrecroewaTHI (wha¥, a flat plate ; yrafoc, a
jaw). Comprise the Trunk fishes or Ostraciontide. 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 maxille and pre-
maxillee are anchylosed together. The File-fishes (Balistide)
and Globe-fishes (Gymnodontid:e) also belong to this group.

Sub-order E. LorHoBrANCHII (Mopwe, a plume, Bpdyyia).
Sea Horses, Hippocampi, and Pipe Fishes, Syngnathide. Bran-
chi® arrapged in plumes or tufts wpon the branchial arches. En-
doskeleton 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 extinct 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
Mississippi, in which animal the contiguous vertebrsze are fitted
into each other by true ball and socket joints (opisthoccelian
vertebrz), and the entire column is completely ossified ; no other
fish indeed has so firm a vertebral eolumn as the Lepidosteus.

The exoskeleton is always composed of ganoid plates or seales.
These plates, as a rule, are accurately fitted to each other, like
mosaic tiles, forming a continuous coat of mail : oceasionally,
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. Branchiwe
beneath gill-cover also protected by branchiostegal rays and
branchiostegal membrane. Swim-bladder, with pneumatic duet,
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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 lakes of N. America, the Poly-
terus the waters of the Nile : each is a ganoid of from 18 inches
to 4 feet in length. The Amiz are like Trout in form, and in-
habit the fresh waters of N. America. The Sturgeons (Sturio-
nidse) lie at the bottom of muddy rivers in Europe and live by
suction. They have an imperfect cartilaginous 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 cartilagi-
nous ; no teeth ; the muscular 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 characterised by the possession of a large
head and a tapering body, the head alone being protected by
ganoid plates. Examples, Plericthys, Pteraspis, Cephalaspis,
Coccosteus.

Order 5. Elasmobranchii (fAaopa, a thin plate ; Bedyyie).
sharks, Rays, and Chimers. DBranchise lateral and formed of
thin plates or lamins, 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.
Vertebral column osseous, or cartilaginous, or sub-notochordal.
Exoskeleton of placoid granules and plates. Both pairs of fins
present, and ventral fins placed near 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 Chimerze (Holocephali), the mouth is
terminal ; more frequently, asin 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 Chimeara monstrosa, king of the herrings, is the best
known living example of the Holocephalous division. Only one
gill slit is visible from without, but there are really five gills
- present. Notochord persistent. Ichthyodorulites’ 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
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gill cover. Skull a single 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 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-
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 Bafides, 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 greater part 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 Batidse.
In the Saw-fish, Pristis antiqguorwn, 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 sufliciently secured. These
egu-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 sea-weed, where they ride safely at anchor until
the young ray, or skate, is hatched and escapes.

Order 6. Dipnoi (fir, twice; =mwos, 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-
gistent, but the cranium and mandible are well developed.
Scales eycloid. Both pairs of limbs present. Pectoral fins
connected with the oceiput, 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

M
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the ventral aspect. The vertebra are ossified and about forty in
number. There are rudimentary external branchize 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 characteristie.
Clavicles present. Heart triccelian ; 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 aérial existence by means of its lungs,
returning to the water on the advent of the wet season, when
the pulmonary funetion is again abrogated, and the animal
breathes by means of its branchize.

Dr. Giinther considers that Dipnoi form a group of Ganoidei,
and unites Ganoidei and Elasmobranchii into one order, Pale-
ichthyes, 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.

PuaysioLocy 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 it 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 oceipital 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 is therefore first met with in fishes. In this
class it is short, does not communicate with the nasal passages,
and leads into a short ecesophagus. The cesophagus leads into a
true digestive stomach, which is sometimes guarded by a cardiac

M2
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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-ceecal valve. In the shark,
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 pylorica ; these are pro-
bably homologous in action to the pancreas.

Cireulation.—The heart of fishes is contained within the
branchial arches ; there is no true diaphragm to separate thorax
from abdomen. The heart consists of two cavities. Its action
has been described. 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.

Lespiration.—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 eapillaries, 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 sae, situated close to the vertebral
column, and often connected by a small tube, the ductus pneu-
maticus, with the cesophagous 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, ashas already
been said, in an antero-posterior chain of four symmetrical
ganglia. 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 isno pons Varolii.
The cerebellum congists of a median portion only, evidently the
homologne 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 nerve, to supply all the

muscles (called myocommas) on the sides of the fish, The pneu-
mogastrie supplies the gills,
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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.

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 pos-
sess 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 with a utriculus, two or three
imperfectly developed semicircular canals, and a diverticulum
(sacculus), are the only parts of the organ of hearing which exist
in fishes. The wvestibule always contains an otolith or two,
situated in a utricle and saccule suspended in perilymph. No
organ of hearing exists in the Amphioxus, which is the lowest
of the fish class.

Sight,—The eyes and orbits of fishes are large. The eyeball
is 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 only 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 strue-
ture of a horse-shoe shape, called the ¢ choroid gland.” Some-
times, e.g. in the Sturgeon, this develops a process which passes
towards the lens ; this process is called the ‘ campanula.’

Electric Organs,.—Seven species of fish possess electric
organs : three are Torpedoes, belonging to the Ray family ;
the fourth is the Tetraodon ; the fifth is the Silurus ; the sixth
is the Momyrus ; and the seventh, and by far the most power-
fully armed of all, is the Gymnotus or Electric Eel,
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The electric organs are composed of cells, generally hexago-
nal, 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 al-
buminous fluid, sp. gr. 1'026.
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CHAPTER XXVI.

GENERAL CHARACTERS OF AMPHIBIA—DESCRIPTION OF ORDERS.

Class TI. AMPHIBIA (Batrachia, Cuvier).

Definition.—Cold-blooded vertebrates that breathe by means
of branchie during some period of their existence, but possess
lungs in addition, sooner or later. Some possess median
cutaneous fringes, but never fin rays. The skull articulates
with the spine by two condyles. The base occipital 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-bran-
chiata, and comprise frogs, toads, and newts. The metamorpho-
ses which the aquatic-breathing tadpole passes through in be-
coming changed into the aérial-breathing frog are as follows :
The tadpole is, to all intents and purposes, a fish, unpossessed
of limbs, but provided with four vascular ciliated plates or
branchize. Thereis notongue. 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
commence as simple elongated sacs, which project backwards
into the abdominal cavity ; they 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 gra-
dually 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.
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Amphibia possesses a larynx and are endowed with powers
of vocalisation.

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, inereasing 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 the pulmonary veins to a separate auricle, the left, so
that the heart has now become trilocular ; the single ventricle
contains the mixed blood, pure from the lungs and impure
from the rest of the body.

Contractile muscular sacs called lymph hearts, in connection
with the lymphatic system, are always present in Amphibia.

Amphibia contain the following orders :—

Order 1. Urodela (Ichthyomorpha, Saurobatrachia); e.g.

Newt, Proteus.

2. Anoura (Batrachia, Theriomorpha, Chelonobatra-
chia) : e.g. Frogs and Toads,

3. Gymmophiona (Ophiomorpha, Apoda, Ophiobatra-
chia) ; e.g. Cecilians,
s 4. Labyrinthodontia : e.g. Labyrinthodon.

Order 1. Urodela {m’rpn!, a tail 5 ﬁﬁ-:"nl'lr_', '\?lﬂlblﬂ) . the tailed
Amphibia. There is no exoskeleton. The tail, which persists,
is flat or round. The vertebrsz are amphiceelous, or opistho-
ecelous, 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-branchiota. Type form Proteus angwineuws. An
Amphibian, a foot in length, found in Illyrian caves. Itisa
white newt with scarlet branchize. Eyes rudimentary ; indeed
the Proteus is said to be quite blind. The Siren and Awxolut
belong to the same group.

Caduci-branchiate. Type form Triton 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 (avd, without ; oipd, a tail), or Batrachia.'
Tailless Amphibia. Comprise Frogs and Toads. Exoskeleton
absent. Vertebr® proceelous or opisthoceelons. Ribs when
present are rudimentary, or they may be absent altogether. The
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bones of the forearm and leg are anchylosed into single bones,
The astragalus and os calcis are much elongated. Hind legs are
natatory organs, and are much larger than the fore legs. Respi-
ration aquatic in larval, aérial in adult forms. The larvee 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, max-
ill;e, and premaxillee, After the lungs are formed, which
commence as blind sacs, the external branchie 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, the os en cein-
ture, and represents the ethmoid, prefontals, 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 (yvuric, naked ; fgu, a snake), often
called Cecilia. Exoskeleton soft, with small scales embedded.
Vertebrse 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 frog-
shaped amphibians, with a strong exoskeleton and amphiccelous
vertebrae. They derive their name from the labyrinthine fold-
ings or plaits which are found in the upper portion of their
teeth when a section is made through them,
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CHAPTER XXVIIL

PuysioLoscy oF AMPHIBIA.

Digestion.—The changes from the vegetable-feeding Tadpole
to the carnivorous Frog have been described. The alimentary
canal is peculiar in this class, in that it has no ileocaecal valve
to mark the distinction between large and small intestine.

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
aiteriosus, 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. Asthe 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 re-
turned from the lungs by pulmonary veins, which enter a super-
added 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-branchiata, 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

e
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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 plumose, 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 : they
are homologous to the gills of fishes, and are converted into
lungs. The lunged Caduci-branchiata swallow air ; it is first col-
lected 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- Branchiate also respire by their skin.

The Nervous System is in the lowest Amphibia (Perenni-
branchiata) essentially the same as in fish ; in the highest
Amphibia (Caduci-branchiata) essentially the same as in Rep-
tilia.

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 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.—The auditory organ is lodged in bone or cartilage
and consists of a vestibule and three semi-circular canals. It
has always an external aperture covered with membrane. In the
midst of the foramen ovale, a plate of bone is fitted, which is
attached by a rod of bone or columella, the homologue of the
stapes, with the membrana tympani. Otoliths and perilymph
are present and a Eustachian tube in the higher Amphibia.

Sight.—There are eyelids, but still no lachrymal apparatus.
The oblique muscles in the frog arise one above the other from
the inner angle of the orbit. A membrana wnictitans is present.
The other parts of the eye resemble the same organ in fish.
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CHAPTER XXVIII.
GENERAL CHARACTERS oF REpPTiLiA—DEscrIPTION 0F (ORDERS.

Class T11, REPTILIA.

Definition.—Cold-blooded Vertebrata that respire by means
of lungs.

The lungs are imperfectly cellular, and are situated in a
common thoracico-abdominal cavity. The heart is three-
chambered, containing two auricles, and one ventricle, which
is sometimes divided by a median septum. The skull arti-
culates 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 quadrabum.

The tarsus and metatarsus are never ossified to form a single
bone, as is always the case with birds. Each half of the man-
dible is often formed of from four to six pieces, and one side
frequently articulates with the other by cartilage or ligament,
which arrangement enormously increases the gape. Endo-
skeleton completely ossecus, and ribs well-formed. Exoszkeleton
formed either of horny scales, or of large plates of bone 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.
s 2. Lacertilia. sy 1. Dicynodontia.
ys 9. Chelonia. ys 8. Pterosauria.
5 4. Ophidia. y» 9. Dinosauria.

sy 9. lehthyosaura.

Order 1. Crocedilia—comprising Crocodiles, Alligators, and
Caimans—have very perfect skeletons. A Crocodile (e.g.)
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possesses four cranial vertebrs, nine cervical, thirteen dorsal,
two or three lumbar, two sacral, and about thirty caudal verte-
bree, in most of which a neural and a heemal 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 striee of the human rectus,

BEULL OF CROCODILE,

o, Premaxillaries. §. Maxillaries. ¢. Nasals. d. Prefrontals. e Post-
frontals, 7. Mastoids. g. Pavietal. A, Sqoamosal. 4 Tympanie.
&. Malar. 1. Pterygoid. m. Paroccipital. n. Articnlar. o, Angular.
piece. p. Angular. . Dentary.

The ventricular septum in the Crocodiles isquite complete,
thereby rendering the heart perfectly four-chambered and
placing this order in advance of the other reptilia.

All living Crocodilia have proceelous vertebrse ;in most of
the extinet genera they were amphiceelous, and in one genus,
Streptospondylus, they were opisthoecelous. The cervical verte-
brze, beginning with the atlas, are supplied with ribs as well as
the dorsal vertebrz,

The bones of the skull are 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 maxillz and palate bones, which eut 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
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quadrate bone, which is anchylosed to the skull. The tympanic
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 distinet symphysis in front. A
femur, tibia, fibula, seven elongated tarsal bones, five metatar-
sals, and five digits complete the pelvie limb.

The teeth are numerous, formed of dentine, and lodged in
alveoli. The pulps of succeeding sets of teeth are placed im-
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 distingnished from Alligaturs 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 opisthoceelous Crocodilia are all found in the Mesozoic
strata.

Order 2. Lacertilia—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.
Vertebree proccelous or amphiccelous, never opisthoccelous.
Ribs are present, but limbs may be absent, or, if present, are
either two or four in number. Sacrum consists of three verte-
bra. Ribs are often developed from the cervical vertebr:,
which number from seven to nine, as well as from the dorsal
vertebree.

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 occipital region, owing to the intervention of a

. ..
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membrane between the two. The quadrate bone as a rule is
not united to the skull by bone. When all four limbs are
present, as in Chameleons, the pectoral arch presents a scapula,
coracoid, clavicle, and interclavicle ; and the pectoral limb, a
humerus, radius, and ulna, nine carpal bones, five metacarpals,
and five digits. In the Chameleons, however, we find that the
five distal bones of the carpus being grouped around the os
centrale, have become united with the metacarpus, the three
proximal only being free. The pelvic arch consists of ilia,
movably joined to sacrum, ischia, and pubes, both forming
symphyses, a femur, tibia, and fibula, tarsal bones varying in
number, five metatarsals, and five digits.

Some Lacertilia have no exoskeleton, but most frequently it
18 present in the shape of scutes, or horny plates or spines. In
the Iguanide it 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 viscid
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 fcarapace,” and a ventral shield, the ‘plastron.” The so-
called ¢tortoise-shell’ is formed by the exoskeleton,

There are eight cervical, ten dorsal, two sacral, and eight
caudal vertebree. The cervical and caudal vertebrze are movable,
the rest are all immovable. The cervical vertebra have no
transverse processes or ribs. They are peculiar in the fact that
some are proccelous, others biconvex, and others opisthoccelous.
The dorsal vertebra 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 cara-
pace ; the extremities of the ribs articulate with a number of
margimal 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 usually 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 enfosternum,
and the other four from above downwards, the episternum,
hyosternum, hyposternwm, and wiphisternum. By those who
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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 with the ex-
ception of the mandible and hyoid bone are firmly united
together. The pro-otic and opisthotic elements of the periotic
capsule remain distinct bones, but the epiotic is joined to the
supra-occipital. The orbits are large and separated by a plate
of bone. The maxillee and mandible form large horny beaks,
so to speak, devoid of teeth, but with edges sufficiently sharp to
elip 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 pelvie 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 ten bones, five metacarpals, and five digits. The
pelvic arch presents an ilium, ischinm, 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 carapace 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 (Eureta).

Order 4. Ophidia include the snakes. They have neither
seapular nor heemal thoracic arches ; they possess, however, vast
quantities of ribs. No trace of any anterior limb exists in any
Ophidian, but in a few genera, typically represented by the
Boas, a rudimentary pelvis is present. In the genus Tortrix,
allied to the Boas, there are abortive hind limbs in addition to
rudimentary pelvic bones. The ramiof the mandible, or lower
jaw, are united only by ligament, and each half can be separately
protruded or retracted ; this symphysial joint, together with the

movable quadrate bone, which separates the mandible
from the skull, enables the Ophidian to open its mouth in
every direction to a prodigious extent. The heart is three-
chambered.

No animals possess so many vertebrz as Ophidia. The Python
has 291, the Rattlesnake 194, and the Boa-constrictor 305.
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Each vertebra is proccelous ; besides the ball and socket joint
which is found between each ecentrum, a projecting process
(zygosphene) is present on either side, and just behind 1I:11-;-.
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 depressions. The skull of Ophidia is not pro-
vided with an interorbital septum. The premaxille are single
and often movable. The quadrate bone is freely movable.
Malar bones are not present. The character of their tecth is
alluded to in the sketch 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 dorsal. 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 Lo suffer from malaise, retives 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 cenire
of each scute, and have flat heads separated from the body by a
distinet 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. Ichthyosauria (gigantic fish-like reptiles, abound-
ing in the Mesozoic period). Vertebrse amphiccelous ; 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 ;’ scapulararch and clavicles
present. Pelvic arch not joined to spines. Teeth numerous
and formed of folded plates of enamel. The eyes of these
marine colossi were much larger than those of any animal now
living: in volume they frequently exceed the human head. They
had several peculiarities of structure. The globe was pro-
tected by a special development of horny plates, situated in the

1 In the Rough Tree Snake, the
hypapophyses, parts of the transverse
processes in thirty-two of the an-
terior cervical vertebrs, most curi-
ously serve as teeth; their sharp

extremities perforate the esophagns,
and being tipped with dentine, they
serve to bre:lll’}i the shells of the litile
birds’ eggs on which this animal

preys.
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sclerotic or outer tunic of the eye, thus enabling the organ to
bear the pressure of a vast superincumbent weight of water ;
the entire structure eliciting from Dr. Buckland the opinion
that it was an optical instrument of varied and prodigious
power, enabling the Ichthyosaurus to desecry its prey at great or
little distances, in the obscurity of night and in the depths of
the sea. Type form, Ichthyosawrus.

Order 6. Plesiosauria. Mesozoic marine reptiles. Vertebrze
flat or amphicelous. Transverse processes long, and ribs pre-
sent. No sternum or sternal ribs. Cervieal vertebrse numerous.
Sacrum of two vertebrse. Snout long. Sclerotic formed a
bony ring. Limbs in shape of paddles, but ossicles not so
numerous as in Ichthyosaurus. Type form, Plesiosaurus.

