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PREFACE TO THE FOURTH EDITION.

w Wirn r'{-,gm--:l to the present Edition of this work, the Author
has only to say that he has submitted it to a thorough revision,
and, to the best of his ability, has brought it up to the present
standard of our knowledge. As the work is strictly elemen-
tary, and is intended solely for the use of Junior Students, it
has not been deemed advisable to make fundamental altera-
tions in its general plan, or to materially change the classifi-
cation followed in previous Editions, save in those instances
in which,there is now a general consensus of opinion. The
more important recent additions to our acquaintance with the
“existing or extinct fauna of the world have, however, been
noticed in the text, and fresh illustrations have been introduced

where this appeared to be desirable.

UNIVERSITY, ABERDEEN,
December 1885,
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INTROD UG TION.

U

1. DEFINITION OF BIOLOGY AND Z0OLOGY.

ALL natural objects may be roughly divided into three groups con-
stituting the so-called Mineral, Animal, and Vegetable kingdoms.
The objects comprised in the mineral kingdom are all devoid of life,
and they exhibit the following characters: «. Their chemical com-
position is simple. They consist of either a single element, as is the
case, for instance, with native gold ; or, if combined, they almost
always occur in nature in the form of simple compounds, composed
of no more than two or three elements—as, for example, common
salt, limestone, plaster of Paris, and many others. b. Mineral hodies
are, when unmixed, composed of similar particles, which have no
definite relations to one another ; or, in other words, they are homo-
geneous. c. The form of mineral bodies is either altogether indefinite,
when they are said to be “amorphous”; or, if they have a definite
shape, they are crystalline, in which case they are usually bounded
by plane surfaces and straight lines, @ When mineral bodies
increase in size, as crystals may do, the inerease is produced simply
by ethe addition of particles from the outside (technically called
“aceretion”). e. Mineral bodies exhibit no phenomena which are
not purely physical and chemical, and they show no tendency to
Periodic changes of any kind.

All the bodies which exhibit these characteristics properly belong
to the mineral kingdom, and fall to be treated of by the sciences of
Geology, Mineralogy, Chemistry, and Physics. It should be borne
In mind, howevyer, that in the case of what are called *fossils” or

A



2 INTRODUCTION.

“ petrifactions,” we have mineral bodies which owe their existence
and characters to living beings which existed at former periods in the
history of the earth. For this redson, fossils, though composoed of
mineral matter, cannot be said properly to belong to the mineral
kingdom. .

On the other hand, the objects which belong to the animal and
vegetable kingdoms differ from those which are comprised in the
mineral kingdom in the following points : «. They are composed of
fgw chemical elements, of which carbon, hydrogen, oxygen, and
nitrogen are the most important ; apd these elements are combined

L form complex organic compounds, which always contain a large
proportion of water, are very unstable, and are prone to spontaneous
decomposition. b. They are composed of diverse or lheterogencous
parts, which have usually more or less definite relations to one an-
other. These heterogeneous but related parts are termed “organs,”
and the objects possessing them ave said to be “organised.” Some
of the lowest forms of animals have bodies composed of so uniform a
substance that they cannot be said to be organised, as they exhibit
no definite organs. This exception, however, does not affect the
general value of this distinction. ¢. They are always more or less

definite in shape, presenting concave and convex surfaces, and being
bounded by curved lines. d. When they increase in size, or “ grow,”
they do so, not by the addition of particles from the outside, but by
the reception of foreign matter into their interior and its assimila-
tion there (technically called “intussusception”). e. Lastly, they
invariably pass through certain periodic changes in a definite and
discoverable order,—these changes constituting Zfe.

All the objects, then, which fulfil these conditions, are said to he
alive ; and they all belong either to the animnl_or to the vegetable
kingdom. The study of living objects <_)f all kinds, irrespective of
which kingdom they belong to, is conveniently called by the general
name of Biology (Gr. bios, life ; and logos, discourse). As all ]i"ing
objects, however, may be referred to one or other of these two king-
doms, sO Biology may
which treats of plants, and Zoology (Gr. zoin, animal ; logos, dis-
course), which treats of animals. The term Natural History, again,

ally understood nowadays as being equivalent to Zoolpgy

is gener: 3 X :
ugh originally it was applied to the study of all natural

alone, tho ori
objects indiscriminately.

9, DIFFERENCES BETWEEN ANIMALS AND PLANTS.

It now becomes necessary to inquire into the differences which

subsist between animals and plants, and which enable us to separate

be divided into the two sciences of Botany
) -

b




INTRODUCTION. 3

the kindred sciences of Zoology and Botgny. It might have been
thought: that nothing could be easier than to determine the animal
or vegetable nature of any given organism ; and such, indeed, was
"'Y‘\ the almost universal belief of older observers. In point of fact, how-
% ever, no hard-and-fast line can be drawn, in the present state of our
knowledge, between the animal and vegetable kingdoms, and it is
often a matter of extreme difficulty, or even wholly impossible, to
decide positively whether we are dealing with an animal or a plant.
In the case of the higher members of the two kingdoms there is no
difficulty in arriving at a decision. The higher animals are readily
separated from the higher plants by the possession of a distinct
nervous system, of locomotive power which can be voluntarily exer-
cised, and of an internal cavity fitted for the reception and digestion
of solid food. The higher plants, on'the other hand, possess no nerv-
ous system or organs of sense, are incapable of voluntary changes of
place, and are not provided with any definite internal cavity, their

# /food being wholly fluid or gaseous.

The lower animals (Protozoa) cannot, however, be separated in many cases
from the lower plants (Protophyta) by these distinctions, since many of the
former have no digestive cavity, and are destitute of a nervous system, and
many of the latter possess the power of active locomotion. In determining,
therefore, the nature of these ambiguous organisms, the following are the chief
points to be attended to:—

Pirstly, As to mere form or external configuration, no certain rules can be
laid down for separating animals and plants, Many of the lower plants, either
in their earlier stages of existence or when grown up, are exactly similar in
form to some of the lower animals. This is the case, for example, in some of
the Alge, which closely resemble some of the Infusorian animalenles. Many
undoubted animals, again, are rooted to solid objects in their adult state, and
are so plant-like in appearance as to be always popularly regarded as vegetables.
This is the case with many of the so-called Hydroid Zoophytes, such as the Sea-
firs, and also with the much more highly organised Sea-mats (Flustra), all of
which are usually regarded as sea-weeds by seaside visitors. This is also, but
less strikingly, the case with the Corals and Sea-anemones, of which the latter
are often spoken of as sea-flowers.”

i) Secondly, No decided distinction can be drawn between animals and plants
as to their minute infernal structure. Both alike consist essentially of minute
solid particles (molecules or granules), of cells, or of fibres.

Thirdly, As regards chemical composition, there are some decided, though
not aniversal, differences between plants and animals. As a general rule, it
may be stated that plants exhibit a decided predominance of what are known
to chemists as * ternary compounds "—that is to say, compounds which, like
sugar, starch, and cellulose, are composed of the three elements, carbon, hyd{'o-
gen, and oxygen. They are, comparatively speaking, poorly supplied \nt-.h
““ quaternary” compounds, which contain the fourth element, nitrogen, in
addition to the three first mentioned. Animals, on the other hand, are rich in
qf‘utemnry nitrogenised compounds, such as albumen or fibrin. Still,' in both
kingdoms e find nitrogenised and non-nitrogenised compounds, and it is only
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in the proportion which these pear to one another in the organism that animals
differ in any way from plants. The most characteristic of all vegetable com-
pounds is the one known as cellulose, very nearly allied in its chemical com-
position to ordinary starch. As a general rule, it may be stated that the
presence of an external envelope of cellulose in any organism raises a strong
presumption as to its vegetable nature. Still cellulose is not exclusively con-
fined to plants, as was at one time believed. It is now well known that the
outer covering of the so-called Sea-squirts or Ascidian Molluscs contains a large
quantity of cellulose (as much as 60 per cent in some cases). Another highly
characteristic vegetable product is chlorophyll, the green colouring-matter of
plants. Any organism which exhibits chlorophyll in any quantity as a proper
element of its tissues is most probably vegetable. In this case also, however,
the presence of chlorophyll cannot be regarded as a certain test, since it occurs
regularly in some undoubted animals (e.g., Stentor amongst the Infusoria, and
the Hydra viridis, or green Fresh-water Polype, amongst the Calenterata).

Fourthly, As regards locomotive power, or the ability to effect changes of
place at will, the results of observation are singularly at variance with our
preconceived notions. Before the invention of the microscope, no instances of
independent voluntary movements were known in plants, if we except the
voluntary opening and closure of flowers and their turning towards the sun,
the drooping of the leaves of sensitive plants under irritation, and some other
phenomena of a like nature. Now, however, ye know of many plants which
are endowed, either when young or throughout life, with the power of effecting
voluntary movements apparently as spontaneous and independent as those ex-
hibited by the lower animals. In some cases the movements are brought about
by means of little vibrating hairs or cilia, with which a part or the whole of the
surface is furnished. When it is added that many animals are permanently
fixed and rooted to solid objects in their fully-grown condition, it will be seen
that no absolute distinction can be drawn between animals and plants merely
on the ground of the presence or absence of independent locomotive power.

Fifthly, We have shortly to consider one of the most reliable of all the
tests by which an animal may be sep?.mted from a plant—namely, the
nature of the food, and the products which are formed out of the food within

the body. ! ) . .
The differences between animals and plants in this respect may be roughly

stated as follows :— ) ! X
1. Plants live upon purely inorganic substances, such as water, carbonie

acid, and ammonia—and they have the power of making, out of these, trye
organic substances, ! .

take as food very simple bodies, and manufacture them into much more con-
plex substances, so that plants are the great producers in nature,

9. All plants which contain green colouring-matter (chlorophyll) in the pro-
cess of digestion break up carbonic acid into .the two elements of which ét is
composed—namely, carbon and oxygen, keeping the carbon and setting free
the oxygen. As carbonic acid occurs always in the air in small quantities, the
result of this is that plants remove carbonic acid from the atmosphere and give

out oxygen. i . '
3 A)n&;mnls, on the other hand, have no power of living on inorganic matters,
| cid, and ammonia.  They have no power of converting

such as water, carbonic acid, : : : :
ic substances of which their bodies are composeq,

these into the complex organic : ! .
On the contrary, animals require to be supplied with ready-made organic con.

such as starch, cellulose, sugar, &c. Plants, therefore,
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pounds if their existence is to be maintained. These they can only get in the
first place from plants, and therefore animals are all dependent upon plants
for f8od either directly or indirectly. Animals, therefore, differ from plants
in requiring as food complex organic bodies which they ultimately reduce to
very much simpler inorganic bodies. Whilst plants, then, are the great manu-
facturers in nature, animals are the great consumers. Another distinction
arising from the nature of thei}' food is, that whilst plants decompose carbonic
acid, keeping the carbon and setting free the oxygen, animals absorb oxygen
and give out carbonic acid, so that their reaction upon the atmosphere is the
reverse of that of plants. It should be added, however, that there are organ-
isms which are genuine plants so far as concerns their nutritive processes, but
which, nevertheless, exhibit other characters which would place them among
animals. Examples of such organisms are found in Volvoz and its allies.

As regards these general distinctions Detween plants and animals, there are
two points which should be remembered :—

1. That even if universally true, these distinctions can often not be applied
in practice to the ambiguous microscopic organisms about which alone any
doubt can be entertained. :

2. These general laws are certainly not of universal application in the case

/ of plants. . Thus, plants which do not contain chlorophyll (e.g. Fungi) do not

possess the power of decomposing carbonic acid under the influence of sun-
light, but are like animals in requiring organic compounds for their food.