Order 7. Dyecynodontia. Vertebree amphiccelous. Sacrum
of six or more vertebrse. Cranial bones anchylosed. Snout
enclosed in a horny beak like the beak of a turtle. Two large
tusks often present in upper jaw. Pelvie arches very massive.
Type form Dicynodon.

Order 8. Pterosauria. Vertebrae proccelus. Sternal ribs
present. Sternum broad and carinated. Skull prolonged :
avian in type with teeth implanted in alveoli, or else edentulons.
Sclerotic a bony ring. Pectoral arch existed but no clavicle.
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. Vertebrae flat, amphiccelous or opis-
thoccelons. Sacrum of four or more vertebrze. Pelvie arch
avian in type. Pectoral arch present, but pectoral limbs very
small. Type forms, Tguanodon and Megalosarrus,
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CHAPTER XXIX.

PHYSI0LOGY OF REPTILIA.

Prehension of TFood, Deglutition, and Digestion.—The four
orders of Reptilia differ from each other in their prehensile
and digestive organs.

(rocodilia.—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 within the other, causing absorption of the interior
of the older teeth, and so at last become nested like a series
of pill boxes. The tongue is large and fleshy, but not pro-
trudible beyond the jaws. The passage into the larnyx and
cesophagus 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 strugeling 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 ali-
mentary canal is comparatively short and simple. It is interest-
ing from the resemblance it bears to that of birds. A short
cesophagus leads into an almost eircular and gizzard-like
stomach, so strong are the two lateral muscles which compose
its walls ; the pyloric aperture, guarded by a valve, is placed
near the cardiac extremity ; the succeeding intestine is short,
the junction of small and great gut being marked by the
presence of an ileo-colic valve, but no cmcum ; it ends in a
cloaca common to it and the urinary and generative organs.

Lacertilie. —The chameleons employ their long muscular
clubbed tongue as the chief prehensile organ. The lizards
generally use their jaws. The teeth are small, and composed

N2
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of dentine, cement, and enamel ; the alimentary canal approxi-
mates to that of the Crocodilia.

Ophidia—Constricting snakes employ the folds of their body
as assistant prehensile organs to the simple, numerous re-
curved teeth which stud, not only the dentary and premaxillary
bones, but also the pterygoid and superior maxillary bones.
The poisonous snakes possess, instead of teeth on the upper jaw,
two poison fangs, which are attached to the superior maxilla ;
these are 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
projection and overlapping of two of its edges; it opens a
short distance from the point, so that the fang must be well
implanted before the poison can enter the victim. They are so
much recurved as to lie flat against the roof of the jaw when
the mouth is closed ; they are lodged in a sort of seabbard of
mucous membrane, and are constantly renewed, when lost, by
a vascular dental pulp situated posteriorly. All the viscera,
including the alimentary canal, present the same elongated
character as does the body of the snake : the intestine is com-
paratively short and wide.

Chelonia capture their prey with their jaws, which are
edentulous and horny, like the beak of a bird. Chelonia are
phytophagous, and the alimentary canal is long and complex in
consgequence ; for convenience of stowage it is arranged generally
in a transverse direction. Both an ileo-colic valve and cacum
are present. The cesophagus has large recurved epithelial
papillee, which entangle the slippery fuei which form 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,
especially 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 Crocodiles, however,
we find the inter-ventricular septum complete, the heart thus
having four distinct chambers. In the lower reptiles the
ventricle is quite 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
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blood separate. In the higher reptiles there are two aortic
arches, a richt 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 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 sterpum assist the respiratory movements; in Ophidia
there are nothing but ribs, and expiration is partly the result
of the resiliency of the lungs; in Chelonia the movements
exactly resemble those of the Frog; for though ribs and
sternum both exist, they are perfeetly fixed. The lungs are
large, frequently unsymmetrical (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 imperfectly.

Renal Organs.—The kidneys are large, and pour their con-
tents 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 tegu-
mental 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
plastron 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
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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
the sense of smell is imperfect. In Crocodilia and Lacertilia
the nostrils 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 wvestibule and three semicircular canals, a rudi-
mentary cochlea, in the form of a short straight canal, which

has a slight twist in the highest forms (Crocodilia), 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. Like the Amphibia the Crocodiles
have a third eyelid or membrana nictitans.
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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, lumbar, and sacral. The cranial vertebrs=e 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 1s joined
to the skull by the intervention of the os quadratum, as in
Reptilia. The jaws are never provided with teeth. The
cervical vertebra vary in number from nine in the Sparrow to
twenty-five in the Swan ; they are freely movable on each other,
and permit the head to be turned in every direction for pre-
hensile purposes. The dorsal vertebrze are firmly anchylozed
together to give stability to the great muscles, the agents in
flight, which take their origin here. The heemal 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-
tebree are few but strong ; the caudal vertebree are rudimentary,
the posterior segments being ossified together to form the
‘ pygostyle’ or ploughshare’ bone, which gives firm attach-
ment to the tail feathers, and also supports the ‘uropyginum,’
or oil gland. In an extinet bird of the Mesozoic period, the
Archeopteryx, the vertebral column is terminated by a veri-
table tail of caudal vertebra.

The trachea is furnished with two larynges: ome in the
usual situation, at the upper part, and one, called the syrinx,
which is 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
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being only one aortic arch, the right ; in the fore limbs never
possessing more than two digits terminated by claws ; and in
the fact that the corpora bigemina are placed at the sides and
not on the under surface of the bram.

Aves differ from Mammalia in the atlas only possessing
a single facet ; in the presence of an os quadratum intervening
between the mandible and skull; 1n the cervical wvertebrs
being more than seven in number, and in possessing no
lips, teeth, epiglottis, diaphragm, fornix, corpus callosum, or
scrotuim.

Skeleton of Aves—The bones of birds are extraordinarily
compact and ivory-like. In the hawk, for instance, 100 parts
of bone contain 7328 earthy material, and 2672 animal matter.

Vertebral Colwmn. Cervical Vertebree.—Very flexible, as it
is only by the free movements of the neck that the bird ean
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 1s a mere ring of bone, its body being always appended
as an odontoid process to the body of the axis.

Dorsal vertebra.—Much consolidated ; they vary in number
from four to eleven. The hzmal arch is entirely osseous.
Pleurapophyses (ribs) articulate both with diapophyses and
parapophyses of vertebree. 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 museles. 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 wvertebra.—From seven to twenty 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 vertebrze are welded to the sacral, it is difficult to
distinguish between the two.

Cawdal Vertebre.—From six tonine. 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
candal vertebrie are anchylosed to form the os en soe de charrue,
or ploughshare bone. The coccygeal gland, or wuropygium,
rests like a small pommade pot on these caudal vertebree. In
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the Archeopteryx the candal 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 fossaz. The nares also communicate
with each other. The separate bones are so soon united
together that the separate elements can only be made out

Fig. 45

LATERAL VIEW OF THE SEULL OF A FOWL.

. Premaxillary. & Nasal, ¢ Lachrymal, 4, Maxillary, e. Mandible,
J. Cmadrate bone,

TUrren VIEW OF THE SEULL oF A FowL.

a. Premaxillary. b, Nazal. ¢ Lachrymal. . Maxillary. e. Frontal.
. Parictal.

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
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parietals (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
hsemal arches of the cramial vertebrsze, the hyoid arch (hsmal
arch of parietal segment) is formed of a small basi- and cerato-
hyal, and of a large glosso- and uro-hyal. The os quadratum

Fig. 40.
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1s movably articulated with the skull, and intercepts the lower
jaw from the cranium. The pre-maxillse, maxillze, and palatine
bones are united to form a single bone ; they are joined to the
os quadratum by the pterygoid and jugal bones.

Seapular Areh 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 for-
wards to meet in the mesial line, forming the os furculum, or
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¢ 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 Aus-
tralia. The humerus is long, strong, and generally pneumatie.
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.

Fig. 51.

PeELvi2 AND HIND-LIME 0F A HAWE,

a. Ploughshare bone, or Os en soc de charrue. b, Sacral vertebrm, e Og
innominatum. d. Ossified tendon. e. Femur. f. Tibia. 4. Fibula,
gia Tarso-metatarsal bone. 4, &, 1, m. Phalanges terminating in booked

WS,

The Pelvie Arch and Hind Limbs.—The pelvie arch is strong
and firmly knitted to the anchylosed sacral vertebre ; 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
femur is a strong but shortish bone ; it is pneumatic only in
running birds, as e.g. the ostrich. The tibia is the principal
bone of the hinder extremities ; it is long and strong. The



188 COMPARATIVE ANATOMY.

tarsus and metatarsus are soldered together to form one bone—
the tarso-metatarsal.  Anteriorly this bone supports the toes ;
posteriorly, the hallux. The toes are usually four in number ; in
some varieties of the common fowl, however, a fifth toe is found,
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 Systemn.—The muscles of birds are pre-eminently
red and irritable ; they are chiefly massed on the inner side of
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 museles 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 nearly the whole of the keeled
sternum, and is the principal agent in determining the down-
ward stroke of the wing. Beneath this muscle, at its upper
part, is found the second pectoral, the main elevator of the
humerus ; it arises from the upper part of keel of the sternum
and much of its lateral portion. If tapers anteriorly asit passes
along the internal surface of the coracoid to enter the canal
formed for it by that bone together with the furculum and
scapula: it is inserted into the humerus.  This muscle is homo-
logous with the comparatively insignificant sub-clavius of man.
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 conse-
quently acts in harmony with the flexor digitorum, and when
the leg is bent upon the thigh by the action of this extensor, the
flexor digitorum 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 papillze 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 ex-
pands and unfolds, increasing in size, but not materially alter-
ing 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
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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 {ferfiaries ; the distal end of the same hone
with the secondaries ; while the bones of the hand support the
primaries, which are the largest of all. Each quill often bears

~ a little light feather, just beneath the commencement of the

vane, the accessory plume, or plusnule ; 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 repro-
duction, are referred to under the head of the Physiology of
Awves. The composition of the egg, and development of the
chick, are described separately in Chapter XXXVI,

Ll
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CHAPTER XXX

CrassiFicaTioNn oF AveEs—Descriprion oF DirrFErENT (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.

AUTOPImAGL.
Oirder 1. Natatores Swimmers ek,
»w 2. Grallatores Waders Heron.
s . Cursores Runners Ostrich.
s 4. Rasores Scratchers Common FowL

HETEROPHASGL

» 0. Columbe Pigzeons Roek Pigeon.
5  B. Scansores Climbers Parrot.

s 7» Passeres Perchers Sparrows,

s 5. Raptores Raveners Hawk.

By other naturalists Aves are divided into three orders—
Souwrure, Rotitz, and Carinatz. The Sawrure contain the
Archeopteryx alone ; the Ratfitz contain the Rhea, Apteryx,
Ostrich, and Cassowary; the Carinatz comprise all other
birds whatsoever. The Carinate are divided into four sub-
orders :—

1. Dromsegnathee. 3. Desmognathze.
2. Schizognathse. 4, Agithognathee,

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. Matatores. 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,
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or oil-gland, is large, and being applied to the feathers by the
beak, prevents the bird from getting wet, :

The Penguins, Grebes, Puffins, Guillemots, Divers, and
Ducks form one division of swimming birds called Brevipinnatea,
the feathers and wings being short ; in the Penguins they are
quite rudimentary, 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 which the beak is a soft, hori-
zontally compressed bill, covered with a soft sentient cuticle,
supplied with twigs from the fifth nerve, and having fringed
sides, which strain the muddy food. Wings of medinm size.

Order 2. @rallatores. 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 Mucroductyle, because the claws are very
long : they are four in number, and lohed ; 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 nostrils. Legs
of moderate length. Insectivorous in habits,

The Plovers, Lapwings, Bustards, Longshanks, and Oyster
Catchers are comprised in the Pressirostres. All possess amode-
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. cCursores. 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 (Ratita), in
accordance with the small size and power of the pectoral
muscles. The Ostrich alone among birds possesses a true sub-
pubic arch, the two pubes meeting anteriorly in a symphysis.
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The barbules do not hook into each other, the ostrich plumes
being formed of free and independent barbs and barbules,

The Ostriches, Rheas, Cassowaries, and Emeus constitute a
group called Struthionida, 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
distinet group of Cursores, and is singular in possessing only
bare rudiments of wings which end in a claw. Beak long,
slender, and compressed. Tail not visible. The habits of the
Apteryx are entirely nocturnal. The fossil remains of the
Dinornis, a gigantic wingless bird, occurring in the superficial
deposits of New Zealand, and related in structure to the Apteryx,
have been placed in this order.

Order 4. Rasores or Gallinacese. Beak is a short, strong
forceps ; the upper bill or maxilla being vanlted. Legs feathered
nearly to the tarso-metatarsus. There are three anterior toes
and one posterior. The anterior are blunt and adapted to
seratching. Gizzard immensely strong,

The common Fowl, Turkeys, Partridges, Grouse, Pheasants,
Ptarmigan, and Pea Fowl form a group called Climatores. The
wings are short and not very powerful. There is a rudimentary
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
powerful 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, antophagous. 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 inhabiting the Island of Mauritius.

Pigeons afford one of the best instances of the mutability of
species, or rather of varieties ; all the vast number 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 outermost of
the three toes, which as a rule are directed forwards : the ante-
rior toes are therefore the first and second. One of the most

i
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curious habits of birds is met with in certainbirds 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
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 nests, leaving the rightful owners to perish
miserably of cold and hunger. Scansores are both insectivorous
and frugivorous in their 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 mem-
brane. 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 flicht 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 coni-
cal beak, which tapers quickly from a broad base to a short tip.
Their habits are various ; some are insectivorous, e.g., some
Finches ; others, carnivorous, e.g., Crows ; others, phytophagous,
e.q., Hornbills ; and others, omnivorous. The Hornbills and
Toucans 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 ap-
pearance of a tooth to the contiguous part of the beak, on the
margin of the upper bill, near its tip.

The Humming-birds, Hoopoes, Wrens, Creepers, and Honey
Eaters constitute the Tenuirostres, in all of which 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 Iissirostres; they have a wide but short beal,

0
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During flight the mouth is kept wide open, and any insects
which it encounters are retained by a viscid secretion poured
out from the mueous membrane. They are thus of great value
in keeping down the quantity of flies and gnats, it being com-
puted that a young swallow consumes upwards of 1,000 a day
of these insects. Some of these, e.g., 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 Noctwrnal Raptores ;
as their name implies, they hunt by night. Their plumage
is very soft and downy, especially on the under surface of
the wings, rendering their flight almost noiseless, and so en-
abling them to pursue their prey with silence 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 crop. They live on insects, field mice,
birds, and frogs. Falecons, Hawks, Eagles, and Vultures form
another group, called Diurnal Roptores. Eyes smaller than in
last group, but very bright, and capable of bearing a bright
light. Powers of flight are carried to the highest pitch of per-
fection in this group, 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 sfand 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 scales, 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, which live on carrion,
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CHAPTER XXXII.

PuysiorLogy oF AvVEs.

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 it is short and strong in the grain-feeders; long and
slender 1n the insectivorons 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 un-
gainly in the Hornbills, Toucans, 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 sensi-
tive 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 pharnyx 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 stomach, called
the crop; there is nmo 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-
feeders that the crop attains its largest size ; in the common

o2
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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 wsophagus is continued downwards from the crop to an
expanded portion, called the * proventriculus,’ or * ventriculus suc-
centuriatis’: this is the true digestive stomach, and secretes the
gastric juice. It is very wvariously shaped. The ‘ preventricu-
Ins’ almost immediately leads into the muscular stomach or
gizzard, which is also called the  ventriculus 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,
forming as it were, an organ of mastication. The muscles com-
posing the walls of the gizzard all radiate from two very strong
anterior and posterior tendons. A pyloric valve, which is some-
times 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-cmcal valve, but two ceca 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
duets, which pour their contents respectively into the right and
left subclavian veins,

Circulation.—The blood is somewhat hotter, as is the
weneral 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 anything but a rudimentary 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 cursorial birds the air only reaches the lower ex-
tremities.

Expiration is effected by means of the sternum being foreibly
drawn towards the vertebral column by muscular action ;
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inspiration is effected by the resiliency of the sternum enabling
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 position 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 chief seat of vocalisation. 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 hemispheres (prosencephalon)
are 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 recog-
nised the floceuli or pneumogastric lobules, There is no fornix,
or corpus callosum. The optic lobes are not only inferior 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 tip of the sensi-
tive beak. '

SENSES,

Touch.,—This sense resides chiefly in the bhill and tongue.
The soft corium of some birds’ 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-
dermic 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 which 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
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somewhat convoluted. The mnostrils are variously situated,
generally upon the upper mandible ; large and open in most
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 an internal ear are now
present for the first time. The external ear consists of a
meatus only, there being as yet no 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 colwmelle. 'The internal ear comsist of vestibule,
semicireular 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 perfectly developed. In addition teo
the ordinary tunies and humours, a singular vaseulo-pigmentary
structure i1s developed within the eye of birds, which passes
from the entrance of the optic nerve towards the circumference
of the lens. This is called the marsupium or pecten ; its use is
probably to absorb super-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
muscles placed at the back of the eyeball, called the pyramidalis
and guadratus 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 Har-
derian gland, situated behind the conjunctiva at the nasal angle
of the orbit. The iris of birds contains striped as well as un-
striped muscular fibre,
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CHAPTER XXXIII.

GENERAL CHARACTERS OF MAMMALIA.

Definition.— Vertebrate animals possessed of mammary
glands.

All possess mammary glands and teats except two, the
Ornithorhynchus and Echidna, which possess the gland only.
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 hemispheres 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 process.

The cranial vertebrae 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 bones which
are considered to make up the nasal, frontal, parietal, and
occipital vertebrse. They articulate with the spine by two con-
dyles. The cervical vertebrze are always seven in number, ex-
cept in the Ai, or three-toed Sloth, in which there are nine ;
and in the Manatee, in which there are but six. The dorsal
vertebrse 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 rep-
tiles or birds. The sacral and caudal vertebrse vary much. The
upper extremities 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
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6897 parts of earth, and 3103 of animal matter. We have to
glance at the condition of the cervical, dorsal, lumbar, caudal,
and cranial vertebrzae.

The cervical vertebraz are as a rule freely movable, and pro-
vided with neural, but no hwemal arches. The parapophyses
and diapophyses enclose a foramen for the lodgment of the
vertebral artery.

Trunk vertebra vary in number from eleven to twenty-four.
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

SH_UI.L oF Lios.

a. Exocecipital. & Bupraoccipital. ¢. Paroccipital, d. Mastoid.
e, Postfrontal. f. Nasal. ¢. Frontal. &, Parietal. ¢ Premaxillary.
&, Maxillary. { Mgalar. m. Bqoamosal. . Tympanic. 0. Dentary.
P. Incisor teeth, gq. Premolar. r, s, and ¢, Molars,

‘ vertebral,” ‘free,” or ‘floating’ ribs. The sternum is keeled
in the Monotremata alone; in all other mammals it is flat.
It consists of a pra-sternuwm (manubrium), meso-sternum (gla-
diolus), and wiphi-sternwm (ensiform cartilage). The latter
does not support ribs.

Laumbar vertebra 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 Vertebra.—Absent in Cetacea, except Sirenia, which
has one sacral vertebra ; all other Mammalia possess them : as a
rule implacental mammals have two, and placental mammals four
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sacral vertebree. Some of the Primates, including man, have
five.

Candal vertebra 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 composzed of two tables,
an outer, somewhat yielding, an inner extremely dense or
vitreous, with an intervening cellular structure or diplie.
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 parasphenoid. The pre-sphenoid and basi-sphenoid are
ossified from distinct centres. There is no os guadratum,
unless, as some naturalists maintain, its homologue be found in
the incus of the middle ear. The mandible is a single bone,
ossified from two centres; it articulates directly with the
squamosal bone. No post-frontals or ossa transversa are met
with.

Scapular Arch and Pectoral Limb.—The scapula 1s a flat bone
divided by a spine into two dorsal planes; there 1s also a
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
complete, reaches from the scapula to the sternum ; this bone,
however, presents many variations in mammals, from a simple
spicula to a well-developed bone. 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 which
possess more than one digit, this single digit corresponds to the
middle finger.

Pelvic Arch and Hind Limb,—The ilium when present, homo-
logue of the scapula, is a flat bone, and articulates with the
sacral vertebrse. The ischium, homologue of the coracoid,
forms the under part of the pelvis, and, for the most part,
surrounds the obturator foramen. The pubis, homologue of
the clavicle, forms the front part of the pelvis, and unites with
its fellow anteriorly at the symphysis pubis. All three bones
assist in forming the acetabulum, and all three are long dis-
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tinctly Tecognisable as separate bones, Taking the horse still
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 ;

Fig. 4.

Fone-LiMe oF A HORSE.

g, Bcapula, b, Humerus ¢ Ulna. d. Radins. e Pisiform. . Conei-
form. g. Uneciform., #&. Lunare. 4. Scaphoid. & Magnum (these
bones form the wrist or carpus, but together are commonly called
knee), 1. Middle metacarpal, or cannon bone. m. Third meta-
carpal or splint bone, fl. Besamoid bone.  o. Greater pastern,
or first phalanx. p. Lesser Pastern, or second phalanx. . Coffin
bone or nngual phaf:mx, covered with nail or hoof. ¢. Coronary 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
correspond to the middle toe in those mammals which possess
more than one digit.

The Ewxoskeleton and its Appendages.—Mammals are generally
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covered with a hairy skin, The most important modifications,
as ¢.¢. 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 monophyodont ;
when the milk set is succeeded by a permanent set they are

Fig. b,

Hmmnp-Ling oF A HOUSE.

a. Pelvis, & Femur. ¢ Patelln, . Tibia. e Os caleis. £ Coboid.
g. Astragulus. 1. Scaphoid, k. Ecto-cuneiform. I, Third Metatarsal
bone. i, Middle Metatarsal bone. ». SBesamoid bone, o, p, andr.
First, second, and third Phalanges. g. Coronary bone,

called diphyodont. In some, however, we find an intermediate
dentition which has been termed heterodont. In the human
subject there are thirty-two permanent teeth, which have
received the following names : the central teeth, placed on the
maxille, are the incisors ; the next tooth in the maxilla is the
eanine ; the next two are premolars; the last three true molars
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CHAPTER XXXIV,

CLASSIFICATION OF MAMMALIA.

MamMALIA are divided into different orders by different mnatu-
ralists ; but, broadly speaking, one of two principles is followed,
the one of a somewhat artificial character, founded on anato-
mical and psychological 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 sub-class 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 arti-
ficial 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 it 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 classifications of Mamialia at present in vogue are,
however, the following :—

- M s
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CEREBRAL CLASSIFICATION,

Orders Type
Sub-Class 1. Archencephala Bimana Man
ot g (Juadrumana . Ape
Unguiculata J Carnivora . . { Eﬂ;
. Hog
[ Artiodaetyla . :
Sub-Class 2. Gyrencephala { {}?}E?ams
Ungulata . . - Perismdact:,‘la.{ Rhinoceros
Proboscidia . . Elephant
: Cetacea . . . Whale
\Mutilata . {Sirenia . « . Dugong
i Sloth
Brata .. . . { Armadillo
Cheiroptera . . Bat
Sub-Class 3. Lissencephala Insectivora . { g%?:;\r
Rodentia . . { ﬁ’;tf_ﬂ
Marsupialia . . Kangaroo
Sub-Class 4. Lyencephala { Monotremata { {}r;;:;.’]llliiluﬁ

In reference to theabove, it inust be remarked that the marsu-
pials and monotremes, which are distinguished as Lyencephala,
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, Archen-
cephala, however pleasing to our vanity, or correct in a purely
paychological 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 regarded
as, for a time, a very good one,

PraceENTAL ot RErrRoDUCTIVE OrcAxs CLASSIFICATION.

Orders Type of Placenta
{ Primates Discoid
%amivnm lZunuIar
; : nsectivora Jiscoid
Sub-Class 1. Monodelphia, Deciduata § o & it Discoid
Rodentia Discoid
Proboscidia Zonular ?
Doubtful Sirenia —_—
Diffuse in Hogs,
Artiodactyla Cu{,}'lmlmmus
2 in Ruminants
Non-Deciduata | perissodactyla  Diffuse
1 Cetacea Diffuse
Bruta

Sub-Class 2. Didelphia . . .  Marsupialia Aplacental
Sub-Class 3. Ornithodelphia . . Monotremata  Aplacental
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This classification, in associating such totally dissimilar orders
as Proboseidia and Primates, Carnivora and Cheiroptera, is
manifestly imperfect, and even misleading ; but, for reasuns
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 adopts the above classification and divides
the entire sub-kingdom of Vertebrata as follows :—

1. Mammalia ; 2. Sauropsida (sadpe, a lizard ; éde, look,
aspect), which includes both Aves and Reptilia ; and 3. Ichthy-
opsida (ixPic, a fish, 6 ), 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
possessing a placenta at all, Each of these sub-classes contains
the following orders :—

Mammalia possessing a discoidal deciduate placenta :(—

1. Primates.
a. Anthropide (Bimana).
B. Simiadse (Quadrumana).
y. Lemurideze (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 (Adves ef Reptilia).
Aves he divides into three orders.

1. Saurur® (saipa, a lizard ; oipd, a tail) : only contains
the fossil Archeopteryx.
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2. Ratite (ratis, a raft) : include birds whose sterna are

not keeled, e.q. Ostriches.

3. Carinate (caring, a keel) : birds whose sterna are keeled.

EBeptilia he divides into four living and five extinet orders.

ek

- ol ol L o

Crocodilia,
Lacertilia, Livi
= 3. T r

Ophidia, S
Chelonia,
Ichthyosauria (ix8ic, a fish ; satpa), 3
Plesiosauria (xAysivg, near ; gabpa),
Dicynodontia (ét-, two ; xdwr, a dog ; édode, a | oxtinet.

tooth),
Pterosauria (wripor, a wing ; caipa),
Dinosauria (dewdc, terrible ; saipa), J

3. Ichthyopsida (Amphibia ef Pisces).
Amphibia he divides into four orders.

T

2.
5

Urodela (wipd, a tail ; dijAog, manifest) : Proteus,
Newts, &e., &c.

Batrachia (3drpayoc, a frog) : Frogs and Toads.

Gymmnophiona (yvpric, naked ; dpic, a snake): Cecilia,
&e., &e.

4. Labyrinthodontia (labyrinth ; éfeéc, a tooth) : extinct.

Pisces into six orders.

1,
2.

3.
4,

Dipnoi (¢i-, double ; mvosy, breath) : Lepidosiren, &c.

Elasmo-branchii (‘Aaopa, a thin plate ; Spiyye, gills),
Sharks, &e.

Ganoidel (yavoc, brightness) : Lepidosteus, Polypterns.

Teleostei (-ékewr, perfect ; doréor, a bone) : most living
fish.

Marsipo-branchii (udgsimoe, a pouch) : Lampreys and
Hags.

Pharyngo-branchii : Amphioxus,
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CHAPTER XXXV.
Crass V. MaMMALIA—DESCRIFPTION 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 ina
very immature condition. There are marsupial bones on the
female pubes, which are really ossifications 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
Pterodactylus is the link between the Birds and Reptiles. This
gingular animal is shaped like, and somewhat resembles, a large
mole, but its jaws are prolonged in the shape of a broad flat-
tened bill like the beak of a duck, bearing the nostrils upon
its upper surface. The five claws are all connected by webbing,
likke 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
1s unknown, but it is conjectured that the horny bill is preceded
by a suctorial mouth, which is probably placed in communica-
tion with the orifices of the lacteal ducts, which open upon a
plane surface, there being no nipples.

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. The lacteal ducts
open into a pouch-like involution of the integument : like Orni-
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thorhynchus, it has no teats. Both the Echidna and the Or-
nithorhynchus are crepuscular or nocturnal in their habits, as
is the case with so many of the Australian Fauna.

Order 2. Marsupialia comprise Kangaroos, Phalangers,
Wombats, and Opossums. They inhabit Awustralia, 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 female the pouch is inverted, and serves as a receptacle
for the offspring. Each oviduct of the female leads into a per-
fectly distinet 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 (fi.-, two ; ‘elsic, the womhb)
to the order. That this is scarcely a sufficient circumstance
upon which to ground the placental classification above referred
to, is seen in the fact, that even the human uterus ocecasionally
presents this peculiarity. Such a reversion is evidence enough
that this double condition of the marsupial uterus does not con-
stitute 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
distinet from the passage for the feeces. The two passages, how-
ever, open together, and are guarded by a common sphincter.
The testes are never retained in the abdomen, as in Monotre-
mata, but are suspended in a scrotum placed anteriorly to the
penis. 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 asin Monotremata, but is appended as a process
to the scapula. Teeth always present, but only one set are
ever cut.

The Wombat is a nocturnal, phytophagous marsupial, in-
habiting Australia ; it resembles a gigantic guinea-pig, with
short stumpy legs, no apparent neck, no visible tail, and a very
fat round body covered with soft, light brown hair. Dental
1-1 0-0__1-1 4-4
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The Kangaroo is also a phytophagous Australian 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,
and are used chiefly as organs of prehension. Dental formula:
§3-3,0-0 pmhl_:l.- he =28
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The Phalanger, Koale, or Native Sloth, is an arboreal phyto-
phagous Australian marsupial, about 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 Pe-
taurus, 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 Fnfomophaga,
are not herbivorous, but carnivorous in their habits. They
comprise the Bandicoots (Peramelidz) and banded Ant-eater
(Myrmecobius) of Australia, and the Opossums of Ameriea
(Didelphida).

The Opossums are arboreal, and feed on birds, small animals,
and fruit ; they have prehensile hind feet and prehensile tails.
The marsupium 1s 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

. 65— 1-1 3—3 44
formula: @ 5#56 1_111131- e m :;—52.

The Thylacine is another carnivorous marsupial, about the
size of a collie-dog, inhabiting Tasmania ; and the low-looking,
broad-headed, fierce little Tasmanian Devil (Dasywrus vrsinus)
is 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 or diastema. The former are called
from their chisel-like edge denfes scalparii. Rodentia possess
five toes on each foot. The orbits are not separated from the
temporal fossse. Clavicles rudimentary. The hind legs of
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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 scrotumn during the rutting
season, and then ascend again. Many hibernate. DMost rodents
are small 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 to-
gether by a mortar of mud, which it lays on with its flat, scaly,
trowel-like tail. The Flying-Squirrel (Pferomys) possesses an
integumental cloak, like that of the Pefawrus, 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, con-
taining upwards of thirty different genera. Dental formula :
. 1—-1 0-n 6—06 2-2
¢ GU—U‘ m = or 2;—_-2—28 or 12,

Order 4. Insectivora are also distinguished by their den-
tition. In them we find incisors, canines, and molars. The
latter are peculiar teeth, their summits being furnished with
numerous cusps. ‘ They are unguiculate, plantigrade, and pen-
tadactyle, 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 scrotum, 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: i Emls PR W 3_‘-3—44.
The Galeopithecidae or Flying Lemurs are considered as some-
what ‘aberrant insectivorous forms.” They differ from the
other insectivora in having a ‘ patagium’ or ‘ flying-membrane.’
The limbs are elongated, and are connected together, and to the
neck, trunk, and tail by the patagium, this membrane also

uniting the digits of the posterior limbs. In these creatures the
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patagium is covered with hair on both sides. The dentition is
somewhat peculiar, the outermost incisor teeth of the upper jaw
being provided with double roots, this peculiarity not being
known to exist elsewhere.

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
8-8 1-1 . 8=3% _ §=8
= e e e

Order 5. Cheiroptera (ytip, a hand; wrendv, a wing) are
distinguished by the peculiar modification which their digits
undergo ; the latter, except the thumb, are immensely lengthened
and provided with a membranous covering, which passes in a
wing-like manner from the webbed phalanges to the lower ex-
tremities ; the phalanges of the thwb are much shorter than
the rest, and terminate in a hooked process, by means of which
the animal clings to branches of trees or projecting parts of
walls. The integumental cape is called, like that of the Flying
Lemurs, 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 sup-
plied with nerves, rendering it a most acutely sensitive organ of
touch : the sense of hearing is also very highly developed. The
Vampire Bat (Phyllostoma spectriom) has a curious leaf-like in-
tegumental expansion covering the nose. It has attained a very
evil reputation from its supposed habit of attacking sleeping
human beings and sucking their blood. The truth of this asser-
tion, however, is doubtful. They are well known to attack
cattle, but it is seldom, if ever, that they assail man. Upon
the anterior surface of the stomach of these creatures is to be
found a diverticulum or csecal pouch communicating with the
cavity of the viscus, and suggesting some analogy between it
and the ceecal diverticula of the stomach of the blood-sucking
leech. The phytophagous Bats comprise inter alios, the Peropus,
or Fox Bat, which is a fruit-eating bat, although it possesses
a head almust exactly resembling a fox. Dental formula in maec-

0—0 1-1 _1-1 3-3

formula: 3

tivorous Bats is i el e 3—1601-20
; s 2 2=-2 1-1 6-6
In frugivorous Bats it is 4 53t D 36.
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Order 6. Bruta (fdentula) are many of them perfectly eden-
tulous ; 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. One
species, the three-toed Sloth, has nine cervical vertebre.

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 monophyodont, if they possess teeth at all: the
central incisors are never developed; and the canines rarely so.
Clavicles generally present, but absent in Pangolins and
Myrmecophaga.

A placenta is present during development. There are certain
features which connect them somewhat closely with the Sau-
ropsida, such, e.g., as the convolutions of the trachea, the in-
creased number of cervieal vertebrse, 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 (Bradipodidaz) are South American phytophagous
Bruta, which pass their lives among the branches of the prim-
eval 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-
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 Ai, or three-toed Sloth, has three short
toes furnished with enormously strong curved claws, and six-
teen 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 pro-
gression and for security when hanging, more suo, from the
branches of trees. A remarkable rete mirabile is found in the
axilla, which nourishes and sustains the muscles of the limbs
during their long tonic contractions.

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
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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
digging claws, and a small head ending in a long bony snout,
which is about four inches wide and a foot long. This edentu-
lous 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 (Manida) 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. Sirenia (wr’mw, a siren or ]].‘l&l‘ll]ﬂid} are ph}TtD_
phagous. They possess molars as well as incisors, and 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 possess vesiculse semi-
nales, salivary glands, and a membrana nictitans, which Cetacea
do not.

The Dugong and Manatee are illustrations of this order.

In the genus Manatis there are but six cervical vertebra.
In all, the mamme are pectoral, whereas in the Cetacea they
are ingninal.

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 te give it the appearance of being
double. Anterior limbs act as paddles. Dental formula of
young Manatee : i z%;:- mgg_:ss =40. They browse upon the
sea-weed and fuel of the rivers and sea coasts, where they are
found. The extinct Rhytine belonged to this order.

Order 8. Cetacea (viro, a whale) are fish-like in form and
habits. They are either edentulous or monophyodont, 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
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on the top of the head, and constitute the blow-holes or spiracles,
The peculiarities of their respiration are deseribed 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, except on the
lower lip. The testes are abdominal, and there are no vesiculse
seminales. No hind limbs or sacrum, but a small pelvis is pre-
sent, which supports the penis or clitoris, and rudimentary
femurs. No clavicles. The head iz enormous, often forming
half the entire bulk of the animal.

The Bal@nide, or whalebone Whales, are all toothless whales:
in Balena DMysticetus, however, we find rudimentary teeth
in early feetal life. They comprise the largest of all living
creatures, the Greenland Whale, which is the Coryphaus 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 leads to a comparatively small cesophagus. This
is due to the fact that the monsters live on minute prey, small
Pteropoda constituting the chief article of diet. The mouth
s surrounded by wvertical fringed plates of ¢ baleen,” or whale-
bone, 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, entangle the Mollusca on which the
animal feeds.