3. CoxpirioNs oF LIFE.

Certain conditions are necessary for the manifestation of life or
vitality, as, indeed, is the case with every known force. Some of
these conditions, though very generally present, are not absolutely
indispensable ; but there is one condition which appears to be
essential, and that is, that the living body must be composed of a
certain material. This material forms the essential and funda-
mental parts of every living being, whether vegetable or animal,
and it is usually known by the technical name of “ protoplasm ”
(Gr. protos, first ; and plasso, I mould). Living beings may, and
often do, contain in their bodies many other substances besides
“ protoplasm,” but it is in this substance that vitality seems alone
to be inherent ; and we arve consequently justified in saying that
life is only found in connection with protoplasm. It is, however,
still a matter of opinion whether the protoplasm of all animals and
plants is precisely the same, and under any circumstances we may
believe that this substance is simply the medium or vehicle through
which vital force manifests itself. Using the term in its general
sense, “protoplasm ” is chemically related in its nature to albmpcn
or white-of-egg, and generally has the character of a ]elly-h-k?,
semi-fluid, transparent material, which does not in itself exhlln.t
any definite structure. When heated to a certain temperature, it
solidifies or “coagulates,” just as the white of an egg does when

©
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boiled. In its living stage also, protoplasm appears invariably to
have the power of movement. Thus, any little mass of living, pro-
toplasm, if free to do so, has the power of throwing out processes
of its own substance, and thus of moving and changing its place.
Tt has, also, the power of increasing in size or of maintaining its
existence by “assimilating ” fresh and foreign material ; and it may
detach portions of its own substance which may become developed
into fresh masses of protoplasm.

In some cases, though protoplasm be present, there is no external
and visible manifestation of life, as is the case with eggs and seeds,

. which exhibit what is called a “dormant” vitality. This condition
may remain for a long time unchanged, until the external circum-
stances are altered, and then the organism passes from a state of
dormant into one of active life.

As a general rule, therefore, it is necessary for certain external
conditions to be present before any external vital phenomena can
be manifested ; and usually life itself, even in a dormant state, can-
not be maintained in the absence of these conditions. Thus, the
presence of atmospheric air (or rather of free oxygen) is in an ordi-
nary way essential to active life. The higher manifestations of
vitality, again, ave only possible between certain limited ranges of
temperature, varying from near the freezing - point to about 120°
Fahr. Water, again, is an essential constituent of protoplasm in its
living state, and is therefore absolutely essential to the carrying on
of vital processes of all kinds. Hence the mere drying of an animal
or plant will in most cases kill it outright, and will always suspend
all visible vital phenomena.

Lastly, the great majority of living beings are organised—that is
to say, they are composed of different parts, or organs, which hold
certain relations with one another, and which discharge different
funections. It is not the case, however, that organisation is a neces-
sary accompaniment of vitality, or that all living beings are organ-
ised. Many of the lower forms of life exhibit absolutely no visible

structure, and cannot, therefore, be said to be “organised” ; hut. .

they nevertheless discharge all their vital functions just as well ag
if they possessed special organs set apart for the performance of
each. Animals, therefore, are organised, or possess structure, be-
cause they are alive; they do not live because they are organised,

4. CLASSIFICATION.

By the term classification is understood the arrangement of 5
number of dissimilar objects of any kind into larger or smallep
groups according as they exhibit more or less likeness to one an-
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other. The number of different animals js so enormous, that it was
long 2ago perceived that some classification of them, or method of
arranging them into groups, was absolutely indispensable. With-
out some such arrangement it would have been utterly impossible
to have ever acquired a clear notion of the animal kingdom as a
whole. In forming such a classification, we might take some one
character, such as the possession of wings, the number of legs, or
the like ; just as we might divide mankind into groups according
to the colour of the hair, the shape of the nose, or some other trivial
feature. Classifications of this kind, however, are “artificial,” and
do not express the real relationships of animals ; hence they are now
universally discarded by naturalists. The true method of forming *
a classification is to compare different animals with one another as
regards «ll the features which they present; and in this way we
obtain what is called a “natural” classification. It is to be remem-
bered, however, that a thoroughly natural classification of animals
would imply that our knowledge of all their characters was com-
plete ; and as that is not the case, no known classification can be
regarded as more than approximately true.

A natural classification, then, is founded upon a comparison of
different animals with one another as regards all their essential char- -
acters ; and these characters are of two kinds. Firstly, we have
to look to the laws, form, and arrangement of the structures of the
organism. This constitutes what is called ‘Morphology,” or the
science of form and structure (from the Greek words morpke, shape
or form ; and logos, a discourse). Secondly, we have to study the
vital actions performed by the living organism, and the functions
discharged by each portion of the body. This constitutes the science
of “Physiology.”

MorrmoLoay.—As we have just seen, Morphology, as a general
science, deals with the mere form and structure of the organism,
irvespective of function or wse; but it admits of a more or less
artificial division into subordinate departments. Thus the study of

“the form and structure of living beings in their fully developed

condition constitutes the science of Anatomy. The term Human
Anatomy is given to the morphology of man, and the term Com-
pagative Anatomy is applied to the study of the structure of animals
in general, as compared with one another and with man.
Morphology, again, not only deals with the organism as a fully
developed whole, but is also concerned with the changes through
which every living being has to pass in reaching its mature or
fully-grown condition. This constitutes a special branch of the sub-
ject to which the term “ Development” is applied. Ry i
Finally, a separate department of the subject is sometimes consti-
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tuted under the name of “ Winute Anatomy,” to designate those
morphological studies which are specially concerned with the inves-
tigation of the minute or microscopic structures and tissues of which

living beings are composed, apart from the grosser and more palpable

features of form and structure.

PuysroLocy.—In its broadest sense, Physiology may be stated
to be the science of life and wital phenomena,—understanding by
““science,” knowledge methodised and reduced to its principles. In
other words, Physiology deals with the functions exercised by living
bodies, or by the various definite parts or “organs” of which most
living beings are made up. Morphology teaches us the structure of
the animated machine ; Physiology shows us what the machine can
do, and what are the use and purpose of the various parts of which
the machine is composed.

The study of the functions discharged by the human organism
constitutes a distinct branch of Physiology to which the name of

Human Physiology is applied ; whilst Comparative Physiology is con-

cerned with the study of the vital phenomena exhibited by the lower

animals.
All the vital actions of the organism—in other words, all physio-

logical phenomena—may be roughly divided into the following three
groups :—

1. Functions of nutrition, comprising the various functions by which
the organism is enabled to live, grow, and maintain its existence as
an ndividual.

2. Functions of reproduction, comprising those functions wherely
fresh individuals are produced, and the perpetuation of the species ig
secured, whilst the original individual perishes.

3. Functions of relation, comprising all those functions (such ag
sensation and the power of voluntary movement) whereby the outey
world is brought into relation with the organism, and the organism
in turn is enabled to react upon the outer world.

The functions of nutrition and reproduction are essential to bare

existence, and are sometimes spoken of collectively as the ¢ vegeta..

tive” functions, as being common to animals and plants alike. Oy
the other hand, the functions of relation are often spoken of as the
« animal ” functions, since they are most highly developed in animals,
Various plants, however, are endowed with the power of movement,
and exhibit sensibility equal in amount and apparently similar iy
kind to that manifested by many of the lower animals ; so that the
functions of relation, though more characteristic of animals than of
plants, are not peculiar to animals.

It should also be borne in mind, that though the above grouping
of the physiological functions is convenient, it is to a certain exteyt

L27
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arbitrary, and that the groups of functiong run into one another, and
are most intimately connected. Thus, for example, in the higher ani-
mals, some or all of the functions of relation are secondarily func-
tions of nutrition, and »ice versd, since the integrity of both groups is
essential to the working of either. If the animal be deprived of the
powers of vision and locomotion, it cannot obtain food ; and if its
nutrition be interfered with, its functions of relation will be destroyed.

Hoxorocy axp Avarocy.—These are two terms which are em-
ployed to express, respectively, the morphological and physiological
likenesses betweqn’the.organs and parts of different animals.

When we find'tie same morphological structure or organ in two
different animals, however much altered or disguised in form, then
we have to deal with a case of komology ; the two organs ave komol-
ogous ; and the one is said to be the Zomologue of the other. And

. Fig. .—A, Arm of Man. B, Fore-leg of Dog. C, Wing of Bird. & Humerus, or bone

of upper arm ; 7 and % Radius and Ulna, or bones of the fore-arm; ¢ Carpus, or
bones of the wrist ; m Mectacarpus, or bones of the root of the hand ; p Phalanges,
or bones of the fingers.

it ig not in the least degree necessary that the two homologous organs
should perform the same function or discharge the same work. On
the contrary, they may- be fitted for very different purposes, and it
is simply necessary that they should be formed on the same funda-
mental plan of structure. For example, the arm of man, the fore-
leg of the dog, and the wing of a bird, are constructed upon the
same morphological type, and are therefore komologous—as will
readily be seen by referring to the annexed illustration, where cor-
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responding parts are letteyed with corresponding letters. They per-
form, however, totally different functions, the first being an organ of
prehension, the second being devoted to terrestrial progression, and
the third being an organ of flight.

On the other hand, whenever we find in different animals organs
fulfilling the same purpose and doing the same work, then we have
to deal with a case of analogy—the organs are analogous, and the

-one is said to be the analogue of the other. In other words, those
parts or organs are analogous which resemble one another physio-
logically and discharge the same functions, wholly irrespective of
what their fundamental structure may be. In most cases the organs
which would ordinarily be called “analogous” are such as differ
from one another in structure, at the same time that they discharge
the same duties. Thus the wings of a bird and the wings of an
insect are analogous organs, since they are both organs of flight, and
serve to sustain their possessor in the air. They are, however, in no

way similar to one anothér except when regarded from this physio- Y

logical point of view ; and they differ altogether from a morpho-
logical aspect, being in no way formed on the same fundamental
plan. It often happens, however, that “analogous” organs have
the deeper relation to one another of being constructed upon the
same morphological plan, in which case they are botk analogous and
homologous. Thus, the leg of man and the hind-leg of a dog are
both analogous and homologous, since they are constructed upon the
same plan and discharge similar functions.

It need only be added in this connection that sound classification
depends on a correct discrimination between likenesses of homology
and likenesses of analogy. Likenesses of analogy—that is, like-
nesses dependent solely upon the possession of organs discharging
the same physiological function—are to be disregarded. Thus, the
Bird and the Butterfly are not to be grouped together simply he-
cause both possess organs of flight. On the other hand, likenesses of
homology—that is to say, likenesses dependent on identity of strye.

tural plan—are a safe guide to real affinity, enabling us to trace.d
the genuine relationships which may subsist between animals out-

wardly very dissimilar, and affording to us'the foundation of a
common type capable of almost endless modlﬁca.tion. ‘Whilst, the
theory of philosophical classification is thus c_le:u-, it may be further
said that great difficulties attend the carrying out of the admitte(q
theory into actual practice. This arises .chleﬂy from the difficulty
which is met with when we come to disentangle the homologicq]
from the merely analogical likenesses of animals ; and it is in ovey.

coming this difficulty that a great portion of the labours of the
philosophical zoologist consists.

.
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o (GENERAL DivisioNs oF THE ANmrarn KiNepoa.