The Finners belong to the Bal®nidse, and are characterised
by having a dorsal cutaneous fin, a furrowed skin, and very
large fins or ‘flippers.” The blubber of the Balienidw is the sub-
cutaneous fat, which exists in enormous guantities for the pur-
pose of maintaining the animal heat during their protracted
immersion in the Arctic seas.

The toothed Whales (Odontoceti) form another group of
Cetacea, all of which possess a great many large conical teeth,
implanted in alveoli and oceupying 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
1s used in perfumery. The head is large and abruptly truncated,
like the entwater of some steamers ; it ocecupies 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 Physeteride, as these Sperm Whales are called, swim in
large societies or ‘schools” The males are much larger than
the females,
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Another group of Cetacea comprises the Dolphins, Narwhals,
and Porpoises, and iz known as Delphinidae, all of which possess
teeth (sometimes ecuriously modified) in both jaws. The
Delphinidee are less aberrant in shape than the other Cetacea,
the head only forming about one-seventh of the entire animal.
The blow-hole is single, and placed on the top of the head: it is
generally transverse in direction, and lunate in shape. The
common Porpoise (Phocana communis) is by far the best known
member of this group. The head is not so sharp as in Dolphins,
The Grampus also belongs to this group. The Narwhal
(Monodon Monoceros) is remarkable for its dentition. The
lower jaw is destitute of teeth; the upper jaw of the male con-
tains two abortive molars and two incisors, one of which, the
left, is enormously developed to form a spiral ¢ rostrum’ or tusk,
which may be seven or eight feet in length. It 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 females possess rudimentary teeth in
the npper jaw, and occasionally develop a tusk like the male.

The right upper inecisor is present, but only developed sufh-
ciently to cut the gum.,

The skull of Cetacea is remarkable, and differs from the skull
of all other mammalia in the bony ear-capsule being separable
from all the rest of the bones of the skull, and only connected
to the cranium by ligament. These bones constitute the so-
called ¢ ear-bones’ of the whale.

The peculiarities in the eirculation and respiration of Cetacea
are referred to under the head of the Physiology of Mammalia.

The UNGULATA or hoofed mammals, which form the next
sub-class, 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 contain three
orders, Proboscidia or Pachydermata, Artiodactyla or Rumin-
antia, and Perissodactyla or Solidungula.

Order 9. Probescidia comprise the Elephant and the extinct
Mastodon, the Dinothere, and the Mammoth. Proboscidia are
characterised by a peculiar dentition, and by a singular modi-
fication of the nose. There are no canine teeth, but the incisors
are developed into tusks, which, in the Elephant, grow from the
upper jaw ; in the Dinothere they grow from the lower jaw ;
and in the Mastodon from both jaws., These incisors are asso-
ciated 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 #runk, in which Cuvier
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counted no less than 20,000 distinet museles, which is terminated
by a small prehensile appendage like a finger. They are penta-
dactyle. The testes are abdominal ; the mammee are pectoral.
The dorsal vertebre and ribs number about twenty, and the
lumbar vertebrie about three, There are about four vertebra
in the sacrum, and about twenty in the tail. The bodies of the
cervical vertebrie are very much flattened, reminding one of the
condition of the vertebrae in Cetacea, and the meck is conse-
quently short. The skull is very larze, but contains very larce
loculi or spaces for air, which materially lighten the massive
structure. The premaxillze are large and the nasals small ; the
mandible forms a bifid enrled projection at the symphysis. The
super-cccipital crest is high, affording attachment to the power-
ful muscles of the neeck.

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,

.1-1 2
Dental formula — Elepl : A i
ental formula ephant o 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. Pertssndat!tj'la.{mpmm.g, add ; ﬁf}x:‘trlrm, a ﬁ}’]gﬁr:}
comprise the odd-toed Ungulata, whether the digits be one, as
in the Horse, or three, as in the Rhinoceros. The dorso-lumbar
vertebrie 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, arve always dermic growths. The alimentary canal is
simple, but the cmeum is very large. Many of the Perisso-
dactyla are fossil, e.g. Palieotherium, 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 nail called a hoof, so that the horse walks and runs
not merely on its toes but on its nails,
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40.
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Dental formula : 4 i e

The Limbsof 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 secapula
is placed at an angle both to the spine and to the fore limb, in-
creasing the elasticity of the limb, and distributing the con-
cussion 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 heing
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
gplint-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 the spine and femur at a double angle. The femur is
ghort, 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 corres-
pond 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.
. 2=2 7
i " - i TR F L /)
Dental formula : i S ¥
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.

=306,
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Dental formmla: @ 3-a c S m s 42, |
The Hyrax isa 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 dorsi-lumbar vertebree.
] L aS=9 4—4 3—-3 _
Dental formula: 4 = o = 36.
By some authors this animal is elevated to a distinet order,

the Hyracoidea. It is the Coney of Secripture.
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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 distinet one, than this
order of Ungulata, the Horse being traced by a sucecession of
the finest links, first to the three-toed Hipparion, and back
from Hipparion to the Anchitherium of the Hocene strata, in
whom not only were there three digits on each foot, but dis-
tinct and perfect fibulse and ulnee.

Order 11. Artiodactyla comprise the even-toed Ungulata.
‘ The digit answering to the third in the pentadactyle foot is
unsymmetrical, and forms, with the fourth, a symmetrieal pair.’
The number of dorsal and lumbar vertebrse may each vary in
different species, but added together they almost invariably
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,

Most Artiodactyla possess a complex stomach, and a com-
paratively small eiecum. Many species are extinct, e.g. Mi-
crotherium, Anoplotherium, &e., but it is also very numerously
represented at the present day.

Most Artiodactyla do not develop all the teeth, some, as a
rule, being abortive ; but the typical dental formula is—

. 0—0 0—-0 3—-3 _3-3 .
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Artiodactyla comprise ruminating and non-ruminating
animals. The Ruminantia contain five families—Camelide,
Moschide, Cervide, Camelopardalidee, and Cavicornim. The
Non-Ruminantia contain three families—Hippopotamidse,
Suidee, and Anoplotheridee.

The Camelide 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 homologous to the frog of a horse’s foot.
There are no horns. The dentition is peculiar, there being two
canine-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 1s divided into
deep pits, with muscular sides and tops ; the latter contracting
converts these pitsinto barrels, which, being filled with water be-
fore they start on a journey, can be tapped at will during the trip.

The Moschide, or Musk Deers, are peculiar in possessing
eanine teeth in both jaws, the upper ones in the male forming



222 COMPARATIVE ANATOMY.

tusks ; in the second and fifth digits of both fore and hind feet
being complete ; and in the anchylosis of nearly all the tarsal
bones. The red blood-cells of the Musk Deer are smaller than
those of any other vertebrate, only measuring ;53::th of aninch
in diameter. The well-known perfume from which these
animals derive their name, is secreted by an abdominal gland,
which the male alone possesses.

The Cervide include all the true Deer. All the males possess
dermic horns, which are shed in the antumn, and grow rapidly
in the spring ; very rarely, as e.g. in the Reindeer, the female
develops 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 of the integument called the
welvet ; 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
circumferential rim just above the frontal bone, and called the
burr, becomes more pronounced; the growth of this burr
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 i1s 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 fynes, and the
branchlets the snags. The first tyne is the brow fyne, the second
is the bez fyne, the third is the royal, and the cluster at the
erown arve the sur-royals. The Stags only develop a perfect set
in the course of several years ; thus a one-year-old Red Deer
is called a brocket, and only develops 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, develops
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 extinet Irish Elk belonged to this family, and developed
antlers of enormous magnitude. All the Cervids possess large
glands beneath the eyes lodged in tear pits, which pour out a
copious watery secretion, especially under excitement.

The Camelopardalide include the Girafies, and are known by
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possessing two permanent stumpy frontal horns. The neck,
long as it is, only consists of seven cervical vertebree : 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 Cavicorniz (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 beauiifully twisted and curled.

.0-0 0-0 66
Dental formula : i =3 ‘7= "a=s =32.

Turning now to the non-ruminating division of Artiodactyla,
we find the Hippopotamide, Swide, and Anoplotheride. The
Hippopotanus is a huge unwieldy mammal, nocturnal in its
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 masticate it.

Dental formula:i 2—2 ¢1=1 m
2-2 1-1
form the great shovelling tusks.

The Swide, or Pigs, are recognised by having only two func-
tional 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,

.22 1-1 3-3 T=T
Dental formula : 12_2 Ci Peos or mﬁ 24 or 40.

The Anoplotherida form a distinet group of entirely fossil
non-ruminating Artiodactyla found in the lower Tertiary strata,
5—3 1-1 T-T7
9=5 ST g =t
They were slender creatures with long tails, and feet with cleft
hoofs.

Order 12. carnivora, the first order of the Unguiculata
(wnguis, a nail) or nailed mammals, comprise the great banditti
of nature in the fierce beasts of prey. They are distinguished
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 : _1““‘“"“’3,_3* canines, 1—1;

h
i

.= 40. Thelower canines

-1 =T

and having the dental formula : i
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3—-3
developed, and serve as powerful lethal weapons. The clavicles
are rudimentary, or quite absent. They are subdivided, accord-
ing to the character of their limbs, into Pinnigrades (pinna, a
feather ; gradior, to walk), which includes the Seal and Walrus
tribe ; Plantigrades (planta, the sole of thefoot), which includes
the Bears, and all flat-footed Carnivora ; and, lastly, the Digiti-
grades, or Carnivora that walk on their toes, which subdivision
includes the Cat and Dog tribe. The mamms are abdominal,
and the placenta is zonary.

Skeleton of Carnivora.—Cervical vertebra seven, The trans-
verse processes of the atlas and axis are very long, affording
attachment to powerful muscles, which move the head in tear-
ing prey.

Dorsal vertebra thirteen to sixteen, with the spinous pro-
cesses of theupper vertebra projecting backwards, and those of
the lower projecting forwards. Lumbar vertebra four to seven ;
spinous processes short and broad. Saeral vertebrae four to seven.
Caudal vertebra six to twenty-three.

Skull. — Supra-oceipital crest very high, and largely de-
veloped for attachment of muscles ; but the posterior surface of
skull is small, the chief length being due to the large size of
maxillee and premaxillee. The implantation of the canine teeth
is indicated externally by a very large and prominent buttress
of bone. Orbits notseparated from temporal fossse. 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 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 cerebellnm by a bony ten-
torium. The mastoid bone forms a large tympanic bulla, which
increases the vibrations of sound. All carnivera have two sets
of teeth, all of which are coated with enamel.

Appendicular Skelefon.—Scapula flat and bread, divided into
two almost equal parts by the spine. Humerus, a long strong
bone, a good deal bowed, soas to aid in distributing concussions.
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 velour’—being retracted
by an elastic ligament which is connected with their dorsal aspect ;
but when brought into use they are protruded with tremendous

molars, The canine teeth are always very largely
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force by the flewor longus digiforim. They are placed on one
side of the ungual phalanges, and do not linearly suceceed 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. BSeven tarsal bones. Os
caleis forms a very prominent keel. Five metatarsals and digits,
placed vertically as in fore paw. Carnivora comprise Pinni-
grada, Plantigrada, and Digitigrada.

The Pinnigrada comprise 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 integu-
ment, and in action closely simulate the action of the serew of
a steamship. The body is fish-like, and they possess no external
ears, except in the case of Ofaric. Asin Cetacea, nolachrymal
glands are present. They live on fish. Walruses differ from
true Seals in possessing two long tusk-like and nearly vertieal
upper canine teeth, by which the animal drags itself on to the
beach and defends itself if attacked.

The Plantigrada comprise the Bears. The molartesth of Plan-
tigrades are flatter than those of other Carnivora in correlation
with the mixed and often frugivorous diet. The tongue of Bears
1s smooth. The claws are long, strong, and non-retractile ; they
are used in digging. The clavicles areabsent. The kidneys are
lobulated. Remains of the Cave-Bear, Urso speleus, arve freely
found in France and Great Britain. It was a powerful beast, as
large as the Amervican Grizzly, and is found associated with
human remains in the so-called Neolithic and Palweolithic
periods of Prehistoric man. HKHacoons, Bears, Badgers, Kinka-
jous, and Coatis are instances of Plantigrade Carnivores,

The Digitigrada comprise the fierce and powerful Cats, Pole-
cats, Ferrets, Weasels, Dogs, Hymnas, Jackals, Otters, &e.

Some of the Digitigrada, e.q. Weasels, possess sebaceous
glands near the anus, called aial glands, which secrete an offen-
sive fluid, under cover of which the animal escapes when pur-
sued. This anal gland is not homologous with the coccygeal
gland of man. The irides of many Digitigrades are highly con-
tractile, almost completely occluding the pupil at times. The
Hyenas possess four toes on each foot; the rest are pentadactyle.
The Felidz, or Cats, are the most typical of Digitigrada. The
head is almost round, the canines very large, and the masseter
and temporal muscles immensely powerful. Dental formula :

i “3—:; e 1:1 pim ";'—_g m i_—i =32. Thetongue is furnished
with a rasp composed of horny recurved papillee, which assist
Q
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the teeth in lacerating the flesh of prey. The dental formula of
the dog differs from that of the Cats, and is as follows :
i .33-:3 ¢ 1:1 pm:%i m% =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 secforicl
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 never on the same level. Quadrumana are sub-
divided, according to the position of their nostrils, into—1.

Fig. 56.

ERULL oF A MONKEEY.

( Cerecopithecus ruber), showing the facial angle and character of dentition.
. Incisors. b. Canine, ¢ Premolars. o. Molars,

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 SBpider Monkeys ; and 3.
Catarrhines, or monkeys with oblique nostrils approximating
below, separating above, such as the Gorilla and the Chimpanzee.
All Quadrumana are clothed with hair. They all possess perfect
clavicles, pectoral mammse, and organs of generationand repro-
duction similar to those of man.

Strepsivrhine 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.

3-3 3—3 .. 3=3_gp

Dental £ | | Tl T T 2R
ental formula: 1 3°3 pim 3_3m 3”3
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Platyrrhine are either Bouth American or New World
monkeys with prehensile tails. Arboreal in habits. No cheek
pouches., The Howling Monkey (Mycefes), one of the Platyr-
rhines, has a curious modification of the larynx in the shape of
a bony drum attached to the hyoid bone, with which it produces
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 narrow. They are generally
very small animals. Dental formula of the Marmoset
e S p’msﬂg w3

2-2 1-1 3—-3 2-2
e 1-1 3-3 3-=3 _ap
other Platyrrhines : i T & Mgt 3:3—3(1.

Catarrhing 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:
. 2-2 1-1 2-2 3-3
Sl e e el
sile, and is often absent or quite rudimentary. Cheek pouches
present in the lower but not in the higher apes. Baboons have
a rudimentary tail and a gluteal region devoeid of hair. Many
possess ‘ natal callosities,” which are often, as in the Mandbrill,
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 middle 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 2-2  3-3
d78 b1 Pa—g Sy R
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 1s 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

Dental formula of

The tail 1s not prehen-

formula 1s as follows : @

1 The facial angle is calculated by auditorv meatus, and from the gla-
drawing converging lines towards bella, or space between the supra-
the anterior nares from the external orbital ridges.

Q2
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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 distinct pre-
maxillee 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
lumbar vertebrse, 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 bones 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 foot is relatively shorter and broader; the second
digit is the longest; the great toe is never opposable to the
other digits, but is much larger than in the Anthropomorpha.

Muscular System.—DMan possesses a peroneus terfius, an
extensor prima internodii pollicis, a tibial origin for the soleus, and
an entire calcaneal origin for the flexor brevis digiforwm; none of
these are met with in the highest Apes.

Nervous System.—The absolutely and relatively greater size
and complexity of the brain: in Man, too, the brain and brain
case are asymmetrical, in the Simize they are symmetrical.

From this it will be gatherad 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 distinetions.

Bimana are divisible into men with woolly hair, Ulotrichi,
and into men with smooth hair, Leiotrichi. The former com-
prise 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
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brain. Taking a DBushman 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 eranium ; 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 (orthegnathism), a large
and comparatively long cranium; we find also that the gkull is
hilaterally asymmetrical, and the two hemispheres of the brain
notably dissimilar ; the convolutions, too, are much more
numercus and extend deeper into the substance of the brain.
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CHAPTER XXXVI.

PuvsioLocy oF MAMMALIA.

Prehension, Deglutition, and Digestion.—All Mammalia use
their lips as organs of prehension, which are assisted in Bimana,
Quadrumana, Rodentia,and Marsupialia, by their fore limbs. The
Carnivora tear their prey with their claws, but do not use them
as prehensile organs, The proboscis of the Elephant, the snout
of the Tapir, the long muscular and viseid-tipped tongue of the
Ant-Eater, and the long tongue of the Giraffe, are special pre-
hensile 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 without 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 sockets ; the Balmna mysticetus (Whalebone Whale) pre-
sents, 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. These constitute
the chief food of this leviathan of the deep.

The salivary glands are developed much as in man through-
out the Mammalian class, except in the Cetacea, where neither
salivary nor lachrymal glands exist, and in the Ant-Eater, in
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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, pre-
senting a cardiac recess or pouch at the cesophageal end, and
narrowing to a pyloric valve at the duodenal end ; throughout
it 1s lined by an epithelium 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 is a variety of the former ; the
single cavity being partially divided by folds into two or more
spaces ; the histological elements of the mucous membrane are,
however, the same throughout. This form of stomach is met
with in some Cheiroptera, in the Manis or Pangolin amongst
Bruta, i the Kangaroo, in the carnivorous Cetacea, in some
Rodents, and still more typically in the Sloths. The Ant-eater
possesses a sorb of crop, to which succeeds a stomach with such
thick muscular walls as to recall the gizzard of a bird ; a resem-
blance 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, with the ex-
ception of Balwnoptera Rostra, and is the most interesting of
all. In these animals the stomach is divided into four distinct
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 abomasum,
reed, or rennet.