Acting upon the principles above indicated, and by a careful com-
parison of the morphological and physiological differences between
different animals, naturalists have divided the entire animal king-
dom into a number of divisions, the general arrangement of which
may be very briefly indicated. Firstly, the whole animal kingdom
may be divided into two great sections, known respectively as “In-
vertebrate Animals” or Ilnvertebrata, and “ Vertebrate Animals”
or Vertebrata. The leading characters which distinguish these
two great sections are exhibited in the subjoined diagram, and
may be shortly stated as follows: In all Invertebrate animals, the
body, if divided transversely or cut in two, shows only a single tube
containing all the vital organs (fig. 2, A). These organs in the

. higher Jnvertebrata consist of a digestive or alimentary tube; a cir-
WY Jculatory system, by which the vital fluids are distributed through

>

Fig. 2.—A, Diagrammatic section of one of the higher Invertebrata. B, Section of one
of the Vertebrate (slightly altered from Huxley): a Wall of the body; b Alimentary
canal; ¢ Cirenlatory system; n Nervous system; ' Brain and spinal cord of the
Vertebrata, enclosed in a separate tube; ck Notochord or chorda dorsalis.

the body; and a nervous system, by which the animal is brought
into relation with the outer world. Any or all of these vital

“organs, however, may be wanting, or may be imperfect or rudi-

mentary. When there is any skeleton, this is usually external, and
is mostly nothing more than a hardening of the skin, produced by
the deposition in it of horny matter, of lime, or of flint. " The limbs,
when present, are turned towards that side of the body upon which
the main portions of the nervous system are situated. In the Ver-
tebrata, on the other hand, the body, if transversely divided, ex-
hibits zwo tubes (fig. 2, B). In the one is placed the main mass of
the nervous system (the brain and spinal cord). In the other
tube are the alimentary canal, the main organs of the circulatory
system, and certain other portions of the nervous system, which are
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known as the “sympathetic” system of nerves. Further, in the
Vertebrata there is always an 7nternal skeleton, the centra] stem
of which is usually constituted by a true backbone or “vertebral

column.” When this is not present, there is a structure which will _

be afterwards described as the “notochord” or “chorda dorsalis.”
Lastly, the limbs of Vertebrate animals, when present, are never
more than four in number, and they are always turned away
from that side of the body on which the main masses of the nervous
system are placed.

The subdivision of the Invertebrate animals is divided into five
great groups or “morphological types,” which are known as sub-
kingdoms These primary types of structure are known to natu-
ralists under the technical names of the Protozoa, Calenterata, Echin-
odermata, Annulosa, and Mollusca. Their distinguishing characters
and more important subdivisions will be spoken of hereafter, and
need not, therefore, be noticed here. The division of the Verte-

=

PR

brate animals constitutes by itself a sixth sub-kingdom, which is‘M

simply known under the name of Vertebrata. There are, therefore,
siz primary types of structure or sub-kingdoms, to one or other of
which all known animals may be referred. The highest of these
forms alone the division of the “Vertebrate Animals,” whilst the
five lower sub-kingdoms are grouped together under the collective
name of “Invertebrate Animals.”

Each sub-kingdom, therefore, comprises a group of animals which
are constructed upon a common plan or type, however greatly thig
type may be modified ; and each is, in turn, broken up into sul-
divisions which are termed “classes.” Each “class,” again, is divided
into “orders,” each “order” into “families,” each “family” into
“genera,” and each “genus” into “species.”  To define the term
“gpecies,” which is the smallest definite division accepted lhy
naturalists, is, in the light of recent researches, no easy mattey,
We may, however, consider that each species,” or, as we should

commonly say, “kind,” of animals consists of such individualg ag \
resemble one another in all the essential characters of their strue..{\

ture, and are able, directly or indirectly, to produce other fertile
individuals like themselves. Even in the above definition, we must
recollect that the individuals of a species are not precisely alikeg and
it commonly happens that a number of the individuals of a specieg
have some special peculiarity or peculiarities, by which they cay
readily be separated from the rest. When this is the case, the

hus distinguishable constitute what is called a “variezy, »

individuals t
ard the Sponges as forming a sixth division, to whie),

1 Many naturalists reg ng.s 8
the name of Porifera is often given ; but this division is hardly equivalent j;,

rank to a sub-kingdom.
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and if their peculiarities are permanent, angl are handed down con-
stantly, by inheritance, then we get a “race.” Thus we may sup-
pose (though some doubt it) that all known dogs belong to and
constitute one species. But we know that individual dogs, such as
the greyhound, the mastiff, the terrier, the bull-dog, and the like,
differ from one another so greatly that we can always recognise
them with certainty. These, therefore, constitute so many varieties
of the dog. It meed only be added that the greatest of all diffi-
culties which the practical naturalist has to confront is the difficulty
of determining precisely what constitutes a species as distinguished
from a variety. In other words, there are innumerable cases in
which it is almost impossible to tell whether we are dealing with
two closely allied species, or with a species and its variety; and in
no case can any definite rule of guidance be laid down by which this
difficulty can be got rid of. _

~  The classification now adopted by mnaturalists will perhaps be

\wﬂbetter understood if we take an actual example, and see how it is

applied in practice. If we regard the domestic dog, with all its
subordinate varieties, as a single species, we have to notice, in the
first place, that it is known technically by a douwble name, and is
called the Cands familiaris. All species are thus known by “bi-
nomial ” designations, the second name being like a man’s Christian
name, and being distinctive of the individual, whilst the first name
is like a man’s surname, and indicates the group, or, technically,
“genus,” to which the individual belongs. The dog, then, whilst
individually recognised by the epithet “ familiaris,” belongs to the
“ genus” Cands, in which arve included other related species, such as
the Wolf (Cands lupus) and the Jackal (Canis auwreus). The genus
Canis, again, belongs to the family” Canide, including othe_r
genera, such as the Foxes (Vulpes). The family Canide, again, 1s
one of a number of families, such as the Lions, Tigers, and Cats
(Zelide), the Bears and Racoons (Urside), the Hywenas (Hyenide),

»&‘&c., which together constitute the “order” of the Carnivora or

easts of Prey. The Carnivora, again, constitute one of many
orders of Quadrupeds, which are distinguished by suckling their
young and by other common characters, and which collectively con-
stitute the “class” Mammalia. Finally, the class Mammalia i8
united with the classes of the Birds, Reptiles, Amphibians, and
Fishes, to constitute the great primary division of Vertebrata or
“Vertebrate Animals;” since all these classes agree with one
another in the fundamental character of possessing a backbone or
“vertebral column,” or an equivalent structure.

Condensing the above, the zoological position of the Dog, expressed
in full, would be as follows :—
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Sub-kingdom, VERTEBRATA.

Class, Mammalia.

Order, Carnivora. £

Family, Canide.

Genus, Canis.

Species, Canis familiar:s.
In an ordinary way, however, it is quite unnecessary to employ in
practice any of the above names except the last or specific name,
since that implies all the others.

The remainder of this work will be occupied with the considera-
tion of the chief characters of the more important groups into which
the animal kingdom has been divided, omitting those which are not
. of paramount interest; but it will be necessary first to say a few
words as to the distribution of animals in space and in time.

5. DISTRIBUTION OF ANIMALS IN SPACE AND 1N TIME.

Distripurioy 1y Seace.—The distribution of animals in space, or
their geographical distribution, is a department of zoology which is
concerned with determining the limits within which each species of
animal is at the present day confined. Save man, and his faithful
attendant the dog, no species of animal can be said to have anything
like a universal distribution ; and each species, as is a matter of com-
mon observation, belongs to a certain region, and is confined within
wider or narrower limits. Thus the Giraffe, for example, is not known
to exist out of Africa; the Kangaroos belong to Australia; the Arma-
dillos do not occur out of South America,—and so on. Further than
this, it is possible to divide the earth’s surfac.e into a certain numbey
of geographical regions or “zoological provinces,” each of which ig
characterised by the occurrence in it of certain associated forms of
animal life. Under the head, therefore, of “distribution in space,”
come two different but allied branches of inquiry. Firstly, we have
to inquire as to the geographical range enjoyed by each individyg)

species of

and this alone demands a brief consideration here.

The geographical distribution of land animals is conditioned partly
by the existence of suitable surroundings, and ]?artly by the presence
of barriers preventing migrations. Thus, certain contiguous regions
might be equally suitable for the exist.ence of t:,he same animals, byt
they might belong to different zoological provinces if separated by

rrier, such as a lofty chain of mountains. Owing

any impassable ba AR, 08
to {heirppowel‘ of flight, the geographical distribution of birds is much
less limited than that of Mammals; and many migratory birds may

\

animal ; and secondly, we have to determine what generayed
assemblages of animals characterise certain large aréas or provinces, -

7
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be said to belong to two zoological provinces, In spite of their powers

" of locomotion, however, birds are limited by the necessities of their

life to®definite areas, and a zoological province may be marked by
its birds just as well as by its quadrupeds.

The geographical distribution of an animal at the present day by
no means necessarily coincides with its former extension in space.
Many species are known which now occupy a much more restricted
area than they did formerly, owing to changes in climate, the agency
of man, or other causes. Similarly, there are species whose present
avea is much wider than it was originally.

At the present day, naturalists usually adopt the arrangement of
the dry land into zoological provinces, which was originally proposed
by Mr Selater. In this arrangement the earth’s surface is divided
into the following six provinces, each of which is characterised
partly by the presence of a particular “fauna,” or characteristic
assemblage of animals, and partly by the absence of certain other
characteristic animals :—

I. The Palwarctic Province, including Europe, Africa north of
the Atlas Mountains, and Northern Asia. Among the more charac-
teristic animals of this province are Bears, Sheep, Goats, Catarhine
Monkeys, and Pheasants.

I1. The Ethiopian Province, including Africa south of the Atlas
Mountains, aud Southern Arabia. Among the more characteristic
animals are the African Elephant, the Hippopotamus, Giraffe,
Hyrax, Aardvark, numerous Antelopes, Baboons, the Lion, and the
Ostrich. There is a characteristic absence of Bears, Deer, Goats,
and Sheep.

IIL. The Oriental or Indian Province, including Asia south of the

Himalaya Mountains, Burmah, Siam, Southern China, and_ tl.xe Il}-
dian Archipelago (Java, Sumatra, Borneo, &c.) Characteristic ani-
mals are the Chevrotains, Indian Buffalo, Indian Elephant, Tiger,
Horubills, Pea-fowl], and J ungle-fowl.
. IV. The Australian Province, including Australia, Tasmania, New
Guinea, New Zealand, and most of the islands of the Pacific Ocean.
Characteristic animals are the Duck-mole and Spiny Ant-eater
(Eehidna), namerous Marsupials, Birds of Paradise, Cockatoos, and
the Australian Mud-fish (Ceratodus). There is a remarkable absence
of most orders of the Placental Mammals, of Vultures, .WOOdPeCk?"S’
and Tailed Amphibians. New Zealand is peculiar in not having
any Marsupials nor Monotremes ; in having no Reptiles exce}ft
Lizards ; and in the possession of the curious Apterys and the ex-
tinet Dinornis.

V. The Nearctic Province, including North America down to the
centre of Mexico. Characteristic animals are the Prongbuck, the

(4]
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Musk-rat, the American Buffalo, Tree-Porcupines, and the Turkey.
The Beaver, Reindeer (Caribou), Sheep, and Bears are types com-
mon to this and the Palearctic Region. 3

VI. The Neotropical Province, including the whole of South
America, Central America, and Southern Mexico, together with
the Antilles. Characteristic animals are the Platyrhine Monkeys,
Llamas, Peccaries, Cavies, Sloths, Ant-eaters, Armadillos, Trogons,
and Curassows. There is an absence of Insectivorous Mammals,
Gioats, Antelopes, Oxen, Cranes, &c. The Opossums are common
to this and to the Nearctic Province.