The paunch is by far the largest of all the cavities In the
adult animal, to which it serves as a storehouse 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
searcely 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 six
inches in breadth, and three inches in depth. They are sub-
divided by muscular partitions into many distinct cavities.
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The reficulun 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 ani-
mal’s mouth, there to undergo a second mastication ; this con-
stitutes 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 czsophagus 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 ruga:. The rennet contains the stomach
tubes which secrete the gastric juice. 1t is here that the albu-
wminous 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 distinetion
between large and small intestines ; these exceptional animals
do not exhibit any such distinetion, nor do they possess an ileo-
cmcal valve, The digestive canal is almost invariably longer in
the herbivorous than in the earnivorous 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 cmeum
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 ; which evolution
must teach us to regard in the light of a relic of a former con-
dition when a double cecum existed.

Circulation.—In all Mammals the heart consists of four dis-
tinet chambers : two auricles, and two ventricles which form a
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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 circulation. 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 Mam-
malia the branches from the arch of the aorta are symmetrical,
in all the higher Mammals they are unsymmetrical. The
brachial artery in the Cat tribe passes through a foramen in the
humerus above the inner condyle, to protect it from pressure ;
a similar arrangement is met with in the artery of the coffin-
bone in the Horse. When a large artery breaks up into a num-
ber of branches, all of considerable calibre, which freely inoscu-
late with each other, a ‘rete mirabile’is formed ; such an ar-
rangement 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
thoracie intercostals of Cetacea. In regard to the venous system,
Man and all higher, and many of the lower Mammalia only pos-
sess one superior vena cava; in Rodentia and Pachydermata
there are two. In the Cetacea, venous as well as arterial plex-
uses exist, and serve as reservoirs for the impure blood during
the protracted immersions of the animal.

In all Mammals except the Camel, in which they are oval,
the blood discs are circular.

Respiration.—All Mammalia possess a diaphragm. In all ex-
cept 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 sphineter 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 mus-
culo-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 any water get-
ting into the air-passages. After the air that the animal has
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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 pharnyx contracts, the muscular sum-
it of the spiracle relaxes, the muscular walls themselves con-
tract and force the water nﬁlently 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, parti-
cularly in the Bears, Otters, Seals, and some Cetacea, and to a
less extent in the Ox.

Nervous System.—The proscencephalon (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 cerebel-
lum consists of lateral hemispheres as well as a median vermi-
form process. These characters apply to all Mammalia. Mono-
tremata, Marsupialia, Rodentia, Insectivora, Cheiroptera, and
Bruta possess 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
intelligence. The main difference between the brains of Bimana
and Quadrumana lies in the greater complexity of Man’s brain,
the greater depth of the sulci, 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.

Touwch.—Tactile 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
Rhinoceros, in the tip of the Elephant’s trunk, in the general
integument of Cetacea, in the base of the whiskers or vibrissz
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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 in-
strument of touch.

Taste.—The tongue is the seat of the sense of taste in all
Mammalia except the Cetacea, which 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 papillm 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.

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 musecles. This is
enormously developed in the Elephant, forming the trunk.
The eribriform 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 which the
sense is very acute, the pinna is very extensive. The tympanic
cavity is always traversed by four ossicles, a malleus, incus,
stapes, and os orbiculare, 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.
Nocturnal Mammals have comparatively large eyes. The Mole
possesses extremely small eyes, and was said not to possess any
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optic nerves: they have, however, been recently discovered by
Mr. Perrin. In Cetacea, as in Fishes, the sclerotic is immensely
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
evelids ; the true Cetacea possess only a membrana nictifans.
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 recti
and two obliqgue musecles, there is usually a funnel-shaped
muscle, called the choanoid muscle, interposed between the
recti and the optic merve. The contraction of this muscle
serves to protrude the eyeball.

Nearly all Mammalia, except Bimana, Quadrumana, Bruta,
and Monotremata, have a portion of the choroid lined by a pig-
ment layer of metallic lustre, situated at the bottom of the eye-
ball, called the tapetum lucidum. It serves the purpose of a
concave reflector, and illumines the eyes of the animals, which
possess 1t, in the dusk.
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CHAPTER XXXVII.

Oraans oF GENERATION AND Mope oF REPRODUCTION
AMONGST THE OVIPAROUS YERTEBRATA.

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 im-
mediately behind the anus, and in front of the urinary canal.
These ova are impregnated externally to the body of the female
by the semen of the male, which is emitted loosely into the
water, and coming into contact with them 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 distinct oviducts. In the highest of the
Chondropteri, e.g. the Shark, impregnation takes place in-
ternally : 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 oviposition, 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




238 COMPARATIVE ANATOMY.

column by folds of peritoneum. The right ovary and oviduct
is always atrophied, so that it is the leff 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 oviduect differs in each of these situations, and in each the
ovum obtaing a fresh covering ; first, the white of the eqg, next
the membrana putamanis, and lastly, in the uterus, the calcureous
shell,

The testes of the male are sitnated in the lumbar region,
and increase very remarkably in size during the breeding
season, Dale birds that pass an aérial 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 ovam 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 vifelline 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 membranus sae, called the ecica-
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 wvesicle 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 caleareous shell.
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The albumen is the white of the eqq; it is secreted by the
lining membrane of the oviduct, directly after the ripe ovum
has escaped from the ovisac. The ovisac is called in such a case
the calyx ; the albumen surrounds the membrana vitelli.

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 pufaminis is secreted by the oviduet, just
before reaching the wterus ; it 1s a thin opaque tough membrane
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 is called
the air-chamber.

The shell is secreted by the epithelium of the wferus : minute
interspaces being left between the caleareous particles for the
purpose of transpiration.
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CHAPTER XXXVIIIL.

OrGANs oF GENERATION, AXD Mobe oF REPRODUCTION, AMOXGST
MAMMALIA.

Mamuais 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
vesiculme seminales, and Cowper’s glands ; all of them secrete a
fluid which is poured into the urethra, sometimes by separate
ducts, sometimes converging to empty themselves into the ex-
cretory duct of the testes, called 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 oviducts, which
succeed to the ovaries, present dilatations in part of their course,
which dilatations are termed wuferi ; 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 nipples of the mammary
glands, to which 1t adheres, and where its further development
takes place.

s
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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 more
or less permanent scar whenever an ovum escapes ; this scar
constitutes what is known as a corpus lufeum.

The young of all mammals, except those of Monotremata and
Marsupialia, is retained within the uterus until a considerable
degree of development has been atfained, and as the yelk sur-
rounding the blastoderm becomes more and more scanty, some

Ovipuer oF Buys, one of Chelonia, to illustrate the situationsin
which the Ovum eobtains its various coverings.

it. Dilated commencement of ovidoct, or infundibolum. &, Expanded
portion with the mucouns membrane longitndinally mgons. ¢ Con-
tracted portion, or isthmus, . Larger dilatation, or uterus. ¢, Allan-
toie bladder. £ Clonca. g, Rectum., As to the covering of the egg,
the albumen is seereted at &, the membrane putaminis at ¢, and the
caleareous shell at o,

fresh means of support is required for the embryo. A vascular
connection is therefore established between the mother and the
feetus, 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 race-
mose, 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
unite to form a central portion, which is called the body of the
uterus, and this constitutes the entirety of the organ in the
E
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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 18 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,

4
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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. ‘No sooner has incubation com-
menced than the blastoderm becomes distinetly separate from
the yelk and the membrana vitelli, and as it begins to spread
assumes the form of a central pellueid 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 become apparent. These three layers
are of the utmost importance, 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,
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,

R 2
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. . 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 dis-
tinctly 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 occu-
pied by transitory secreting organs, named corpora Wolffiana.

‘ These organs act as temporary kidneys, and pour their
secretion into a membranous sac called the allantois. This
serves not only as a receptacle for this secretion, but also as a
respiratory organ, and is richly supplied with blood. The ar-
teries are derived from the common iliac trunks of the embryo,
and of courserepresent the umbilical 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 allan-
tois in an arterialised condition, into the inferior cava, as does
the nmbilical vein of Mammalia.’!

Such are the briefest outlines of the development of the
oviparous 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
expelled from the uterus of its parent, namely, when the funec-
tions both of the vitellicle and of the allantoid apparatus be-
come 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 fecetus and the uterine vessels of the mother, forming what

! Rymer Jones, General Structure of e Avimal Kingdom.,
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CHAPTER XL.

Sumaary oF THE CoMprARATIVE PnysioLooy oF VERTERRATA,

PreneNsioN, DecruriTioN, AND DicestioN.—Organs of Pre-
hension. In Pisces 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 rays, 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 vibratile
tongue. In the Siren, or Proteus, the lips are the only pre-
hensile organs.

In Reptilia the organs of prehension are various. The
Lacertilia employ their jaws and teeth, and often, as in the
Chameleon, their tongue. Chelonia use their horny jaws, which
are assisted by the long recurved processes in the wsophagus ;
Ophidia employ 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, occa-
sionally assisted by the claws in Raptorial birds.

In Mammalia various parts are employed as organs of pre-
hension., The Monotremata employ their bill-like mouths ;
the Marsupials, Rodents, Quadrumana, and Bimana their fore
paws, or hands; some Cetacea, their teeth ; others, a great sieve
of whalebone ; 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 con-
sist of dentine, crusta petrosa, and enamel ; and the first or
milk set is, in many Mamunals, succeeded by a second or per-



PHYSIOLOGY OF VERTEBRATA—SUMMARY. 247

manent set. There are, however, never more than two sets.
They are lodged in sockets, and never occupy any bones but the
maxille, premaxillse, and mandible.

Salivary Glands,—Pisces do not possess any. Amphibia
possess buccal 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 Ser-
pents are modified salivary glands. In the Chelonia and Croco-
dilia the salivary glands are placed behind the lips. In Awves
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 sub-
maxillary, but parotid glands, which pour out a copious viscid
seeretion, 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 jubata,
possesses the largest salivary glands of all Mammalia, the se-
cretion being poured into a salivary bladder situated beneath
the mandible. In the Ruminants additional glands, called
glandulee Harderi, are present, as well as submaxillary, sublin-
gual, 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 con-
tains teeth. _Amphibia, Reptilia, and Awves all possess simple
pharynges, which communicate with the nasal fossee, and also
with the tympanum. The pharynx forms a pseudo-crop in
some Amphibia, as ¢.¢. the Frog, in whom it is a muscular bag
appended to the hyoid bone ; in the Ophidia it is expansible to
an enormous extent ; in Chelonia it is large, and studded with
long fleshy papillee. In Awves a crop, sometimes double, is pre-
sent at the upper part of the cesophagus. In Mammailia,
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 indistinetly marked off from the
cesophagus ; the cardiac orifice is large, and permits of the food
being regurgitated for a second mastication by the pharyngeal
teeth. BSometimes, as in the Turbot and Carp and most Pla-
giostomi, the stomach is bent upon itself, or is ‘siphonal.’
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Again, in some Sharks it is flask-shaped, e.g. in the Cornish
Porbeagle Shark the cardiac end is as big as a child’s head,
while the pyloric end only admits a ecrowquill ; in the Teleostei
it is more or less tubular. Intestine short and wide ; no ileo-
cecal valve ; long finger-like processes, the appendices epiploica,
are attached to the small intestine, numerous in the Salmon
family, few in number in the Lamprey and Dermopteri gene-
rally. In the Shark family a spiral intestinal fold is present in
the interior of the gut. DMesentery 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-cacal
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 pylorie 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 inereased 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 czecnm is often present in Chelonia,

Aves.—Stomach, of twodistinet sacs, separated by a sphincter
muscle at the cardiac end. The upper smaller sac is the pro-
ventriculus, or true digestive stomach ; the lower is the gizzard
(or ventriculus bulbosus), which in the grain-feeders i1s an im-
mensely strong muscular sac, serving the purpose of a second
masticatory apparatus, but in carmivorous birds is a compara-
tively 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 infermedii. 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 interposition of a
double ceecum—the ceeca 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-csecal valve is present. The intestine ends, as in Rep-
tilia, in a cloaca common to it and to the urino-generative tract.
The cul-de-sac of the vitelline duet is persistent, and opens
into the upper part of the small intestine.
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Mammalia.—Stomach of three kinds; simple, compound,
and complex. The simple stomach is a bent sae, lined with a
rose-coloured rugous epithelinm, 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 i1t may possess
tubular diverticula eonnected with it ; such a stomach is pos-
sessed by Perissodactyla, the herbivorous Cetacea, and Rodentia.
The complex stomach consists of four distinet sacs or sto-
machs, called respectively the pannch or tngluvies, the water-bay
or reticulwin, the manyplies or omaswm, and the rewiet or ab-
omaswin ; it has Dbeen 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
sacenll being produced by the longitudinal muscular fibres
being shorter than the gut itself. In some vegetable-feeders,
as e.q. the Sheep, the intestinal canal i1s thirty times as long as
the entire body ; in Carnivorous mammals, on the other hand,
it is much shorter, e.g. in the Cat, 1t is only five times as long.
It is interesting to note that the appendiz cowei vermiformis of
Man is only found in a few Quadrumana, and in the Wombat,
which is a Marsupial animal. This circumstance is very inter-
esting, because the doetrine of evolution must teach us to re-
gard this structure as a relic of the double ceecum found in
birds ; if this be so, it is singular that the lowest and the
highest orders still possess 1t, while it has quite disappeared in
the intermediate species.

Digestive glands in connection with the alimenfary ecanal.—
Villi, follicles of Licberkiihn, glandulie agminate, glandulme
solitariee, 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.
Pizces,—The liver is very large in fish, elongated in long fish,
and broad in flat fish. It is often deeply lobed. In Amphibia
it is two-lobed and large. In Reptilia it is large, reaching to
the pericardium, and generally two-lobed ; but in Ophidia it is
undivided. 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-Brappenr, PAxcrREAS, AND LACTEAL SysTEM, Pisces.
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Analogues of pancreas are the pyloric caca, each, as a rule,
communicating with the intestine by a separate opening, but
where they are very numerons some of them unite ; in the
Plagiostomi, however, although the ceca are numerous, there is
only a single aperture into the duodenum. Some Ganoidei
possess besides their pyloric ceeca 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 duet. 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 scapulm, and two
on the sides of the coccyx ; these pulsate regularly, and pump
the lymph directly into the veins,

Reptilia.—Pancreas is rather small ; the spleen is well
developed. Gall-bladder always present. Lacteals and lym-
phaties exist, but no glands have been found as yet.

Aves.—Pancreas is composed of three portions, with two
or three ducts. The spleen is small. There are two bile-duects,
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 eold-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, c.g.,
which is extremely active in digesting food at a temperature of
40° or 60° loses its properties on attaining a teraperature of
80° while the mammalian gastric juice is still active at a tem-
perature of 120°

OrGANS oF CIRCULATION. Pisces.—Heart bilocular, situate
beneath the gills. The blood passes first into a large wvenous
sinus, placed within the pericardium ; secondly, into an auricle ;
thirdly, into a ventricle ; fourthly, into an arterial bulb ; fifthly,
into branchial arteries ; sixthly, into branchial capillaries, when
the blood is oxygenated ; seventhly, into branchial veins, which
converge to form (eighthly) the aorta, which runs along the
dorsal part of the body and yields its blood to (ninthly) systemic
capillaries, whence (tenthly) it is re-directed to the venous sinus
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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 bulbus arferiosus

Fig. a8.

DIAGIAM OF THE PRIMITIVE AonRTic ARCHES OF MAMMALS, BIRDS, AXD
LRErTILES,

1. Common trunk or root of aorta. 2. The two branches into which it di-
vides, and which give off the snceessive arches, a, &, ¢, d, and e, which
end 'in 8, the descending norta,

2, Vessels and aortic arches of o Snake, and the changes which the primi.
tive condition shown in preceding fignre has nndergone. In this and the
following figure, the parts left blank are those which abort. a. Descending
porta. b,c. Rempant of a primitive aortic arch, e, in fiz. 1, or ductns
Botalli, 4. Polmonary artery. e, e, Left aortic arch. 7. Right prin.
cipal aortie arch. g, Common carotids. A, External carotids, ¢ Inter-
nal carotids.

3. Veszels and aortic archez of a Lizard. «. Descending aorta, 5. Sub-
clavian arteries. ¢ Rudimentz of lst (right and left) arches. d, Left
acrtic arch. e, e. Pulmonary arteries. . Right principal amtic arch.
g, Common carotids. & External carotids. 1. Internal carotids.

in the last-named group is provided with several tiers of valves,
preventing regurgitation into the ventricle ; in Teleostei there
is only a single row. The Amphioxus does not possess a heart ;
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but there are several sacs in connection with the blood-vessels
which contract rhythmically.

Amphibia. — Heart trilocnlar, two auricles, and one
ventricle ; to which succeeds a bulbus arteriosus. This gives off
two arteries, which first of all give off the carotids and sub-
clavian 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 ven-
tricle. 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, inoseulating on the one hand
with the branchial arteries, and on the other with the com-
mencement 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. Contemporaneounsly 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 sae, which finally become the pulmonary
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 circula-
tion; the further changes necessary to establish the perfectly
double eirculation 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 aortee, richt and left, which, after sup-
plying 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
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DIAGRAM OF THE CIRCULATION IN VELTEBRATA AXD MoOLLUSsCA,

Birds and Mammals.
Fir. A. a. Leszer or pulmonary circulation. &, Greater or systemie cir-
culation. ¢ Pulmonary artery. «. Pulmonary veins, e. Right auricle.

F. Left auricle. g. Right ventricle. #&. Left ventricle., 4. Vena cava.
li--l .&ﬂm- £l Hcmp

Reptiles,

Fig. B. a and b as above. ¢. Single ventricle. d. Venacava. e Aoria.
S+ Heart,

Fishes.

Fig. C. @ and b as above. ¢ Ventricle. . Auricle. e, Veins, 7. Dorsal
artery. g. Heart.

Mollusea,

Fig. D. @ and b as above. ¢, Veins, o, Arteries. e, Heart. £ Branchio-
cardiac canals.
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of the other viscera, is placed quite centrally, so as to balance
the bird. The aorta arches over the root of the right lung, and
all its arterial branches are symmetrical. The heart of birds
is conical, and very muscular. The femoral and seiatic 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
ventricular 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 refe mirabile. This arrangement
facilitates 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 refia mirabilia in
animals that undergo long-continued musecular 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 refia mirabilia. Some Mammalia pos-
sess a double superior vena cava ; the higher Mammals only
possess a single one.