Leaving the dry land, we find that even in the ocean animals are
not distributed at random, but have, on the contrary, a more or less
definite range. Without.entering at length into this very inter-
esting subject, two or three of the more important facts connected
with the distribution of marine life may be stated here. In the
first place, certain marine animals affect that portion of the sea-

X/
V

shore which lies between tide-marks, and is therefore more or less 'V

completely uncovered twice a-day by the retirement of the tide.
Technically, naturalists call the tract between tide-marks the “Lit-
toral Zone” (Latin, litus, the shore). TIn the second place, we find
other animals which do not like to be uncovered by the retiring
tide, and which live, therefore, just below the limit of low water, and
usually extend their range till the sea becomes about fifteen fathoms
in depth. Within these limits the great Tangle (Laminaria) flourishes
in profusion, and hence this is called the “ Laminarian Zone.” Be.
yond the Laminarian Zone are other regions of different depths,
which can usually be recognised more or less distinctly by the
animals which inhabit them. Finally, by the researches of Car-
penter, Wyville Thomson, Gwyn Jeffreys, Wallich, Sars, Pourtales,
Agassiz, and other observers, we know that the “deep sea” prop.
erly so called, extending from a depth of 300 fathoms up to at least
3000 or 4000 fathoms, is tenanted by a vast number of animals,

constituting a very remarkable and peculiar life-assemblage. W,

also know now, that, except in very limited depths, the distributig,
of marine animals is conditioned not by the depth of the water, but
by its temperature. Similar forms of marine life are therefore found
inhabiting areas in which the bottom-temperature is the same,qrre-
spective of what the depth of the water may be. And it may happen
that two neighbouring areas of the sea-bottom may be inhabiteq
by different assemblages of animals, in spite of their being cloge
together, provided one area is swept by a current of warm water,
whilst the other has its temperature lowered by the influx of a co)q

current.

Distrisurioy 1IN TiME—The distribution of animals in past

s

{
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time, or their “geological distribution,” lelongs to the science of

“ Palmontology” (Gr. palaios, ancient ; onta, beings ; logos, a dis-

course), and constitutes a subject so vast that nothing more can be

. done here than to indicate one or two of the most elementary con-
' siderations relating thereto. In the first place, Geology shows us
that a very large portion of the crust of the earth is composed of
rocks which existed originally in the form of sand, mud, clay, or
ooze, and which formed the floor of the ocean. Other rocks can be
shown to have been originally formed by lakes or rivers, and some-
times we find what may be regarded as old land-surfaces or soils.

These various kinds of rock, in the second place, often contain in

their interior what are called “fossils” or “ petrifactions,”—in other

words, the remains or traces of animals and plants which lived at

the time when the rocks were in actual process of formation. In

rocks which have been formed in the sea, the fossils consist chiefly

of the skeletons of shell-fish, corals, sea-urchins, and other marine
v animals ; in rocks which have been formed in lakes or rivers, we

have chiefly fresh-water shells and the skeletons of fresh-water
f fishes ; and in ancient soils we find the remains of plants, along
‘ with air-breathing animals, such as insects, spiders, or quadrupeds.

We see, then, that animals existed upon the earth for a long
period before the appearance of such forms as are now familiar to
us ; and we have to note, in the third place, that not only are exist-
ing animals in many cases different from those which immediately
preceded them, but that the globe has really passed through a suc-
cession of periods, during each of which there flourished an assem-
blage of animals more or less peculiar to the period. In the later
periods of the earth’s history, the animals which lived in the sea or
in lakes and rivers, or which roamed upon the land or disported
themselves in the air, present a general likeness to the animals now
in existence, though not identically the same. In the earlier
periods, again, the animals are not only “extinct,” or, in other
words, no longer existent, but they are very wilike any animals

, } which we see at the present day, and the older the period the
greater is this unlikeness.

We have, finally, to remember, that though many extinct animals
are go peculiar that we have to place them in distinct families or
orders, there is at present no known fossil which cannot be referred
to one or other of the existing sub-Lingdoms. We have therefore,
80 far as our present knowledge goes, no proof of the former exist-
ence and disappearance of any “morphological type.”

B
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INVERTEBRATE ANIMALS.
SUB-KINGDOM I. PROTOZOA.
4

CHAPTER L

1. GENERAL CHARACTERS OF THE PROT0ZOA. 2. CLASSIFICATION
3. GREGARINIDA.

Tue sub-kingdom Protozoc (Gr. protos, first ; and zosn, an animal)
as the name implies, is the lowest division of the animal king dom’
and its limits are therefore necessarily not yet strictly defined. T],é
Protozoa comprise an enormous number of animals, which are mostly
so small as to be invisible to the naked eye, and can only be satisfac-
torily examined under pretty high powers of the microscope. Foy-
this reason, and because they are almost universally found in watey.
these creatures, often popularly called “animalcules,” are almost un:
known to the majority of people. The microscopical forms of the
Protozoa swarm in most stagnant pools, and in all waters charged

with organic matter so as to afford them food. Every worker wit,
\

A

a which in many cases render them objects of the highes{"’"

the microscope is familiarly acquainted with them, and they exhily;
phenomen !

interest. From their low position in the animal scale, it arises that
the Protozoa are mainly characterised by the absence of organs and
structures which occur in higher beings, and they possess few ?)osi-
hich they can be distinguished.

as animals, generally of a very m;.
nute size, and composed of unmodified or s'lz'g/ztl 'y modified protoplasm,
The typical members of the group are “unicellular,” the primitive mass
of protoplasm developing a “nucleus,” and .tlms becoming a “ cepp »
The “ nucleus " may, however, be absent ; and it s only in the Sponges

tive characters by w
The Protozoa may be defined

o

o

e
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that the protoplasm becomes converted ingo an aggregate of cells.
There s no definite internal cavity (““ body-cavity”), and no nervous
system is developed.  Definite digestive organs are wanting, or present
only in rudimentary form.

If we except the Sponges—which many naturalists regard as a
separate division—the Zrotozoa do not rise, morphologically, above
the condition of which is called a “cell.” That is to say, a typical
Protozoin consists of a mass of protoplasm, surrounded by a thickened
layer or “wall,” and enclosing a central solid or vesicular body or
“nucleus,” often containing in its interior, or attached to its exterior,
a still smaller body or “nucleolus.” The outer layer of the proto-
plasm may, however, remain unchanged, not becoming differentiated
into a “wall,” and the “nucleus” and “nucleolus” may be wanting.
In such cases, the organism constitutes what is usually called a
“cytode,” rather than a “cell.”

On the other hand, in the Sponges the organism becomes “multi-
cellular,” the primitive protoplasm becoming ultimately divided
into a larger or smaller number of separate “cells.” For this
reason it is not unusual to associate the sponges with the whole
series of animals higher than the Protozoa, and to speak of them
collectively as the Metazoa.

The substance of which the body of any Protozoin is composed is
of the nature of protoplasm, usually very slightly differentiated or
altered in any way, and commonly known as “sarcode” (Gr. sarz,
flesh ; eidos, form). Viewed under the microscope, the sarcode
appears as a transparent, colourless, or variously coloured viscid sub-
stance, exhibiting numerous minute darker particles or granules
scattered through it, these being probably of a fatty nature. Along
with these dark granules and molecules there can generally be ob-
served a larger or smaller number of variously sized round clear
spaces, which are known by the name of “vacuoles.” Some of these
“vacuoles” seem to be constantly present ; but many are of mere
temporary occurrence, and these seem to be merely little drops of

“water included in the soft protoplasm, and sometimes surrounding a

particle of food. Often one of the vacuoles is not only permanent
and fixed in position, but is much larger than the rest, and is “con-
traggile,” having the power of dilating and contracting at definite
intervals. This is known as the “contractile vesicle” (fig. 3, A),
and may, perhaps, be looked upon as a rudimentary organ of circu-
lation. Sometimes there are two or more contractile vesicles.

Very commonly the external layer of sarcode composing the body
of a Protozoén is comparatively dense and free from granules, while
the internal protoplasm is softer and more fluid, and is charged with
granules and vacuoles. Thus the protoplasm may be distinguished
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in many ca._sg.s-fx\xto ap “ectosarc” and “endosarc.” In the endosarc
in most Protofeands found the solid or hollow body, known as the
“nucleus” (fig: 3¢ ,{i), .and this may have a still smaller body, the
“nucleolus,” af&ib};xgg_’"tg_jts external surface, or embedded in its
interior. The “nuclétiz” and “nucleolus” have often been sup- / 1
posed to have a reproductive function ; but there appears to be in-
sufficient evidence for this conjecture.
|
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Fig. 8.—A, Amaba proteus, with the pseudopodia protruded, enlarged 200 diameters
(after Leidy): n, Nucleuns; ¢, Contractile vesicle; v, One of the larger food-vacu-
oles; en, The granular endosarc; ec, The transparent ectosarc; o, A cell ¢f an
Alga taken in as food (other cells of the same Alga are obliquely shaded). B,
_{maha radiose, enlarged 500 diameters (after Leidy). The body shows two large
vacuoles, but no nucleus or contractile vesicle. The long and delicate pseudopodia

are protruded.
In one division of the Protozoa (the Infusoria) there is a perma-

nent mouth and a short gullet, but in all the others there are no
definite organs connected with the process of digestion. In no Pro-



system been hitherto detected ; and in none, evew ose which’

possess a mouth, is there any distinet and-defisi a0 or chamber
within the body in which the particles. pf _f 30 received. No
organs of sense (except, perhaps, occasionally Very rudimentary ones)
exist in any of the Protozoa—that is to say, there are no distinct
organs fitted for the reception of impressions produced by light or
sound ; but the general surface of the body appears capable of re-
ceiving the impressions produced by contact with foreign bodies,
and therefore acts as an organ of touch. The power of active loco-
motion is enjoyed by most of the Protozoa ; but in some cases this
is very limited, and in other cases the animal is permanently fixed
in the adult condition. The apparatus of locomotion in the Protozoa
is of a varied nature. In many cases, especially in the higher forms,
movements are effected by means of little hair-like processes, which
ave called “ecilin” (Lat. cilium, an eyelash), and which have the
power of vibrating or lashing to and fro with great rapidity. In
other cases the cilia are accompanied or replaced by one or more
long whip-like bristles, which act in the same fashion, and are
known as “flagella.” Amongst the lower Protozon the most char-
acteristic organs of locomotion are the so-called “pseudopodia” (Gr-
pseudos, falsity; podes, feet). These consist of variously shaped
filaments, threads, or finger-like processes of sarcode (fig. 3), which
the animal can thrust out from any or every part of its body. They
are not, however, definite and permanent organs like the cilia, for
they can be produced ab will, and when they are again withdrawn
they simply melt into the sarcode of the body, and leave no traces
of their existence.

The three principal groups of the Protozoa are known as the
Gregarinida, the Rldzopodst, and the Infusoria. The Sponges will
be here regarded as & special division of the Animal Kingdom, to
which the name of Porifera may be applied.

Crass 1. GrecARINIDA.—The Gregarinida may be defined as
parasitic Protozoa which have no mouth, and have no power of giving
out pseudopodia. They are usually looked upon as forming the
lowest class of the Protozoa; but in all probability much of their
degraded character, as we chall see in other cases, is due to the fact
that they are mostly internal parasites, and are therefore.not de-
pendent on their own exertions for food. They vary in size from
less than the head of a small pin up to nearly half an inch in length,
when they look something like small worms ; and they are found
living in the interior of various animals, especially the cockroach

and the earth-worm.