Orcans oF REsPIRATION. Pisces.—Branchia or gills.
There are five branchial arches in each side of the head, the
first four supporting the gills, and the fifth supporting pharyn-
oeal teeth.  Each branchial arch is convex externally and con-
cave internally ; it supports the branchiwe as the back of a comb
supports 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, &e.

In most Fishes, a duct, called the ¢ pneumatic duct,’ connects
the air-bladder with the pharynx or cesophagus. When this is not
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the case, the sac is filled with gas by a process of Hﬂcrf-}tinn f_mm
the blood. Its interioris vascular, and contains gas, t::hmﬂ}'m_tm-
gen, and a little oxygen. It is mainly hydrostatic in function.
Fishes are suffocated when removed from the water, heca:use_t-he
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 Siren, 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 ; :md_ the highest,
such as Frogs, only possess them for a very short time after ex-

trusion from the egg.

Dirgnas ILLUSTRATIVE OF THE BESPIRATORY OHGANS OF VEUTEERATA.

A. Bwim bladder of Gurnard. B. External gills of Tadpole. ©. Gillsof a
fish (Anabas). D, Lungs of a bird, showing at « the hronchial tnbe
passing through the lung and opening freely into the thoracico-abdomi-
nal cavity.

Besides these external gills, some Amphibia possess infernal
gills., They are, as a rule, transitional organs, ase.q. in the Frog,
when they grow, decline, and fall during the development of
the lungs. The internal gills are attached to the hyocid 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 condition
by lungs. These are two sac-like organs, which communicate
with a larynx and the mouth ; the larynx, in fact, makes its
first appearance in the Amphibia, and the croaking of the Frog
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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 resembling
those of Mammals. The throat muscles attached to the hyoid
bone are strong ; air is swallowed into the pharynx, and then,
the nostrils being closed by valvular flaps, is pumped through
the glottis into the lungs by contraction of the pharyngeal
musecles : 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
lung. 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 temperature. They
inhale, as the pulmonated Amphibia do, by a process akin to
deglutition ; the posterior nares being closed during the pump-
ing 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 lockasif they only possessed
one, the other, which is the left, being quite rudimentary. In
the aquatic Reptilia, the large and sac-like lungs act hydrostati-
cally, 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
funetion 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 com-
mon 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
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cavities, birds possess air-sacs appended to different parts of the
body, in the neck, body, or limbs, which serve a similar purposc
to the loculi in the bones. By these arrangements the respira-
tory air, in many birds, after traversing the lungs passes into
the abdomen, which is not (execept 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 vocal chords, but is worked by efiicient
muscles ; the latter, however, are not numerons, 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 syrine, is a
much larger box than the upper, and somewhat resembles
an Irregular drum. It is largest in the aquatic birds, it is
auxiliary to vocalisation, and is probably useful in forming a
reservoir for air during submersion, but is not, as is commonly
stated, the principal organ of voice. The most beautiful song-
sters, 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.

MMammalia.—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 museles, pectoralis major, serratus posticus supericr, 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, Elephant,
and Cetacea, have simple, undivided lungs, but in most mam-
mals they are divided into from three to five lobes.

Orcaxy oF VoiceE., 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
contractions of the museular walls of its large air-bladder.

Amphibia possess a larynx, and often membranous vocal
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

8
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the air being forcibly expelled through the glottis, there being
no vocal chords.

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 bronehi. 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 mem-
brana semilunaria, and the lower is the membrona tympani-
formis, Both the upper, or larynx proper, and the lower, or
syrinx, are probably coneerned in vocalisation ; inasmuch, how-
ever, as the lower organ is very ill-developed in songsters, and
most highly developed in aquatic Birds, it is probably subser-
vient, as before stated, 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 bellow-
ing of the latter animals being produced by the forcible expul-
sion of the water from the spiracles. Many Mammals possess
large air-sacs in connection with the larynx, which act as sound-
ing 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 cry of the animal. Both in Mammals and birds the
voice is pitched in the minor key.

Nervous SysTeEM.  Pisces, Spinal cord is uniform in dia-
meter, and smaller than in other Vertebrates, in accordance
with the limifed variety of movements performed by the fish.
Medulla oblongata sometimes divided into two perfectly dis-
tinct 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 symetrical 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 part is 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
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ventricle. The olfactory lobes are elongated, and sometimes
placed considerably in advance of the rest of the encephalon.

Cerebellum is comparatively large ; it is a single median
lobe, which answers to the vermiform process in Man. There
is no pons Varolii.

Amphibia.—In the Perennibranchiata the spinal cord is
amall 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. Enecephalon. The
olfactory lobes are sessile. The cerebral lobes are relatively

BRAINS OF A FisH, AN AMPHIBIAN, A BIRD, AND A MAMMAL.

A. Herring, @, Rhinencephalon or olfactory lobes. &, Prosencephalon or
corpora strinta, the only representatives of the cerebral hemispheres, c.
Mezencephalon or optic lobes. o, Metencephalon or cerebellim. e Me-
dulla oblongata. B. Froz. a. Olfactory lobes. &. Optic lobes. ¢ Cere-
bellum, o Medulla oblomgata. O, Fowl, «. Cerebral hemispheres, which
here quite coneeal the olfactory lobes in front, but leave the optic lobes, &,
exposed laterally and inferiorly behind. e Cerebellum. . Medulla ob-
longata, D. Sheep. @. Cerebral hemispheres. . Cerebellum. ¢, Me-
dulla oblongata.

larger than in fish ; the optic lobes are still bigeminal, and the
cerebellum single, median, and very small. There is no pons
Varolii.

Reptilia.—In Ophidia the spinal cord is uniform, but it pre-
sents two ganglionic enlargements in all other Reptilia.
Encephalon. 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 distinetly made out
The optic lobes now present the form of corpora guadrigemina
and are quite insignificant in proportion to the cerebral lobes,
The cerebellum is still median in position, and consists of a
single lobe. There is no pons Varolii. The cerebral lobes pre-
sent a fissure, which is the homologue of the fissure of Sylvius.
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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 lobes, which have now attained the condition of
cerebral hemispheres. The latter are hollow ; they possess
corpora striata, thalami optici, a round commissure, and a rudi-
mentary fernix. There 1s, 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 cere-
bellum still only consists of the median lobe, but is marked by
transverse strise.

Mammalia.—Spinal cord always presents cervical and
lumbar enlargements. Encephalon much larger relatively than
in lower classes. The lowest Mammalia possess perfectly
sinooth unconvoluted 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 un-
covered behind. As we ascend the class, the hemispheres and
the corpus callosum become relatively larger and the convolu-
tions more numerous. The cerebellum possesses lateral lobes
as well as a median portion ; and the medulla vblongata is con-
nected 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 5,668 ; in Reptilia, 1 to 1,321 ; in
Aves, 1 to 212; and in Mammalia, 1 to 186, Amongst the
latter, many variations oceur, e.¢., in the Horse it is as 1 to
400 ; in the Dog, 1 to 305 ; in the Cat, 1 to 156 ; in Man it is
about 1 to 40. Some animalg possess a relatively heavier brain
than Man, e.¢g. in the Marmoset Monkey it is 1 to 22, and in
the Tit1to 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 correspond-
ing 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 1bs., and that of the Elephant about 10 lbs. ; the
latter has therefore the heaviest brain in the entire Animal
Kingdom,

OrGANS OF BENSE. Pisces. Smell.—Nasal fosse are culs-
de-sae, lined by ciliated epithelium, sometimes plicated.

Sight.—No eyelids or lachrymal gland. Cornea flat. Scle-
rotic very thick behind. Choroid and iris not remarkable.
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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 a
fluid, communicating with the auditory nerve, but not exter-
nally. 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 hyelid or nictitating membrane is often
present.

Hearing.—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 fossee with plicated membrane,
but only asingle 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 scale.

Aves.—Smell. Nasal fossee 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 tibres,

An additional strueture, called the pecten,” or marsupinm,
is 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.—Smell. Nasal fosswe 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, sfapes, and
incus 5 vestibule, three semicircular canals, and a cochlea form-
ing two and a half turns, and divided by a median partition
into two scala:; the seale tymponi communicating with the
tympanum, and the scala vestibuli communicating with the
vestibule.

ExcreToRY ORGANS.— Pisces, The kidneys are chiefly
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supplied with venous blood : they are large, generally placed
ahove the air-bladder, and attached to the vertebral colum. The
cortical substance is alone present, i.e. the convoluted tubes end
at once in the ureters. They represent the temporary kidneys of
the higher Vertebrata, or the Wolfiian 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 seecretion 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 urie acid, the solidity being due to the small
quantity of fluid drunk by serpents.

Aves, —Renal arteries numerous, and venousblood abundant,
from which source indeed the urine in all the preceding classes
18 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, which alone
nourish the kidneys, no venous blood directly supplying these
organs. Both cortical and medullary portions present in adult
condition. In the embryological state the kidneys are always
much lobulated, and this lobular condition is persistent in many
mamimals, e.q. in Bears, Ruminants, Otters, Seals, and the
Cetacea.

Organs of Reproduction.—A separate description of these
organs 1s given in Chapters XXX VII. and XXXVIIL

E
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GLOSSARY.

Abomasum, the fourth compartment
of the compound stomach of
Ruminantia. :

Alranchiate (&, without;
gills), devoid of gills,

A&ak{)ﬁm (Gxarndn, a nettle), an
orcler of Hydrozoa, named from
the property they possess of
stinging.

Aeanthocephala (Grxapfa, a thorn;
kedary, head), parasitic worms
grouped under Scolecida.

Acaring (&xapt, a mite), an order
of Arachnida.

Acephalous (&, without ; kepard, the
head), destitute of a distinet
head.

Aecetabulwm, the socket of the hip-
joint in Vertebrata.

Aerita (Brprros), confused.
nonym of Protozoa.

Actinosoma (éxtis, a ray; odua,
body), a term used to signify the
entire body of an Actinozoon,
whether simple or compound.

Actinozoa (Grvis, a ray ; (@ov, an
animal), a class of Ceelenterata.

Adelthrosoinata (&8nhos, hidden ;
#pbpov, a joint ; capa, body), an
order of Arachnida.

Agamic (&, without ; T&pos mar-
riage), term employed in a sex-
ual reproduection,

Allantois (aAAas, a sausage), one
of the feetal membranes present
in some of the Vertebrata,

Ambulaera (ambulacrum, a garden
walk), the perforated spaces in
the ghell of Echinus.

Bpdyxia,

Sy-

Ametabolic (&, without; weraBoiq,
change), applied to insects that
do not pass through a metamor-
phosis during growth.

Amunion (&Guwés, a lamb), one of
the fetal memlbranes of certain
Vertebrata.,

Ameba (é&pofds, changing), an
order of Rhizopoda.

Amphitia (aupi, both; Bios, life),
applied to such animals as frogs,
which live both on land and in
water.

Amphicelous (éupi, both; kotAoes,
hollow), vertebree with a cup
at either end.

Amplioxrus (aupi  both; okds,
sharp), the Lancelet, which
tapers to either end of its
body.

Amphipoda (&ugl, both; wous,
foot), an order of Crustacea,
whose teet serve both fur walk-
ing and swimming,

Anarthropoda (&, without ; #pfpov,
a joint), Annulosga which do not
possess jointed appendages.

Anechylosis (&yxuhoes, erooked), the
union of the two surfaces of a
Joint by bone, so that all move-
ment. is lost,

Annuloida (annelus, dim. of annu-
lus, a ring; eldos, form), sub-
kingdom of Echinodermata and
Scolecida.

Annulosa (annulys, a ring). Sub-
kingdom of jointed animals,
including Anarthropoda and
Arthropoda.
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Anomura (Bvopos, irregular; odpd,
a tail), a tribe of Crustacea.

Anoplura (&vowAos, wunarmed;
ovpd, a tail), an order of Insecta,

Anoura (&, without ; edpd, a tail),
an order of Amphibia, including
frogs and toads,

Antennee (antenna, the yard-arm of
a ship), the horns or feelers of
Arthropoda,

Anthozoa (&vbos, a flower ; {@ov, an
animal), a elass of Celenterata
generally termed Actinozoa.

Anthropoid (hvfpwros, a man;
efdos, like). The highest order
of apes.

Anilia(avrAiov, or drriia, a pump).
The spiral trunk of Lepidoptera.

Aphaniptera  (aaris, inconspi-
cuous ; wrepdy, a wing), an order
of Insecta.

Apoda (&, without ; wobs, a foot),
fishes which have no ventral
fins.

Apodemata (dwodalw, I portion off),
the chitonous septa which divide
the somites in Crustacea.

Aproctous (&, without; wpwxrds,
anus), having no anal aperture,

Aptera (&, without; wrepdr, a
wing), the wingless Insecta.

Apteryx (&, without; wrépuf, a
wing), a New Zealand bird
which only possesses the rudi-
ments of wings,

Arachnida (&pixvn, a spider), a
class of Arthropoda.

Archeopteryr (&pyxalos, ancient ;
wmrépul, a wing), a fossil bird
which possessed a tail of true
vertebrae.

Arthrogastra  (épbpde, a joint;
yaorap, the belly), an order of
Arachnida.

Artiodactyla (&prios, even; Bde-
Tuhos, a finger), the ecloven-
footed quadrupeds.

Aseidioida (&oxds, a bag), or Tuni-
cata, an order of Molluseoida.
Atriwm (atriwm, a hall), the large
cloaca or chamber into which
the intestine of Ascidioida

opens,

Autophagi (abrds, self; pdyew, to
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eat), birds whose young are in-
dependent of the mother's care
on their eseape from the egg.
Avicuwlarium (avicula, dim. of avis,
a bird), peculiar little processes
found in many of the Polyzoa,
shaped like a bird’s beak.

Bacterium (Baxtipov, a staff).
minute filamentous organisms
found in decomposing infusions
of organic matter.

Balanidz ( Bdhaves, an acorn), the
acorn shells, a family of Cirri-
pedia.

Datrachia (Bdrpayos, a frog), for-
merly applied to the whole class
of Amphibia, now restricted to
frogs and toads, the dnowra,

Belemnite (Hi"hiumu, & dﬂrl‘b}, a
fossil genus of Cephalopoda,

Blastoidea (Brantds, a germ ; elos,
form), an order of Echinoder-
mafa, now exftinet.

Brachyura (Bpaxvs, short ; olipd, a
tail), the erabs, a family of
decapod Crustaceans.

Bradypodids (Bpabdis, slow ; wois,
a fuot), the sloths.

Dranchiostegal (Bpdyxa, the gills ;
oréyw, I cover), the membrane
which covers the gills of fish.

Bruta (bruius, heavy), an order of
Mammalia, sometimes called
Edentata.

Bryozoa (Bpbov, moss ; (@ov, an
animal ), an order of Mollusecoida,
now called Polyzoa.

Byssus (Biaoos, flax), the thread-
like filaments by which mussels
and other Mollusea attach them-
selves to rocks, &e.

Caducibranchiate (caducus, falling
off; Bpdyxia, gills).

Calycophoridz (kdAvE, a cup;
¢épw, I bear), an order of Hydro-
ZOA.

Campanularida (Campanula, a
bell), an order of Hydrozoa.
Carinatee (carina, a keel), birds
who possess a keeled sternum,
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Catarhing (kara, downwards ; pis,
fwds, the nose), a family of
Quadrumana comprising the
anthropoid or tailless apes.

Cavicornia (cavus, hollow ; cornu,
a horn), Ruminants with hollow
horns.

Cephalopoda (kepard, head ; wobs,
a foot), the highest class of
Mollusea, e.g. the cuttle fish,

- Cestoidea (xéoros, a girdle), now
called Twniada, intestinal worms
with flat tape-like bodies.

Cestraphori (kéoTpa, a weapon;
¢epw, I bear), a family of Elas-
mobranchii or sharks.

Cetacea (kfros, a whale), the order
of whales.

Chetognatha (xairn, hair; yvdfos,
jaw), a class or order of Annu-
losa containing only Sagitta.

Cheiroplera (xetp, hand; wrepdy,
wing), the bats, an order .of
Mammalia.

Chela (xnA, a claw), the prehen-
sile elaws terminating the limbs

of some Crustacea, eg. the
lobster.

Chelonia (xehdwn, a tortoise), an
order of Reptilia.

Chilognatha (xe€ihos, a lip ; yvabos,

a jaw), an order of Myria-
a.

Chilopoda (xeihos, a lip; wobs, a
foot), an order of Myriapoda.
Chitine (xiraw, a coat), the horny
eovering which forms the exo-
skeleton of many Invertebrata,

e.g. of the beetles,

Ciliograda (cilium, an eyelash;
gradior, I walk), or Ctenophora,
an order of Actinozoa.

Cirripedia (cirrus, a curl; pes, a
foot), a group of Crustacea,
e.g. the barnaeles.

Cirrostomi (cirrus, a curl ; ordua,
mouth), an order of fishes—
ﬂ}l;l;':f}rwisu ealled Pharyngobran-
chii.

Coceoliths (koxxos, a herry; Alfos,
a stone), round bodies found on
Coccospheres,

Coccospheres (kékros ; ooaipa, a
sphere), larger masses of sarcode
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often found on low forms of
Protozoa.

Crlenterata (koiros, hollow; &vrre-
pow, intestine), the sub-kingdom
of Invertebrata, comprising Hy-
drozoa and Actinozoa,

Cenenchyma (kowds, eommon ;
€y xupa, tissue), the common sup-
port of compound eorals,

Caiecinn (Kowds, common ; olkos,
house), sometimes called poly-
zuary, and signifying the entire
dermal system of a Polyzoon.

Cenosare (kowds ; edpf, flesh), the
common stem of Hydrozoa.

Coleoptera (koheds,a sheath; wrepdy,
a wing), the beetles whose
anterior wings protect their
posterior.,

Conirostres (k@wvos, a cone; ros-
truan, a beak), an order of in-
sessorial or perching birds,

Copepoda (kdmn, an oar; mweis, a
toot) an order of Crustacea.