In anatomical structure a Gregarina usually presents the appear-
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ance of a single cell, consisting of an ill-defined membranous envel-
ope, filled with a more or less granular sarcode containing fatty
granules, and having in it a little central bladder or vesicle—the
“nucleus "—which in turn encloses a solid particle or “nucleolus ”
fig. 4, @ and b). The outer covering or cuticle with which the

Fig. 4.—Morphology and development of Gregarinida (after Stein and Lieberkiihn),
a Stylorhynchus oligacanthus, a *‘dicystidean” Gregavine; b Gregarine of the
earth-worm (*‘monocystidean"); ¢ The same encysted; d Further stage of the
same, with the contents divided into * pseudonavicelle”; ¢ Free *‘ pscudonavi-
cellie”; f Amabiform mass of protoplasm liberated from a pseudonavicella;
g and L Active forms of f. All the figures are greatly enlarged.

protoplasmic body is enclosed may be quite smooth, or it may be
furnished with bristles or spines, and in some cases even cilia have
been observed. Beyond the nucleus and nucleolus no definite
organs have been detected in the Gregarine ; and all the processeg
of assimilating food and getting rid of waste or injurious products
must be effected by the general surface of the body. As we shall
see, however, this is common in internal parasites, which are not
necessitated to live upon solid food, but which are enabled to subsist
simply by imbibing the nutritive juices of their hosts.

The following is a brief outline of the process of' rc!'l"Odllction, ns'it has been
observed in the Gregarine, sometimes in a single individual, sometimes in two
individuals which have come together and completely coal:esced and melteq
The Gregarina becomes completely motionless, assumes g

into one another. i ‘
d develops round itself a thick structureless coat or envelope,

globular form, an

A
<
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when it is said to be “encysted” (fig. 4, ¢). The nucleus then disappears, and
the sarcode of the body breaks up into little masses, which are at first rounded,
but afterwards become pointed at both ends, when they are called ¢ pseudo-
navicelle” (fig. 4, d). The cyst then breaks and the pseundonavicell® escape,
when they give origin to little masses of sarcode, which have the power of
active movement and of throwing out pseudopodia, thus coming closely to
resemble the animalcule which will be directly described as the Ameaba (fig. 4,
g and %). These little amaeba-like masses, if they find a suitable locality,
are finally developed into new Gregarine.
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CHAPTER II
RHIZOPODA.

TrE next class of the Z’rotozox which we have to consider comprises
the most characteristic and typical forms of the whole sub-kingdom.
The name of Rhizopoda, or “root-footed” animalcules (from the
Greek, rhiza, root ; and podes, feet), is derived from the fact that
they all possess the power of throwing out at will from various parts
of the body the processes of sarcode which have been already spoken
of as pseudopodia, and by which they both move and obtain food. In
fact, the Rhizopoda may be shortly defined as Protozoa which have no
mouth, and which possess the power of giving out pseudopodia. The
pseudopodia vary a good deal in shape and in other characters in

Fig. 5.—Morphology of Monera. a Protamaba porrecta; b Protomyra aurantioce ;
¢ The same in an encysted condition. Greatly magnified.

different orders of the Rkizopoda, but they have invariably the char-
acter of being nothing more than temporary threads or finger-like

¥
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processes of sarcode, which can be thrust ont at will, and which melt
again into the substance of the body when they are withdrawn.
Four principal types of structure are known in the Rkizopoda, and
these constitute as many distinct orders, which are known by the
names of the Monera, dmebea, Foraminifera, and Radiolaria.

OrDER I. MONERA.

This name has been proposed for a small group of organisms
which are not only the lowest types of the Rhizopods, but may be
regarded as the most elementary forms of animal life known to
us. The Monera are minute protoplasmic organisms in which the
sarcode-body is neither defended by a thickened external envelope,
nor furnished with the structures known as the “nucleus” and
“oontractile vesicle.” Vacuoles and granules are present in the
sarcode, and the pseudopodia emitted by the soft and mutable pro-
toplasm of the body are delicate and thread-like, or may be ramified
and variously interlaced (fig. 5). No hard covering or shell is ever
developed. The Moners inhabit water, and are mostly marine.

OrpER II. AM®EBEA.

This order is characterised by the fact that the pseudopodia are
mostly blunt and finger-like in shape, and that the sarcode of the
body contains the structures known as the “nucleus ” and “ contractile
vesicle”

As the #ype of the order may be taken the Ameba or Proteus-
animalcule, so called because of the incessant and varied changes of
form which it exhibits (Gr. amoibos, changing). The Ameaba is a
little microscopical creature which may commonly be detected in
stagnant water, especially where there is decaying vegetable matter.
When examined under the microscope, all that would probably be
seen at first would be a shapeless or irregularly spherical mass of
Felatinous, jelly-like sarcode, containing scattered granules. Soon
the creature might be observed to push out a finger-shaped pro-
longation of its own substance; and it would soon be found that
simiJar processes or pseudopodia could be pushed out at will from
almost any point of the body and again retracted within it without
leaving any trace behind. As a result of this, the form of the
animal is constantly changing, and hence its common name of
Proteus-animalcule (fig. 3 and fig. 6 B). By means of these tem-
porary processes of sarcode, the Ameba both moves and obtains
food. T.ocomotion is effected in a kind of creeping manner, the
animal pushing out the pseudopodia in one direction and then
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pulling the body in the same direction. In the same way, when
any minute particle of food, such as a miecroscopic plant, comes
within its reach, the Amabe wraps a pseudopodium round it, and
then withdrawing the pseudopodium, lodges the nutrient particle
securely in the substance of the body. It follows from this that
the Ameaba has no permanent mouth—no aperture, that is, which
is especially employed in the admission of food. Any part of the
surface can be pushed out into a pseudopodium, and therefore any

Fig. 6.—Amebea. A, Small Amedbe developed in organie infusions, greatly magnified,
B, Amaba princeps: n Nucleus; ¢ Contractile vesicle; v Region of the body where
indigestible matters are thrust out.

part of the surface can be extemporised into a mouth. The process
of taking food, in fact, in the Ameba, has been aptly compared to
thrusting a stone or any other solid body into a lump of dough,
The central portion of the body of the animal is softer and moye
fluid than the outer layers, and the particles of food, on reaching
this point, undergo a sort of digestion, and are subjected to a specieg
of movement or rotation in the interior of the animal. Each particle
of food, in the process of béing taken into the body, usually carrieg

with it a little drop of water; and in this way a number of clea)\"\
N\

spaces are formed, which are usually quite round, and look like
distinet cavities. These spaces are called “vacuoles”; but they are
not distinet organs of any kind, though formerly regarded as dissinet
stomachs. Having undergone digestion, any portions of food whicl
may be indigestible or insoluble are simply thrust out again througl
the walls of the body. This appears to be effected at one particuly,
part of the body; but there is no permanent aperture for the puy.
pose. There are no distinct vessels which serve to convey the
nutritive fluid derived from the digestion; but there does appe,
to be a rudimentary organ by which this fluid is driven through

o
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the body. If we watch an dmabe (fige6, B) carvefully, there is
usually no difficulty in observing that every now and again there
appears at one particular place a clear spot, “like a window,” which
slowly expands to its full extent, and then usually contracts slowly
till it disappears altogether. This process of gradual expansion and
contraction is what is called “rhythmical "—that is to say, it is
repeated at tolerably regular intervals, perhaps twice a-minute. In
some cases the vesicle, when contracted, remains so for a long time,
but it always reappears in the same place. It is known as the
“contractile vesicle”; and there can be little doubt that it is a
permanent organ. It is, in fact, a little clear space or cavity in the
substance of the body, filled probably with the nutritive fluid
derived from the digestion, and no doubt serving by its contraction
to drive this fluid to various parts of the body. In its function,
then, the contractile vesicle of the Amaeba is to be looked upon as
the first indication which we have in the entire animal kingdom of
that most important organ, the heart.

The Amaeba possesses no breathing-organs of any kind, and no
excretory organs, so that these functions must be performed by the
general surface of the body in a manner somewhat the same as the
exhalation from the skin which takes place in the higher animals.
There are, also, no traces of a nervous system, and no organs of
sense, and the only other structure of any kind is what is known
as the nuclens. The nucleus (fig. 3 and fig. 6 ) is simply a small
rounded or oval, granular mass, and there may be more than one
in the same individual. Its function, however, is quite unknown,
though it is probably connected with reproduction. The means
employed by the Amaba to perpetuate the species are various, but
the only one which need be mentioned is the process by self-division.
This is what is technically called “fission ” (Lat. findo, I cleave), and it
consists in a gradual division or cleavage of the body into two parts,
each of which then becomes a separate and independent individual.
In some cases this process is slightly varied, a single pseundopodium
alone being cast off and becoming a fresh Amaba, but this does not
differ essentially from the former.

Regarding the dmaba from a physiological point of view, we see
that, though the animal nourishes itself and maintains its existence
perfectly, the process of nutrition is carried on in the simplest pos-
sible manner, and with the simplest possible apparatus. There is
no permanent mouth, no stomach or alimentary canal of any kind,
no respiratory or excretory organs, and even no distinct aperture
for the extrusion of indigestible food. The only distinct structure
which is at all concerned in nutrition is a rudimentary contractile
cavity, the first foreshadowing of the heart in the higher animals,
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As regards the functions f relation, it is questionable how far the
Amaeba can be said to have distinet perceptions or sensations of any
kind. Tt has no nervous system or organs of sight or hearing, and
in all probability it has nothing more than a general sensibilit): to
light. It appears, however, to be fully aware when any object
comes in contact with a pseudopodium, and even to have some idea
whether this is fit for food. TLocomotion,
as we have seen, is entirely effected by the
temporary processes of sarcode, or pseudo-
podia, and there are no permanent organs
set aside either for locomotion or for pre-
hension — that is, for seizing external
objects.

Many other Rhizopods, more or less
closely related to the Ameba, have been
described. Some of these, though resem-
bling the Admaba in general structure, and
in the form of the pseudopodia, have the
soft protoplasmic body enclosed in a kind
of shell or “test.” A good example of
these shelled Amabea is the little Difflugia
(fig. 7), a not uncommon inhabitant of
fresh water. In this form the body is
Fie. T.— Diglugia_pyriformis, enclosed in a sort of shell, f:omposeq of
greatly enlarged. (Altered  sand - grains and other foreign particles
slightly from Carter.) The  oomented together by a kind of horny
case is composed of angular tion. The animal can retire within
grains of tmnspnrcntqunrtz, ?‘,“'cre 100, Y 3
within which is the transpa-  its shell, one end of which is open, so as
rent outer layer of the body, = ¢4 allow of the protrusion of the pseudo-
ot by e ot T o, In walking, the animal creeps
Contractile vesicles. about ¢ head-downwards,” so to speak—

that is to say, with the closed end of the

shell elevated above the surface on which it is moving.

OrDER JII. FORAMINIFERA.

The next order of the Riizopoda is that of the Eoraminifera, com-
prising animals which at first sight appear to be highly complex, but
which are really less highly organised tl;an tl}e Ameba. .The Fora-
minifera WAy be defined as Rhizopoda in 'w/nc{c the bf)dg/ is protected
by a shell or “test "+ a nucleus and contractile vesicle are usually

resent ; and the pseudopodia are eatremely long and thread-like, and
glgcrlac; awith one another so as to form a network. R
The most obvious and striking character of the Foraminifera is

A4
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the possession of an outer case or shell, ang for a long time they were
known to naturalists by their shells alone. As the shell or test is
usually very beautiful and often very complex, the Foraminifera were
consequently placed at first amongst the true shell-fish (Molluscea),
very much in advance of their true position. 'When, however, the
anatomical structure of the group came to be investigated, it was

soon found that they were really referable to the Protozoa, and that

@ The animal of Nonionina, after the shell has been removed
r Schultze), showing the shell surrounded by apnet-

work of filaments derived from the body-substance.

Fig. 8.—Foraminifera.
by a weak acid; b Gromia (afte

even occupy @ low position in this sub-kingdom.
and complicated the shell may be, the body of
the contained animal is composed simply of granular gelatinous sar-
code, highly elastic and contractile, and usually reddish or yellowish
in colour (fig. 8, ). This sarcode not only fills the shell, but also
in many cases gains the exterior by means of little perforations in
its walls, and forms a thin flm over its outer surface. Wherever

L
in point of fact they
However elaborate
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the sarcode is exposed, whether this be only at the mouth of the
shell, as in Mliola (fig 9, b), or whether it be over the whole
surface, as in Discorbina (fig. 9, ¢), it has the power of giving off
pseudopodia. The pseudopodia, however, differ greatly from those
of the Ameba, and they show some remarkable characters. They
are extremely long thread-like processes, instead of being blunt and
finger-shaped (fig. 8, b), and they have the curious property that they
run into one another and interlace towards their extremities, so as
to form a network which has been aptly compared to an “animated
spider’s web.” Lastly, the microscope reveals in the pseudopodia

-

P

Fig. 9.—Morphology of Foraminifera. a Lagena vulgaris, & monothalamous Foray,.
inifer ; b Miliola (after Schultze), showing the pseudopodia protruded from the ora)
aperture of the shell ; ¢ Discorbina (after Schultze), showing the nautiloid shell wity,
foramina in the shell-walls, giving exit to pseudopodia; d Section of Nodosarig
(after Carpenter); ¢ Nodosaria hispida ; f Globigerina bulloides,

4
a very curious circulation of minute solid particles or granules, which '

travel in all directions through the pseudopodial network. Inter-
nally, the sarcode-body of the Foraminifera is of-a very simple
structure ; but a nucleus and contractile vesicle are usually, if not
invariably, present. W ;

Simple as is the sarcode-body of the Foraminifera, it has in all
cases the power of secreting a skeleton or shell, which is technically
called the “ test” (Lat. testa, a shell). The shell is usually “ calcare-
ous "—that is to say, composed of carbonate of lime ; but it is some-
times “ arenaceous,” or composed of particles of sand united togethey

\
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firmly by a horny cement, and it is in some cases simply membran-
ous. In rare cases, the shell may be siliceous. In any case, the
shell may exhibit one or other of two very distinct types of structure.
In the one type (as in Miliola, fig. 9, b), the shell-walls are not per-
forated with holes, and the pseudopodia are therefore all emitted
from the mouth or “oral aperture” of the shell. In the other type
(as in Discorbina, fig. 9, ¢), the shell-walls are perforated with a num-
ber of little apertures or  foramina,” from which the order derives
its name. These foramina are the mouths of tubes which pierce the
walls of the shell, and thus establish a free communication between
the interior and exterior. In this way the sarcode which fills the
inside of the shell is enabled to reach the outer surface, so as to form
a film, from any part of which the pseudopodia may be given off.
The presence or absence of foramina is believed to constitute a true
structural distinction, and the Foraminifera may be thereby divided

_ into two great and natural groups (Perforata and Imperforata).

According to the form of the shell, also, the Foraminifera may be
conveniently, though arbitrarily, divided into two sections. The
simplest form of shell is seen in such an example as Lagena (fig. 9,
@), where the shell consists of but a single chamber ; and the animal,
in fact, is nothing more than a little mass of sarcode, smrrounded by
a calcareous envelope. Lagena, then, may be taken as the type of
what are called the “monothalamous” Foraminifera (Gr. monos,
single ; thalamos, a chamber)—that is to say, of those forms in which
the animal consists of a single segment, and the shell of a single
chamber. All the Foraminifera, without exception, commence life
as “simple ” or “ monothalamous” forms, like Zagena, but it is com-
paratively seldom that they retain this simplicity throughout life.
In the great majority of cases the primitive mass of sarcode under-
goes constriction or segmentation, according to a determinate law,
the segments thus produced remaining in organic connection. In
this way we get ultimately a compound organism, composed of a
number of little masses of sarcode, all permanently united to one

-hother, and all enclosed in a common shell. TIn this way are pro-

duced forms like Nodosarie (fig 9, d, €), which may be regarded as
a good example of these so-called “ compound” or * polythalamous”
Foraminifera (Gr. polus, many ; thalamos, a chamber). The exact
form of shell which is produced by this process will depend upon
the direction in which the segments are given off by the primordial
segment. If the segments are developed in a line, we. get spch
a form as Nodosaria. If they are given off in a spiral direction,
each succeeding segment being a little larger than the one before it,
and thé coils of the spiral all lying in one plane, then we get such a
shell as Discorbina (fig. 9, ¢). This is one of the commonest forms of
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shell amongst the Foramgnifera, and it is often called the “nauti-
loid ” shell, from the close resemblance which it bears in shape to the
well-known shell of the Pearly Nautilus. It was, in fact, this ex-
ternal similarity which induced the older naturalists to place theyg
Foraminifera. amongst the Mollusca in the neighbourhood of the\y/
Cuttle-fishes. There are numerous other types of shell, all of which 7
can be referred to the mamnmer in which the primordial segment
becomes constricted or segmented ; but the two forms above men-
tioned may be taken as sufficient examples. It may be mentioned,
however, that theré are forms in which the new segments are added
in a very irregular manner, and the resulting shell has no very defi-

nite shape. ‘

The great majority of the Foraminifere are inhabitants of the
sea, and they are mostly very minute. A few living forms may

Fig. 11.—8ection of Gravesend Chalk, ex-
amined by transmitted light and highly
magnified. Besides the entire shells of
Globigerina, Rotalia, and Textularia,
numerous detached chambers of Globi-
gerine are seen. |

Fig. 10.—Organisms in the Atlantic
Qoze, chiefly Foraminifera (Globiger-
ina and Textularia), with Polycystina
and sponge-spicules; highly magni-
fied.

reach a quarter of an inch, half an inch, or even more than an incl 4\ |

in diameter. The commoner forms may usually be found by ex- ., |

amining with a lens the sand of the sea-shore in places where there

is a large intermixture of broken shells and fragments of gther

marine animals. Many forms live in the open ocean floating near

the surface of the water. Others live on the bottom of the sea up

to the greatest depths which have yet been examined by the dredge,

At great depths in the sea—depths, it may be, of over two or three |

thousand fathoms—the bottom is often found to be covered with ‘.
l

‘a whitish chalky mud, which is seen under the microscope to be
almost entirely made up of the shells of various Foraminifera, and
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especially of the shells of Globigerina ffig. 10). The name of
“Globigerina mud ” is often given to this deep-sea ooze, and it is
remarkable as having a close resemblance to the well-known White
Chalk. Thus, if we examine chalk under the microscope, we find
that it is also composed to a large extent of the shells of Foram-
inifera, and especially of the shells of Globigerina (fig. 11). We
may therefore regard the “ Globigerina ooze” of the deep Atlantic
and Pacific as a modern representative of the great geological
formation known as the White Chalk—a formation which may be
many hundreds of feet in thickness, but is nevertheless principally -
made up of the accumulated shells of these minute organisms.
Many of the massive limestones of the earth’s crust are, in like
manner, largely made up of the shells of Foraminifera. A striking
example of this is found in the so-called “ Nummulitic Limestone,”
which owes its name to the fact that it is largely made up of the
coin-shaped shells of a large Foraminifer, termed the Nummulite.
Nummulites (fig. 12) vary in size from the size of a split pea up to
an inch in diameter, and they are now almost wholly extinct.

Fig. 12, —Nummulites levigatus.

The Nummulitic limestone stretches from France on the west to the frontiers
of China on the east, and is almost everywhere readily recognisable as a dis-
tinet formation. It attains in places a thickness of several thousand feet, and
is especially largely developed in the Alps. It has an historic interest from
the fact that the Pyramids are built of it, and that the Nummulites in it were
noticed by Herodotus, ‘¢ the father of history.” -

g Orper IV. RADIOLARIA,

The third order of the Rhizopoda is that of the Radiolaria, essen-
tially distinguished by the fact that the sarcode-body has g.eneral}y
the power of secreting a “siliceous” or flinty skeleton, exl':her in
the form of a shell, or of detached spicules or needles; whilst the
bseudopodia are long and thread-like, and stand out from the body
like rays, In this last character the Radiolaria approach very

C
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closely to the Foraminifefu ; and the resemblance between the two
groups is still further increased by the fact that the pseudopodia
often run into one another so as to form a network, and sometimes
show a circulation of granules along their edges. There is generally
a central capsule swrrounded by a layer of sarcode exteriorly, and
the latter usually contains coloured cells. A contractile vesicle is
usually wanting. Four principal groups of organisms have been
described as belonging to the Radiolaria, and we may briefly notice
an example of each of these.

In the first family we have organisms like Acanthometra (fig.
13, @), in which the body is composed of sarcode, supported by a
framework of siliceous or flinty rods, which all meet in a common
centre. The spines or rods are all perforated by canals, and each con-
veys a pseudopodium, which is protruded from an aperture at its

e Fig. 13.—a Acanthometra lanceolate ; b Holiomma hexacantloum,
one of the Polycystina (after Miiller).

apex. Many pseudopodia, however, are given off from the surface
of the body directly, and are not enclosed in the spines. The dcan- .
thometree ave all minute, and are found floating near the surface
the open ocean, sometimes in great numbers.

In the second family (Polycystina, fig. 13, b) we have a number of
beautiful little organisms allied to the Foraminifera, but differing in
the fact that the body is enclosed in a glassy shell composed of “flint.
The shell is perforated by numerous holes through which the pseudo-
podia are emitted, and it is usually of extreme beauty, being sculp-
tured in various ways, and often adorned with spines. The sarcode
of the body is usually olive brown in colour, and often does not
quite fill the shell. ' 2 .

The pseudopodia are filamentous, and exhibit a slow circulation of
granules along their borders, but they do not run into one another.

in
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All the Polycystina ave microscopic, and they ave all inhabitants of
the sea. They are best known to students of the microscope as
the “Fossil Infusoria of Barba-
does” (fig. 14), as they occur in
incaleulable numbers in a sand-
stone in that island.

They are, however, in no way
related to the “Infusoria” pro-
perly so called, having much
stronger affinities with the Zor-
aminifera. 'We know, also, now,
that deposits of the flinty shells
of these beautiful microscopic
organisms are in process of for-
mation in our oceans at great
depths. . ; i ~ :

T the third family (Colloz0a) " Barbadoes Earih reatly magnined.
are included a number of singu- (Original.)
lar gelatinous organisms which
may be as large as an ordinary marble, but are often hardly visible
to the unassisted eye. They are found floating passively at the sur-
face of most seas; and they may either have no skeleton, or may
secrete a flinty framework, which may give rise to a fenestrated

Fig. 15.—a Siliceous shell of Collosphaera ; b Spheerozowm, showing the radiatin
psendopodia and groups of siliceous spicula (after Miiller). :

shell, as in Collosphara (fig. 15, a), or may remain in the forgn of
scattered spicules, as in Spherozoum (ig. 15, ). In Thalassicolla

the skeleton is wanting. i

A fourth family has been constituted under the name ?f Heliozoa,
for a number of singular and beautiful microscopic organisins, which
mostly occur in fresh water, and which cannot be regarded as typical

Radiolarians, though more closely allied to this group of the Pro-

o
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tozoa, than to any other. *In these forms (fig. 16) the body is pro-
vided with long filamentous pseudopodia, which stand out like rays,
and which may anastomose with one another. The body may be
quite soft, as in the common “Sun-animaleule” (Actinoplrys), but

Fig. 16.—Heterophrys spinifera, one of the Heliozon, greatly enlarged
(after Hertwig and Lesser). ¢ ¢ Contractile vesicles.

there may be, and often arve, delicate spines of flint radiating from
the central sarcodic mass, and there is sometimes a regular siliceons
skeleton. The Heliozon ave further furnished with the stluctm(g
which are known as the “contractile vesicle” and mlduns 2

-~
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CHAPTER IIIL
INFUSORTA.