Crinoidea (rpivor,alily; elbos, form),
an order of Echinodermata.

Crustacea (erusta, a erust), a class
of Annulosa, comprising crabs
and lobsters.

Ctenocyst (krels, a comb; xioTs,
a bag), the sense organ of Cteno-
phora.

Ctenoid (rrets, n comb ; eldos, form),
fish-seales with fringed edges,
e.g. those of the Sole.

Ctenophora (ktels, a comb) ; ¢épw,
I bear), an order of Actinozoa.

Cycloid (xdxros, a cirele; eidos,
form), fish-seales with an even
margin, e.g., those of the dace.

Cyclostomi (kindos, acirele ; ordua,
mouth), an order of fishes,
otherwise called Marsipobrau-
chii.

Cystica (xvoris, a sac), the em-
bryonie forms of tapeworms.
Cystoidea (xboTis, a sac; elbos,
form), an order of Echinoder-

mata, now extinct.

Decollated (decollo, I behead), uni-
valve shells, whose apex falls off
during growth.
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Deinosauria (Sewds, terrible; eatdpa,
a lizard), an extinet order of
Reptilia,

Dentirostres (dens, a tooth ; ros-
trum, a beak), perching birds
with a toothed mandible,

Dilranchiata (8ts, double ; Bpdyya,
gills), an order of Cephalopoda.

Dicynodontia (8is, double ; xdwy, a
dog ; edods, a tooth), an extinet
order of Reptilia,

Didelphia (3is, double ; SeAgis, the
womb), mammals possessing a
double uterus, e.g. Marsupialia.

Dimerosomata (8is, double ; uépos,
part ; o@ue, body), an order of
Arachnida.

Dimyary (8is, donble; pudy,
musele), bivalve Mollusea with
two adductor muscles,

Diweious (8is, double ; olikos, house),
with distinet sexes, .
Lipnoi (8is, double ; wwod), breath),

an order of Pisces.

Diptera (3ls, double; wrepdy, a
wing), an order of Insecta.

Discophora (Biores, a quoit ; pépw,
I Lear), a group of Adralephe or
Jelly-fish ; also an order of
Annelida.

Echinocoect (€xivos, a hedgehog ;
konkos, a berry), hydatids; the
larval form of tapeworms.

Eclinodermata (éxivos, a hedgehog,
8épua, skin), sea urchins, a class
of Annuloida.

Echinoidea (éxivos, hedgehog; eibos,
fuorm), an order of Echinoder-
mata.

Echinorhymeus (éxivos, hedgehog,
piyxos, snout), a genus of Acan-
thocephala,

Ectocyst (éwrds, outside; rdoris,
bladder), the outer coat of a
Polyzoon.

Ectoderim (éxtds, and Sépua), the
outer covering of Ceelenterata.
Ectosare (éwtds, odpf, flesh), the
outer substance of some Ithizo-

poda.

Edriophthalmata (&bpaios, sessile ;

opbarpds, an eye), sessile-eyed
Crustacea.

Elasmobranchia (Elaopa, a thin
plate ; Bpdyxiwe, gills), an order
of Pisces.

Elytrum (&vtpor, a sheath), the
chitinous anterior wings of
Coleoptera.

Emdwyo (év, within ; Bplw, I swell),
the earliest period at which the
young of any animal is recog-
nisable.

Endopodite (&vdor, within ; mobs, a
foot), the inner of the two
secondary segments of the limb
of a Crustacean.

Entomophaga  (€vrope, insects;
¢pdyew, to eat), a group of Mar-
supialia,

Entomostraca  (Evropa, insects;

doTpaxor, a shell), a division of
Crustacea.

Epencephalon (énf, upon; év, in;
kepard, head); the hinder part
of the brain, which in man
covers over the eerebellum,

Epimera (éxi, upon ; piipor, thigh),
lateral pieces of the dorsal are
of the somites of Crustacea,.

Epiotie (éni, upon ; ofs, the ear),
the upper bone of the auditory
capsule,

Epipodite (éwi, upon; wois, foot),
an appendage of the basal joint
of the limbs of Crustacea.

Errantia (erro, I wander), an order
of Annelida.

Eurypterida (edpis, broad ; mrepdr,
a wing), an extinet group of
Crustacea.

Exopodite (¥w, outside; wobs, a
foot), the outer of the two
secondary joints of the somite
of a Crustacean.

Fissirostres (findo, 1 cleave; ros-
truim, beak), a group of perch-
ing birds.

Flagellum (a whip), the append-
age of Pilidium and other
Protozoa.

Foraminifera (foramen, a hole;
fero, 1 Lear), a division of Pro-

i T s e
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tozoa possessing minute per-
forated shells.

Furculum (a little fork), the merry-
thought or elaviele of birds.

Gallinacei (gallina, a fowl), the
order of Rasores.

Ganoid (yaves, brightness), ap-
plied to certain fish scales.

Gasicropoda  (yaothp, stomach ;
wous, foot), a class of Molluseca.

Gephyrea (yépupa, a  bridge), a
group of Annelida.

Gonocalyx (yovds, offspring ; kdavk,
a cup), the swimming bells of
Acalephse.

Gonophore (yovds, and ¢épw, I
bear), the generative buds of
Hydrozoa.

Grallatores (gralle, stilts), wading
birds.

Graptolide (ypdgw, I -write;
AlBos, a stone), an extinet di-
vision of Hydrozoa.

Gymaolemala  (yvppés, naked ;
Aayeds, the throat), an order of
Poiyzoa. :

Gymunophiona  (yepwds, naked;
dgus, snake), an order of Am-
phibia.

Hematoerya (alpa, blood; kples,
cold), the cold-blooded Verte-
brates.

Heematotherma (alpa, blood ; 8cppos,
warm), the warm-blooded Verte-
Lrates.

Halteres (aitiipes, from &AAopa,
to leap), the representatives of
the posterior wings of dipterous
insects.

Helminthe (Ehwws, a worm), the
intestinal worms.

Hemimetabolic (fps, half; pera-
BuAd, change), applied to insects
that only pass through a partial
metamorphosis,

Hemiptera (fu, half; wrepdy,
wing), an order of Inseecta.

Heterocercal  (€repos,  diverse;
wépros, tail), the tail of fishes
when the lobes are unequal.

Heterophagi  (€repos,  diverse;
¢dyew, to eat), birds whose
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young are born in a helpless
state.

Heteropoda (€repos, diverse; mobs,
foot), an order of Mollusca.

Holomstabolic (Bhos, whole; pera-
Boan, change), insects whose
metamorphosis is complete.

Homocercal (duds, hke; répros,
tail), term used to describe the
tails of fish whose lobes are
equal.

Homology (duokoyia, agreement),
applied to parts which are
morphologically or structurally
alike.

Hydracium (08pa, a water-dragon ;
olios, house). the hollow part
of the coenosareinto which some
of the Calycophoride can be
retracted.

Hydride (8pe, a water-dragon),
an order of Hydrozoa.

Hydrosoma (U8pe, water dragon;
g@pa, body), the entire organism
of any Hydrozoon.

Hipdrozoa (08pa, and (dov, a crea-
ture), a class of Calenterata.
Hymenoptera (dufr, a membrane ;
wrepdy, a wing), an order of

Insecta.

Hyoid (7-, eldos, form), the hone
which supports the tongue.

Hyrax (Upaf, a shrew, or weasel),
one of the Perissodactyla.

Iehthyodorulites (ix00s, a fish;
ddpv, spear; Abds, stone), the
fossil fin spines of Pisces.

Iehihyosaura (ix00s, a fish ; calpa,
lizard), an extinctgenus of Rep-
tilia.

Invperculata (in, without ; oper-
culum, a hid), a division of Gas-
teropoda.

Insessores (insideo, I sit upon), an
order of Aves—the perching-
birds.

Isopoda (Yoos, equal ; mobs, a foot),
an order of Crustacea.

Labium (lip), applied to the lower
lip of Annulosa.
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Labrum (lip), applied to the upper
lip of Annulosa.

Labyrinthodontia (AaBilpuwbos, a
labyrinth; é8o¥s, a tooth), an
extinet order of Amphibia.

Lamodipoda (Aauuds, throat; 3is,
double ; webs, a foot), an order
of Crustacea.

Lamellibranchiata (lamella, a thin
plate ; Bpayxia, gills), the bi-
valve Mollusea.

Lamellivostres  (lamelia, dim. of
lamina, asmall plate of metal ;
rostrum, a beak), the group of
flat-billed Natatores.

Larve (a mask), the grub or cater-
pillar, the first step of the in-
sect on emerging from the egg.

Lepidoptera (herls, a scale ; wrepir,
a wing), an order of Insecta.

Leptocardia (Aemrds, slender ; xap-
dla, heart), an order of Pisces,
often ealled Pharyngobranchii.

Lepidosiren (Aewis, ascale ; oepipy,
a mermaid), the mud fish.

Lithocysts (MiBés, a stone ; xloris,
a eyst), the sense organs (au-
ditory ¥) of certain jelly-fish.

Longipennata (Jam;zw long ; penna,
wing), a group of Natatores.

Loiigirostres (longus, long ; rostrum,
beak), a group of Grallatores.

Lophophore (Adpos, a crest; ¢pépw,
I bear), the oral dise of Polyzoa
on which the tentacles are borne.

Lophyropoda (Adgoupos, having
stiff hairs ; wovs, a foot), an
order of Crustacea.

Lorica (a breast-plate), the pro-
tective case of certain Infuseria.

Lucernarida (lucerna, a lamp), an
order of Hydrozoa.

Macrodactyli (maxpds, long; Sdx-
TuAos, finger), a group of Gralla-
tores.

Macrura (moxpés, long; olpd, a
tail), a genus of decapod Crus-
tuceans.

Mualacostraca (peraxds, soft ; bo-
Tpaxor, shell), the soft-shelled
Crustacea.

Mallophaga (ueArds, a fleece;
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¢dyerr, 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 (udpmimos, or udp-
oumwos, a pouch; Bpdyxia, gills),
an order of Pisces.

Marsupialia (udpovmwos, a pouch),
an order of Mammalia.

Mazillipedes (mazilla, jaw; pes,
foot), the foot jaws of Annulosa,

Merostomata (unpds, thigh ; orépa,
mouth), an order of Crustaces.

Mesencephalon  (uégos, middle;
éywéparos, brain), the middle
part of the brain, applied to the
third pair of cerebral lobes, hom-
ologues of the optic lobes of man.

Monads (povas, unity), micro-
Hﬂﬂ‘p]("r ﬂ'rgﬂll]ﬂmh
Monodelphia (pévos, single; BSeA-

¢vs, womb), a division of Ver-
tebrata.

Monweius (udvos, single; olkos,
house), applied to animals in
whom the two sexes are united
in one individual.

Monomyary (poves, single ; pvdy,
muscle),  bivalve Mollusca,
whose shells have one adductor
muscle.

Monophyodont (;mms- single; i,
I generate; &dods, a tooth}
Mammals in whom only one
(milk) set of teeth is developed.

Monotremata (povos, single; Tpijua,
fr. Tpéw, to bore; an obsolete
pres. ; an order of Mammalia,
having a cloaca common to the
urinary and generative organs.

Myriapoda (puplos, ~numerous;
wovs, foot), a class of Annulosa.

Natafores (nare, to swim), an order
of Aves.

.I'memiyr (vnrTés, fr. I*'F.rxw I
swim ; kaAv, a cup), the swin-
m;ng-lzell of jelly-fish.

Nematelmia (vijue, thread ; €apws,
worm), a division of Smlamda

Nematoeysts (vijpa, thread ; xioris,
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a sac), the ‘thread cells’ of
Ceelenterata.

Nematoidea (vijpa, thread; eldos,
form), an order of Scolecida.
Nemertida (yauepths, © unerring’),

a group of Turbellaria.
Newropodium (veipov, cord: wois,
foot), the * ventral oar’ of An-
nelida.
Neuroptera (védpov, cord; wrepdy,
wing), an order of Insecta.

Notobranchiata (véres, back:
Bpdyxte, gills), a division of
Annelida.

Notochord (véres, back; xoph,
string), or chorda dorsalis, a
eellular  embryonic  eylinder
placed immediately beneath the
primitive groove of Vertebrata,
and generally replaced by the
spinal column,

Notopodium (véres, back; moabs,
foot), the ‘dorsal car’ of An-
nelida.

Nudibranchiota (nudus, naked ;
Bpdyxua, gills), an order of Gas-

teropoda.

Octopoda (dkrd, eight ; wobs, foot),
a group of Cephalopoda.

Odontoceti (o8ovs. tooth; kyros,
whale), the toothed whales.

Odontophore (88ots, tooth ; pépo,
I bear), the tongue of certain
Mollusca.

Migochata (oAiyos, few; xairy,
hair), an order of Annelida.

Ophidia (E¢usa, snake), an order of
Reptilia.

Ophiomorpha (E¢es, a snake ; pop-
¢#, shape), an order of Am-
hibia.

Ophiura (Sgs, a snake ; obpd, tail),
an order of Echinodermata,

Opisthotic (Imwfer, behind ; ofs,
the ear), the posterior part
of the bony capsule of the
ear.

Opisthocalous (Imafer, behind ;
koiros, hollow), vertebree with
bodies which are concave be-
hind.

Ornithodelphia ~(Bpws, a bird;
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Geadds, womb), a division of
Mammalia.

Orthoptera (. pbis, straight ; wrepdy,
wing), an order of Inspem

Ostracoda (Sorpakxor, a shell), an

order of Crustacea.

Otoliths (obs, ear ; Alfos, a stone),
little calcareous particles found
in the ear.

Ozyuris (Btvs, sharp; obpd, tail),
one of the threadworms,

Pachydermata  (waxds, thick;
déppa, skin), an order of Mam-
malia now called Perissodac-
tyla.

Palliohranchiata (palliwm, mantle ;
Bpayxa, gills), or Brachiopoda,
an order of Molluscoida.

Palpi (palpo, T touch), processes
developed from the oral appen-
dages of certain Annulesa,

Parapodia (wapd, besides ; mobs,
foot), the ¢foot tubercles’ of
Annelida,

Parthenogenesis (wapfévos, virgin;
yéveris, generation), term used
to indicate the reproduction of
animals from virgin females
by ova without the intervention
of a male; otherwise called
‘asexual reproduction.’

Patagium (the border of a dress).
the ¢ wing’ of bats, &e.

Pedicellariee (pedicelius, a louse),
little forceps-like apperdages
found on the surface of certain
Echinodermata,

Pedipalpi (pes, foot; palpo, I touch),
an order of Arachnida.

Pepennibranchiata (perennis, per-
petual ; Bpdyxua, gills), an order
of Amphibia.

Perissodactyla (wepioads, odd ; Sdk-
TuAos, finger), an order of Mam-
malia,

Peristome (mwepl, about;
mouth), the space between
mouth and calyx. In Actinozoa,
the lip of a univalve shell.

Pharyngobranchii (¢apvyE, pha-
rynx ; Bpdyxie, gills), an order
of Pisces.

oToume,
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Phragmacone (ppdrypa, enclosure ;
kavos, a cone), part of the shell
of a Delemnite.

Phylactolzmata (puvraxrds, guard-
ed ; Aapds, throat), a division of
Polyzoa.

Phyllopada (pvaror, a leaf ; wobs,
a foot), an order of Crustacea,
Phylum (pbAhor a leaf, sometimes
atree), a term used by Haeckel
to signify the genealogical tre

of animals. :

Physophoride (¢ioa, bellows;
¢épw, I bear), a family of Hy-
drozoa.

Phytophagous (pvror, a plant;
gayew, to eat), herbivorous ani-
mals.

Pinnigrada (pinna, a feather;
gradior, 1 walk), a group of
Carnivora.

Placenta (a cake), the ¢ after-birth’
of Mammalia.

Plagiostomi (whdyes, transverse ;
aropa, mouth), an order of
Pisces.

Planarida (whdvy, wandering), a
division of Turbellaria,

Planula (planus, plane), the em-
bryo of Hydrozoa.

Platyelmia (whatvs, broad ; Eapvs,
worm), a division of Scolecida.
Plesiosaurus (mAneios, near ; eavpa,
a lizard), an extinet order of

Reptilia.

Piuteus (a penthouse), the larval
form of Echinoidea.

Prewmatocyst (wrebue, air; KUoTIS,
sac), the float of certain Hy-
drozoa.

Podophthalmia (wovs, foot ; dpba-
wos, eyve), an order of Crustacen.

Podozomata (mwovs, foot; cdpa,
body), an order of Arach-
nida.

Polycystina (wodds, many ; kdoTis,
sne), an order of Protozoa.

Polype (words, many ; woiis, foot),
the separate zodids of the Ce-
lenterata,

Polyzoa (woAds, many; {(@ov, a
creature), a eclass of Mollus-
coida.

Pressirostres (pressus, compressed ;

GLOSSARY.

rostrum, beak), a division of
Grallatores,

Procxlous (wpd, before; koihos,
hollow), a vertebra whose body
is concave anteriorly.

Proglottis (mpoyAwrris, the tip of
the tongue), the generative seg-
ment or joint of a tapeworm.

Prosencephalon  (wpds, before;
éykédakos, brain), the front part
of the brain, applied to the
second pair of cerebral lobes,
homologues of the corpora stri-
ata of man.

Prosobranchiata (wpbow, in ad-
vance of ; Bpéyxa, gills), a divi-
sion of Gasteropoda.

Protoplasm (mp@ros, first ; mAdoow,
I mould), the albuminous sar-
code which forms the base of all
animal tissues.

Protopodite (mpdvos, first; wobs,
foot), the basal segment of the
limbs of a Crustacean.

Protozoa (wpiros, first ; (dow, ani-
mal), the first of the animal
sub-kingdoms.

Psendohaemal (Yeubfs, false ; alua,
blood), the vascular system of
Annelida.

Ptleropoda (wreply, a wing; wols,
foot), a class of Mollusea.

Pierosauria (wrepoy, wing ; calpa,
lizard), an extinet order of
Reptilia.

Pyenogonida (wvkvbs, thick: yéwm,
knee), an order of Arachnida.

Raptores (rapto, I plunder), an
order of Aves.

Rasores (rade, 1 scratch), an order
of Aves.

Ratitae (ratis, a raft), one of the
three chief divisions of Aves—
or birds with unkeeled sterna.

Rhinencephalon (pis, the nose;
éyxéparos, brain), the anterior
or olfactory lobes of the brain,
which supply the nasal organs.

Rhizepoda (pim, Tootr; wovs, foot),
an order of Protozoa.

Rodentia (rodo, I gnaw), an order
of Mammalia,
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Rugosa (rugosus, wrinkled), an
extinet order of corals.

Ruminantia (ruminor, I chew the
cud), the cloven-hoofed quad-

rupeds.

Sarcode (adpt, flesh ; eidos, form),

_the albuminous basis of animal

tissues, a term convertible with
protoplasm.

Scansores (scando, I climb), an
order of Awves.

Seaphognathite (orepds, a boat ;
yvdfios, Jaw), an appendage to
the mouth of Crustacea, which
serves to bale out the water
from the branchial chamber.

Scolecida (oxwAnf, a worm), a
class of Aunuloida.

Selachia (oénaxos, 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 (cigwy, syphon;
ordua, mouth), a division of
Gasteropoda,

Sirenin (ceaphr, a mermaid), an
order of Mammalia.

Solidungula (solidus, solid; un-
gila, hoof), the group of Hoofed
Quadrupeds,

Steganophthalmata (oreyavds, co-
vered ; dgpfaruds, eye), the hid-
den-eyed Medusze.

Stomapoda (erdua, mouth; wois,
ihotﬂ. an order of Crustacea.

Szrapsr?tem (erpens, a twist;
wrepoy, wing), an order of In-
secta. )

Strepsirrhina (oTpélus, a twist ; pls,
the nose), a group of Monkeys.

Sirobila (aTpdBiros, a fir cone), the
entire adult tapeworm.

Synapticulz (ovvdwrw, I fasten
together), the cross bars found
in Corallide,

Twniada (tania, a tape), the tape-
worms,
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Teetibranchiata (fecius, covered ;
Bpdyxia, gills), a division of
Gasteropoda.

Teleostei (Téhews, perfect ; doreor,
bone) an order of Pisces.

Telson (Téhaov, the end), the last
segment of Crustacea.

Tenwirostres (fenuis, slender; ros-
trum, beak), a group of Inses-
gOres,

Terricola (terra, earth; eolo, I in-
habit), the earthworms.

Tetrabranchiata (Térpa=réTopa, a
form of the neuter of Téooapes,
four ; Bpayxua, gills), an order of
Cephalopoda.

Thalassicollide ~(fardooa, sea ;
koAra, glue), a group of Pro-
tozoa.

Thecosomate  (Bfey, a sheath;
caua, body), a division of
Pteropoda.

Thysanura (Pboaves, tassel ; ofipd,
tail), an order of Insecta.

Trematoda (Tphpe, a hole), an order
of Seolecida.

Trichocysts (8ptE, hair ; kieTis, sae),
peculiar cells found in some In-
fusoria.

Trichina (rpixwos, adj. of Opif),
one of the Nematoid worms.

Trichocephalus (BptE, hair; ke-
¢arf, head), one of the Nema-
toid worms.

Trickoptera (Opif, bair; mrepiy,
wing), an order of Insecta.

Trilobita (7pels, three; AoBds, a
lobe), an extinet order of Crus-
tacea.

Trochal disk (Tpoxds a wheel), the
oral surface of Rotifera.

Tubicola (tuba, a tube; colo, I in-
habit), an order of Annelida.

Tunicata ({funica, a cloak), a class
of Molluscoida, now ealled Asci-
dicida.

Turbellaria (turbo, 1 disturb), an
order of Scolecida.

Umbo (the boss of a shield), the
back of a bivalve shell.

Urodela (obpa, tail ; fAos, visible)
an order of Amphibia.
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Vibracula (vibro, I shake), pecu- form), the separate organisms
liar filamentous appendages of a compound animal ; such as
found in Polyzoa, many of the Celenterata.

Vibrio (vibro, 1 shake), a minute | Zygantrum (Svydv, a yoke; &»-
vegetable organism. Tpor, a cave), the hollow in the

vertebrae of Ophidia, into which
: fits the zygosphene.

Xaftn.?;?wm (.Ei]c;m:, fa.cswvzlurd; olpd, Eygﬂspﬁm} ( fuql:dp, s
ail), an order of Crustacea, a wedge), the conical projection

on the vertebrsm of Ophidia,

Zooid ({@ov, an animal; elSos, which fits into the zygantrum.




INDEX,

ACA

A\C‘ALEPH, Life History of, 30
Acalephse, 27

Acanthocephala, 40

Acanthometrina, 42

Acanthopteri, 158

Acarina, 81

Actinozoa, 24

— Digestion of, 36

— Locomotion of, 87

— Morphology of, 33

— Nervous System of, 37

— Orders of 25-32

— Reproduoction of, 54-37

— Henses of, 37

Adelthrosomata, 78

Alevonaria, 82

Amphibin,

— Absgrption of, 166

— Cirenlation of, 163

— Definition of, 166

— Dhpestion of, 168

~— Nervous System of, 160

— Orders of, 166

— Oreans of Generation of, 236

— Respiration of, 169

— Benses of, 170

Amphibian, Brain of, 258

— Hind-foot of an, 141

Anacanthani, 157

Animal Cells, Nature and Composition

of, 1

.’LT:i;uaI Kingdom, S8nb-divisions of, 4

Animals, Reproduetion of, 12
Annelida, 61

— Aphrodita aculeata, 55

— Aquatic Respiration of, 84
— Orders of, 55

Annuloida, 38

— Circulation of, 43

— Classes of, 38

— Definition of, 38

— Digestion of, 53

— Nervous System of, 53

— Respiration of, 53

— Water-vascular System of, 38
Annulosa, 53

— Circulation of, 84

— (Tlasses of, 50

— Definition of, 54

— Digestion of, 84

BLA
Annuloza, Morpholozy of, 35
— Nervous Syatem of, 85
— Respiration of, 54

| — Benses of, 85

Anodon, Vertical Section, 97
Anopleura, 74

Anoura, 166

Antlers, Growth of, 221
Aphaniptera, 76
Appendicular Skeleton, 136
Arachnida, 80

Araneidn, 52

Aristotle’s Lantern, 47
Arthropoda, &3
Artiodactyla, 220
Azcidians, 86 '

— Atrial Chamber of, 86

| = Heart of, 86
| — Morphology of, 87

— Reproduetion of, 87
Ascidioida, 87

. — Orders of. 88

Asteriden, 49

Aves, 152

— Circulation of, 195
— Classification of, 189
— Craninm of, 183 -
— Definition of, 152

— Kidneys of, 196

| — Muszcular Eystem of, 186

— Nervous System of, 196G
— Physiology of, 194
— Respiration of, 195

| — Senses of, 196

T

— Bkeleton of, 183
— Vertebra of, 153

ALENIDE, 216
Bathybius, 15

Beroidae, 36
Bimana, 227
— Divisions of, 225
— Muscunlar System of, 228
— Nervous System of, 228
Bird, Brain of, 257

Birds, Organs of Generation of, 236

Blastoidea, 51
Blatta Orientalis, 71



24

RON

Rones, Homologmies of, 145
Brachiopoda, 30

— Atrial System of, 38

— (brders of, 90

— Reproduction of, 90
Branchio-Gasteropoda, 100
EBranchiopoda, 64

Bruta, 214

{“\‘ALLIAHIRIDE.. 35

/4 Calycophorides, 28

Cameilida, 221

Camelopardse, 232
‘ampanularide, 27

Carnivora, 223

Catarrhina, 226

Cavicornia, 222

Cell=, 33

— Dgvelopment of, 2

—- Veretable and Animnl, 3

Cephalopoda, 163

— Circulation of, 106

— Marphology of, 104

— Nervous System of, 105

— Reproduction of, 105

— Respiration of, 104

Cervide, 221

Cestidoe, 54

(letacea, 216

heiroptera, 213

{’helonia, 174

(’helonian Reptile, Vore-foot of, 142

Chilognatha, G8

{hilopoda, 67

Ciliata, 19

(Yirrhatula, Spontaneous Fegmentation

of, 7
Cirripedia, 64
Cod-fish, Skull of, 151
Ceelenterata, 73
-— (Nasses of, 23
— Definition of, 23
Celenterates, Coral-building, 55
Coleoptera, 78
Collynidse, 34
Columbee, 191
Copepoda, 65
Coral, Familiesof, 33
Correlations, 13
Cranial Skeleton, 133
Cranial Vertebrie, Table of, 159
{rinoideq, 49
Crocodile, Skull of, 172
Crocodilia, 171
{‘rustacea, 58
— Circulation of, 60
— Definition of, 53
-= Digestion of, 60
— (Fills of, 83
— Metamorphosiz of, 63
— Nervous System of, 61
— Orders of, 62
— Reproduction of, 61
— Senses of, 61
(Ctenophora, 34
Cursores, 190
Cyclobranchiata, 108
CUystoidea, 50

INDEX.
HAW

IBRANCHIATA. 106

Dicynodontia, 177
Digitigrada, 225
Dinosauria, 1577
Dipnoi, 161
Iviptera, 76
Discophora, 27
Diytizcns marginaliz, 78

EﬁRTH"i‘E’ﬂRﬁI,Grﬂgﬂﬁnm of the, 16
Echinidesa, 45
— Families of, 48

i Echinodermata, Deseription of, 44
— Omriders of, 44
— Peculiar Organs of, 47
Echinns, Dentary Apparatusof, 46
— Metamorphosizs of, 45
Edriophthalmia, 62
Elasmobranchii, 160
Emys, Oviduet of, 240
Enzoon Canadense, 18
Fpistyliz, 21
Errantia, 54
Fuplectella, 19
Fvolation, Theory of, 5
Eye-spots, 30

Fa'-.ETE, Bornes of the, 156
Feathers, 158
Faliz Leo, Skeleton of, 200
Fizh, Brain of, 257

| Fizhes, Appendicular Skeleton of, 131

== (iremlation of, 164

— (Mas=ification of, 1556

— Trgestion of, 163

-— Klectric Organs of, 165

— Nervons System of, 164

— Orders of, 153

— Organs of Generation of, 230

— Respiration of, 164

— EBeales of, 153

— Benses of, 165

— Bkeleton of, 149

— Ekull of, 150

— Vertebral Column of, 149

Fiagellata, 21

Foraminifera, 16

| Towl, Skall of o, 184

ANOIDELI, 159
Gasteropoda, 81
| — Cirenlation of, 99
— Definition of, 99
— Morphology of, 100
Genlogical Strata, Tabular View of, 11
Gephyrea, 57
Gordiacen, 42
| Gorgonidez, 54
| Grallatores, 190
| Grantia, 18
Gregarinida, 15
| Gymnophiona, 168
! Gymnosomata, 101

i AWEI, Fore-limb of, 186
— Hind-Limb or, 187




INDEX.

HEL

Halix communiz, 1w
Hemiptera, 76
Heteropoda, 101
Holometabola, 76
Holothuroidea, 51
Homologies, 13
Horze, Fore-limb of a, 203
— Hind-limb of a, 204
Hydrozoa, 28
— Development of, 29
— Morphology of, 25
— Ordersof, 23

- Reproduction of, 25
Hymenoptera, 76

CHTHYOSATRA., 175
Inferobranchiata, 102

Infuzoria, Definition of, 20

— Orders of, 20

Inoperculata, 105

Inzect, Masticatory Mouth of, 72

Inzecta, 64

— Digestive System of, 76

— Inzectivora, 213

In=zects, 73

— Classification of, 73

— Tracheal Respiration of, 84

Invertebrata, Summary of the Compara-
tive Physiology of, 111

— Tabular View of the Principal Di-
virions of, 126

K’ERAT'L'IF:L 10

ABYRINTHODOXNTIA, 168
Lacertilia, 173
Lamellibranchinta, 97
— Definition of, 97
— Reproduction of, M8
— Respiration of, 87
— Sub-divizions of, /3
Lepidoptera, 77
Lion, Skell of, 200
Loboza, 17
Laobster, Morpholozy of, 59
Lophobranchii, 154

ACTRA, 98
Malacopteri, 156

Mallophaga, 75
Mammalia, 198
— Blood Dises of, 232 !
— Brain of, 257 |
— Cerebral Classification of, 206 '
— Cirenlation of, 231
— Classification of, 205 |
— Compound Stomach of, 230 !
— Definition of, 198
— Exo-skeleton of, 203 |
— Huxley's Claszification of, 207 |
— Kidneys of, 235 -
— Nervous System of, 253 |
— Urgans of Generation of, 239

PLE

Mammalia, Pectoral Limb of, 202
— Pelvie Arch of, 203

— Physiology of, 220

-— Placental Classification of, 207
— Respiration of, #432

— Senses of, 233

— Skeleton of, 195

— Vertebrse of, 200
Marsipobranchii, 156
Marzupialis, 211

Maedusa, Hidden-eyed, 29

-— Naked-eyed, 28

Merostomata, 656

Mollusca, 94

— Circulation of, 104, 253

— Definition of, %4

— Thigeation of, 108

— Tivisions of, 47

— Morphology of, 45

— Nervous Sysiem of, 102
— Hespiration of, #4, 212
— Senzes of, 111 ]

— Shells of, 25
Molluseoidn, 87

— Circulation of, 95

— Cla==es of, 86

— Definition of, 86

| — Digestion of, 93

— Nervous System of, 53

— Respiration of, 95
Monera, 16

Monkey, Skull of, 226
Monotremata, 210

Muscles, Homologies of, 143
Myriapoda, 67

— Bpiracles of, 84

ATATORE=. 158
l Nematalmia, 41
Nematoda, 42
Nemertida, 41
Neuroptera, 74
Nucleobranchiata, 101
Nudibranchiata, 101

DONTOCETI, 217
Opercalata, 102
Ophidia, 175-17%
Ophinroides, 4%
Opisthobranchiata, 101
Orthoptera. 74
Ostracodn, 64

ASSERES, 192
Panropoda. 68

Pectinibranchinta, 100
Pedipaipi, 82
Perch, Skeleton of a. 149
Perissodactyla, 214
Phallusia mentula, 6-88
Fharyngobranchii, 155
Pinnigrada, 224
Pisces, Definition of, 147
Planarida, 41
Plantigrada, 224
Flatyrrhinge, 226
Plectognathi, 159

B



276
PLE

Plesiosanrns, 176
Plenrobrachiada, 35
Podophthalmin, 62
Podosomita, 80
Polyoystina, 16
Polygastrica, 21
Polypides, &3

Polyzoa, 90

— Avicnlaria of, 91
— Development of, 90
— Families of, 12

— Orders of, 92

— Reproduction of, 92
Primitive Aortic Arches, 250
FProboscidia, 218
Frozobranchiata, 100
Protozoa, 14

— (Classes of, 14

— Definition of, 14

— (irders of, 14

— Physiology of, 22
Pterocers, 101
Pteropoda, 102
Pterosanria, 176
Pulmo-gasteropoda, 100

QU.ELDRU MANA, 220

ADIOLARIA, 17
Raptores, 193

Rasores, 191
Reptilia, 171
— Circulation of, 179
— Definition of, 171
— Nervons System of, 180
— Orders of, 171

— Organs of Generation of, 236

— Physiology of, 179
— HRenal Organs of, 180
— Respiration of, 180
— Benses of, 180
Reticularia, 16
Rhizopoda, 15
Rodentia, 212

Rotalia, 16

Rﬂtift"l:‘m 43

ERugosa, 34
Ruminantia, Stomach of, 250

S_-‘..GI’IT.& BIFUNCTATA, 56
Ealpide, Alternation of Generation

of, 87
Feanzores, 102
Seolecida, 35
Ecorpion, Morphology of, 79
Bentibranchiata, 101
Sepia officinalis, 104
sertularides, 27
Shells, Growth of, 95
Silicea, 18
Siphonophora, 27
Eirenia, 215

INDEX.

Z0o

Spider. Nervous System of, §2
Epongida, 17

— Orders of, 18

— Reproduction of, 18

— Bupporting Skeleton of, 17
Stentor, 21

Stomapoda, 64

Strepsiptera, 77
Strepsirrhinae, 226

Sunectoria, 21-57

Suidee, 223

LENTADA, 38 8
Tectibranchiata, 101

Teleostei, 156
Terehratala, 89
—Dorzal Heart of, 50
Terebratnle vitrea, 80
Terricola, 56
Tetrabranchiata, 109
Thalassicollida, 17
Thecosomata, 103
Thysanura, 73
Trasulidee, 221
Trematoda, 40
Trilobita, 66
Trunk, Development of, 147

| Tubicola, 56
| Tuobuliarida, 25

Tubulibranchiata, 101
Tunicata, 87
Turbellaria, 41

| Type, Vertebrata, 132

NGULATA, 218
Urodela, 167

AGINICOLA, 20

Vertebra, Klements of a, 133
Vertebrata, 130
— Bleod of, 131
—_ Fimulﬂ.tinn niE*]l:ﬂmﬁﬁ?
— Comparative Physiology of, 245
— Definition of, 190 - .
— Digestion of, 131-248
— Exeretory Organs of, 260
— Kidneys of, 132
— Muscles of, 144
— Nervous Bystem of, 132-258
— Reproduoction of, 147-261
— HRespiration of, 253
— Balivary Glands of, 240
— Ekeleton of, 152
— BEtomach of, 246
Vertebrm, Development of, 146
Vertebrates, Development of, 242
Vorticella, 21

OANTHARIA, 31
Foiiids, 93

Spottisicoods & Co., Printers, New-street Square, London. ()

it i,

P,

Ml















APRIL2013

W0\ Y ey D 1D S 1010 YT