Tue Infusorian Animalcules are minute Profozoa of almost universal
distribution, abounding in almost all collections of fresh or salt
water in which organic matter may be present. They commonly
have the power of becoming “encysted,” and of remaining dormant,
when deprived of water or of other conditions necessary to their
active existence, the external layer of the body forming a kind of
case within which the soft central protoplasm is enclosed. Their
desiceated bodies, or their similarly desiccated germs, may thus be
carried through the atmosphere from place to place, and may at any
moment pass into a condition of active life, if they should meet with
favourable conditions. Hence, whenever water containing organic
matter in solution is freely exposed to the air, it will almost cer-
tainly be found to be charged with a larger or smaller number of
these minute organisms. It is for this reason that the name of
Infusoria was orviginally applied to this group of the Protozoa ; it
having been observed that “ organic infusions ”—.e., water in which
an animal or vegetable substance had been boiled—very commonly
came to contain Infusorian Animalcules after exposure to the air
for a limited period.

Morphologically, the Infusorian Animalcules are unicellular ani-
mals, consisting of a primitive mass of soft protoplasm, provided

‘with an outer membranous wall, and furnished with one or more

nuclei. Very usually the outer wall of the body is pierced by a
definite oral opening; and they are sometimes for this reason collec-
tively spoken of as the “stomatode,” or mouth-bearing, Protozoa.
There are, however, certain groups of the Znfusoria in which there
cannot be said to be any proper mouth.

There are two principal groups of the Znfusoria, known as the
Ciliated Infusorians and the Flagellated Infusorians ; the fom.xer
(fig. 17, A, B, C) having the external surface covered with vibrating
cilia, in part or wholly ; whilst the latter (fig. 17, D and E) have one or
more long lash-like filaments or “flagella,” and are usually destitute
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of cilia. There is a thiyl smaller group—the Suectoria—in which
the body is furnished with contractile tentacle-like filaments, which
end in little discs, and are used as sucking-tubes. It will not be
necessary to do more than mention the Suctorial Infusoria here ;
but the two groups of the Ciliuta and Flagellata require more

detailed attention.

Fig. 17.—Ciliated and Flagellate Infusoria. A, Bursarie truncatelle, enlar 5
times. B, Nyctotherus cordiformis, enlarged 150 times., C, Amp;sil:;::,sg:;s:ro
enlarged 120 times. D, Ceratium tripos, enlarged 250 times, with its carapace nu(i
gingle flagellum. B, Monosige angustata, enlarged 2500 times: n Nucleus;

Contractile vesicle; f Flagellum ; m Membranous collar surrounding the bnso. oc

the flagellum. (After, or copied from, Saville Kent.)

The Ciliated Tnfusoria may be defined as Protozoa which are pro-
vided with a mouth, and usually a short gullet and a distinct guus.
Their bodies consist of soft semi-fluid protoplasm. (“ endoplasm™) en-
closed by @ more or less complex external layer (* exoplasm”) ; and
the external surface is partly or wholly covered with vibrating cilia,
They are mostly simple free-swimming organisms ; but they some.
times form colonies by budding, and are fixed to some solid object
in their adult condition. As types of these two sections of the 7.
fusoria, we may take respectively Paramecium and Vorticella,

. ™ e
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Paramacium (fig. 18) is a beautiful slipper-shaped little creature,
which may be found commonly in stagnant waters or in artificially
prepared infusions. The body is nearly quite transparent, and con-
~  Sists of three layers—1, a structureless,
Y transparent, external film or pellicle,
called the “cuticle”; 2, a central mass
of soft semi-fluid sarcode which receives
the particles of food ; and 3, an intermedi-
ate layer of firm and consistent sarcode,
which is called the “cortical layer”
(Lat. cortex, bark). The external mem-
brane or cuticle is richly covered with
minute vibrating hairs or cilia, which
in this particular type are of approxi-
mately equal length, and are arranged
in close-set longitudinal rows. In many
of the Infusoria, however, the cilia in
the neighbourhood of the mouth are
much longer than those covering the
general surface. The cuticle is also per-
forated by the aperture of the mouth,
which is continued into a short funnel-
shaped gullet (fig. 18,7 g). The gullet,
however, is not continued into any dis-
tinet stomach, but opens direetly into
the soft semi-fluid sarcode (endoplasm)
which constitutes the central mass of
the body. The particles of food on
Passing through the gullet are directly
received into the central mass of dif-
fluent sarcode, where they undergo a
kind of slow circulation or rotation.
As in the case of the Amaba, each par-
Aticle of food generally carries with it
a little water, so that the appearance is
produced of a number of little clear

Fig. @8.—Paramacium, viewed dorsally, and greatly mwagnified. m Mouth; m to g
Gullet ; @ Anus; ¢v’ and ¢y The contractile vesicles; I, 11, 111, Canals proceeding
from the anterior contractile vesicle ; # Nucleus; v Large cilia bounding the d.c.
pression (““ vestibule ") leading to the mouth. The arrows indicate the course in
which the particles of food circulate in the semi-fluid protoplasm of the interior of
the body. (After James-Clark.)

spaces in the central sarcode. These are now called vacuoles, or
food-vacuoles ; but they were originally described by Ehrenberg, the
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*
famous Prussian microscopist, as so many distinct stomachs, in conse-
quence of which he named the /nfusoria the Polygastrica (Gr. polus,
many ; and gaster, stomach). The vibrating cilia which clothe the
surface of Paramecium serve partly to drive the animal rapidly

through the water, and partly to set up currents by means of which

food is conveyed to the mouth. All the nutrient particles obtained
in this way undergo the circulation in the central sarcode above
spoken of, where they are partially or completely digested. The
indigestible portions of the food are got rid of by a second aperture
(anus) placed near the mouth (fig. 18, @). The only other organs pos-
sessed by Parameciwm are the so-called nuclens and nucleolus, and
the contractile vesicle (or vesicles), all of which appear to be situated
in the cortical layer of the body. The nucleus is a little solid body,
composed of an external membrane, with granular contents, and
having the nucleolus (or paranucleus) firmly attached to its exterior

Fig. 19.—Ciliated Infusoria. A, Paramecivm, showing the nucleus (n) and two
contractile vesicles (v). B, Paramacium bursaria (after Stein), dividing trang.
versely : i Nucleus; o' Nucleolus; v Contractile vesicle. C, Paramacium auy elic
(after Ehrenberg), undergoing “conjugation,” two individuals being partially
united by their ventral faces.

in the form of a little spherical particle. The nucleus and nucleolﬁ; :

used to be regarded as corresponding with the reproductive gk
of the higher animals ; but this view is now known to be without
foundation. The contractile vesicle has essentially the same struc.
ture as in the Admeba. It is a little wall-less space in the proto.
plasm, which is filled with a transparent fluid, and contracts ang
dilates at intervals. Sometimes it assumes a stellate f<_mu (fig. 19,
A), or irregular radiating canals can be traced proceeding from it ;
while a communication with the exterior has been stated to exis iy
some cases. Not uncommonly two vesicles are present. It is not

4
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°
improbable that the contractile vesicles ghould be looked upon as
corresponding with the water-vessels of the lower groups of Worms,
and as having the function of excretory, rather than of circulatory
+ organms,

Y Reproduction in Parameciwin may be effected simply by trans-
verse cleavage or fission of the body into two portions (fig. 19, B).
In other cases “conjugation” of two Paramacia takes place. In
this process two individunals come together, and adhere closely to one
another by their ventral surfaces, in such a way that they present
the appearance of a single individual undergoing longitudinal fission
(fig. 19, ¢). Partial fusion of the conjugating individuals takes place,
and the nucleus and nucleolus pass through certain curious changes.
Ultimately, the conjugating individuals separate again, and each
probably then undergoes repeated fission, and thus gives rise to fresh

Paramacia.
' As a common and beautiful example of the Stalked /nfusoria, we
" may take the so-called Bell-animalcule ( Vorticella, fig. 20, C), which

e W T
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¢, Group of Vorticella.

Fig. 20.—A, Stentor Miilleri. B, Vaginicole crystallina. 79
D, Detached bud of Vorticella, showing the posterior circlet of cilia.

may°be found in any stagnant pool attached to the stems of m}uatlc
plants. The body in Vorticella: forms a kind of cup or “ calyx " sup-
ported upon a long stalk, which is in turn fixed to some solid object.
The stem contains a contractile fibre in its interior, and the animal
can by this means push itself out or coil itself up with the utmost
rapidity. The vibrating filaments or cilia are not scattered over the
whole surface of the bell-shaped body, but are collected to form a
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kind of fringe or circle roynd the mouth of the calyx. Nearly in the
centre of this ring, or on one side, is placed the aperture of the
mouth, which leads by a short gullet straight into the central soft
sarcode of the interior of the body. A nucleusand contractile vesicle
are also present, so that in the essential points of its anatomy Vorsi-
celler does not differ from a free-swimming Infusorian such as Para-
meetum. Indeed, a transition between the two forms is found in
the so-called Trumpet-animaleule or Stentor (fig. 20, A), which can
detach itself and swim about at will, at the same time that it is
ordinarily fixed by its thinner extremity to some solid object. In
Vaginicole (fig. 20, B), again, we have an animalecule closely related
to Stentor, but having the body protected by a horny or membranous
sheath.

The group of the Flagellated Infusorie is distinguished from that
of the Ciliata, by the fact that the body is furnished with one or more
long lash-like filaments or Aagella, usually without any cilia. A
nucleus and contractile vesicle are preseni. 'The flagella of these ™

singular Infusorians are the main locomotive organs, serving by Y

their lash-like movements to drive the animal through the water,
as also to set up currents by means of which food is brought to the
organism. In many instances, the latter is their principal func-
tion, as the animal is fixed by a stalk in its adult condition. A
few forms have a mouth (e.g., Buglena); but most have no distinet
oral aperture, the inception of food being limited to a definite dis-
coidal area surrounding the base of the flagellum. This area is en-
closed by a delicate membrane, which is prolonged upwards round
the lower part of the flagellum as a kind of eup or “collar” (fig. 17,
E). The movements of the flagellum produce a kind of miniature
whirlpool inside the collar, and the animal is thus supplied with food.
These “collar-bearing” Infusorians possess, as will be subsequently
seen, a striking resemblance to certain of the cells which form the
body of a sponge. A number of the Flagellated Infusorians possess

a limited number of cilia, in addition to the flagellum. This is the V'

case, for example, in the curious forms known as Peridinium n.ng%&ak

Ceratiwmn (fig. 17, D), in which the body is enclosed in a kind of* = -

horny shell with long projecting processes.

In their internal structure, the Flagellated Infusorians do not
differ essentially from the Ciliated forms. They occur both in
fresh and in salt water, and often form colonies. They are mostly
of very minute gize: and it is difficult to separate certain forms from
certain groups of plants (Algee).
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CHAPTER IV.
PORIFERA (SPONGES).

OriciyaLLy regarded as being of a vegetable nature, the Sponges
are now universally admitted to be animals; and are by many
naturalists associated with the Sea-anemones and Corals (Celenter-
ata). They have, however, many remarkable points of relationship

‘( to the typical Protozoa, and particularly to the Flagellated Zafusoria.
Upon the whole, therefore, it may be as well to treat them here as
a special group, intermediate between the Protozoa and Celenterata,
under the name of Porifera.

The Sponges may be defined as multicellular protoplasinic masses,
supported in most cases by a framework of horny fibres or of cal-
careous or flinty needles, and traversed by canals whick open on the
surface, and are dilated at intervals into chambers lined by flagellate
cells.

In the first place, then, a Sponge differs from the typical Protozoa, .
and agrees with all the higher animals (Metazoa), in the fact that
the - body is multicellular, being composed of a vast number of
separate protoplasmic units, which may be termed “sponge-par-
ticles” or “sarcoids,” and each of which may be regarded as being
a single cell. In the second place, this protoplasmic aggregate is
almost always, though not invariably, strengthened and endowed

).}vith a definite form, by the presence in it of a “skeleton,” consist-
iiig of horny fibres, or of “spicules” of lime or silica. In the third
place, the entire organism is traversed by a complicated “canal-
system,” which opens on the surface by two sets of apertures
(“poges” and “oscula”), and the branches of which are dilated at
intervals into “eciliated chambers.” There is no distinct mouth,
no digestive system, no circulatory or definite nervous organs, and

but we must consider in greater detail the char-

no body-cavity ; " the “skeleton,” and the

acters and structure of the sponge-flesh,
“canal-system.”

If we take the ordinary horny sponges of ¢
call the “sponge” is, of course, nothing but

ommerce, what we
the skeleton of the
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sponge-colony, comprised, of innumerable horny fibres interlaced
into a continuous network, in such a way as to leave innumerable
holes and canals between its bundles. In the living condition,the

~n

Fig. 2l.—Structure of Spongida. A, Vertical section of the outer layer of Hali-
sarca lobularis, a Sponge in which the skeleton is wanting, enlarged 75 times
(after F. E. Schultze): p p “Pores,” or openings of inhalant canals by which water
is conducted to the ciliated chambers (@ @) ; ¢ Commencement of a larger exhal. )
ant canal, condueting from the ciliated chambers to the deeper canals, by which
the water is finally carried off to be expelled from the “oscula”; g g Young stﬁéeé"w
of the reproductive bodies or spores. B, Part of & single ciliated chamber of the
same sponge, transversely divided, and enlarged 800 diameters (after Saville Kent),
showing the flagellate cells or *sponge-particles,” With their inwardly directed
flagella. C, A single flagellate cell of the same, still further enlarged: s Flagellum ;

m Collar round the base of the flagellum ; » Nucleus; ¢ Contractile vesicle.

whole of this skeleton is covered externally and internally with
a soft protoplasmic material, which has been often termed the
“sponge - flesh,” as it represents the soft parts of the sponge.
Examined microscopically, the “sponge-flesh” is found to be com-
posed of an enormous number of minute protoplasmic bodies or
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¢
cells—the “sponge-particles” or “sarcoidsg—which differ in their
characters in different parts of the sponge. Some of the sponge-
particles are very like Ameabe, since they consist of little masses
of granular protoplasm, furnished with a nucleus, and capable of
throwing out pseudopodia (fig. 22, C), by means of which they feed.
In the outer layer of the sponge, these sponge-particles may be
arranged so as to form a kind of membrane; and at other times
they become more or less coalescent, giving rise to a common gelat-
inous matrix, and losing their separate distinctness.” Other sponge-
particles, again, instead of being like Amebe, are closely similar
to those Flagellate Znfusoria which possess a collar round the
flagellum. These flagellate sponge-particles (fig. 21, C, and fig. 22, B)
possess a nucleus and one or more contractile vesicles, and they are
arranged within the so-called “ciliated c¢hambers™ (fig. 21, « «) of
the canal-system.
The entire aggregate of sponge-particles is so arranged as to be
traversed by a series of canals, which convey water in and ount of
the organism, and are connected with respiration and the procuring

Fig. 22.—A, Portion of Grantia, highly magnified, showing the spicules and the
sponge-particles. B, A single sponge-particle of Grantia compressa, greatly enlarged,
showing the membranous collar (@), the flagellum (), the contractile vesicles
(¢ ¢), and the nucleus (n). C, A sponge-particle of Grantia compressa, with the
pseudopodia protruded and without the flagellum, greatly enlarged. (B and C are
after Carter.)

of food. Looking at the skeleton of the dried sponge, the most
obvious sign of the existence of this “aquiferous system ” that we
see is the presence of one or more large openings (fig. 23, A), to-
gether with a vast number of much smaller apertures. These latter
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“

are termed the “pores”¢ and though permanently present in the
skeleton, they are only temporarily present in the sponge - flesh,
being produced afresh, when required, as openings between the"
sponge-particles which form the outer layer of the sponge. The' "
“pores” are the external openings of a series of canals which y
ramify in every direction through the sponge, and which are usually
called “inhalant canals,” as it is through these that the outer water

is conveyed into the interior of the sponge. The “inhalant canals”
ultimately open into a second series of canals, which converge to
form one or more large tubes which open on the surface by a corre-
sponding number of large apertures. These large tubes carry the
water out of the organism again, and they are hence called “ex-
halant canals ” (fig. 21), while their surface-openings are the “(oscula.”

: e

Fig. 28. — A, Axinella polypoides, a fibrous sponge showing oscula and pores. B,

Sycandra ciliata, a calearcous sponge, enlarged, showing the single terminal oscu-
lum. (After Schmidt.)

The “oscula” are permanent (fig. 23, A), and are often placed on
chimney-like elevations. If there is only one osculum, it is placed
at the apex of the sponge (fig. 23, B). What we usually call a
sponge may consist of only a single excretory opening or “osculum,”

_—
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together with the pores belonging to this (fig. 23, B); or it may
consist of a larger or smaller fiumber of such “oscula,” each with its
proper complement of “pores” (fig. 23,/ A). In the latter case,
there is produced what is commonly called a ‘“sponge-stock.”

In a living sponge, in its active condition, a circulation of water is
kept up throughout the organism by means of this canal-system. The
water is admitted by means of the “pores™ (fig. 21, A, p p), is driven
into the interior of the sponge, and is finally expelled in steady
streams from the osculum or oscula. The mechanism by which this
circulation of water is effected was long unknown. It is now Jimown,
however, that the circulation of water is'maintained by the vibra-
tions of the flagella, with which we have seen certain of the sponge-
particles to be provided. - In some cases, the entire system of water-
canals seems to be lined with these flagellate sponge - particles.
More commonly, the “inhalant canals™ ave dilated at intervals into
globular chambers (fig. 21, A, @ @), which are lined with flagellate
sponge-cells. These sponge-particles are so arranged that all their
flagella point inwards into the centre of the chamber (fig. 21, B), and
in their structure they precisely resemble Flagellate Znfusoria. The
flagella within these so-called “ciliated chambers” all work towards
the interior of the sponge, and thus supply the motive power needed
for the keeping up of the water-currents. By means of these water-
currents the organism obtains oxygen, and gets rid of waste matter;

Fig. 24.—A, Fragment of the skeleton of & horny sponge (after Bowerbank), showing
interlacing horny fibres with spicula, B, Different forms of the spicules of
sponges, much magnified.

while the individual sponge-particles appropriate the mifmtt.a par-
ticles of nutrient matter which may be carried in suspension in the
water.
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Such, then, are the gengral phex'xomeua exhibited by any sponge,
and the principal point which still remains for consideration is the
nature of the hard structures which form the “skeleton” of the
Sponges. Some sponges (such as Halisarce) have no skeleton ; and
when a skeleton is present, it varies much in its constitution. Tn
the sponges of commerce (Zuspongia) the skeleton consists solely of
hollow horny fibres, which are interlaced with one another so as to
form a close reticulation. In maixy other common sponges, a horny
skeleton is also present, but it is associated with, and sometimes
largely replaced by, microscopic needles or “spicules” of fling,
These spicules (fig. 24, B) are of very various shapes in different
sponges, and they may be either scattered through the sponge-flesh,
or contained in the interior of the horny skeleton-fibre, which they
often extensively replace. In the so-called ““Siliceous” Sponges, or
“ Glass Sponges,” no horny fibre is developed, but the whole skele-
ton is composed of spicules of flint, which are often soldered to.

wether so as to form a continuous framework, which looks like “"\

a lattice of spun glass. The beautiful Venus's Flower - basket
(Luplectella) and the Bird’s-nest Sponges (/oltenia) are examples
of such sponges. Lastly, in thé so-called
“ Caleareous Sponges,” such as Grantia (fig,
22, A), the skeleton is composed of aggre-
gated, but disunited, spicules of lime, in-
stead of flint. These spicules mostly have
a characteristic three-rayed form.

As regards the reproductive process in the
Sponges, it will be sufficient to state very briefly
the leading phenomena which have been observeq
in the Fresh-water Sponge (Spongille fluviatilis),
If a specimen of Spongilla be obsen'f:d tox\"nrds
the approach of winter, its deeper portions will e
sound to be filled with numerous small roundeq

bodies like seeds, which have been called gy,
Fig. 25.—a Gemmule of Spon-  mules,” Each gemmule (fig. 25, @ ) exlxibits_:,_:‘uﬁg

gilla; h Hilum; b Dia- ope point a small aperture or “hilum" ; ang jg—

:'le*z’l’rlr:lx:‘x::tic lm:ctkmuof t,h: found to be composed of a leatlhcry melmbrnne,
2 ¢ showing the out- o0 qed by a layer of sarcode, in which are
’t.]rle]ni’;::'!!:rn‘::sl;’l;i;u::lslsn?t emibedded o nnml?el: of "spicula. 'I"hese spicula
One of the amphidises seen  2re called *‘amphidiscs, 'and consish cET Olda
in profile, central rod or axle carrying a toothed whee] o
disc at each end (fig. 25, ¢). In the interior of

the capsule thus formed is a mass of cells, of which the central ones contajy
numerous reproductive germs. When the spring comes, these masses are (js.
charged into the water throngh the aperture or hilum of the gemmule, anq
become developed into fresh Spongillee. The above is a non-sexual methoq of
reproduction ; but it is believed that most of the marine Sponges exhibit sexual
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I

'

|




PORIFERA (SPONGES). ‘ 49

reproduction also, and are capable of producing at certain seasons. eggs or ova,
and sperm-cells. The impregnated ova deveRp themselves into embryos,
which are provided with numerous cilia by means of which they swim about
freely. Finally, upon finding a suitable locality, they fix themselves to some
solid object, lose their cilia, and grow up into the fixed adult. Indeed, asa
general if not universal rule, the embryos of the sponges are provided with
cilia, and are thus capable of active locomotion. In this way is secured the
extension over a wide area of these otherwise fixed and plant-like organisms.

As to the distribution of the Sponges in space, the common
Spongille and certain allied types are known as “ fresh - water
sponges,” as they occur in lakes and rivers; but most sponges are
inhabitants of the sea. The common Horny Sponges are mostly
found attached to stones or other foreign objects between tide-
marks, or in comparatively shallow water. Certain singular types
(Cliona) burrow into shells, in which they form winding and
branched tunnels, but the mechanism by which this is effected is
not clearly known. The Glass Sponges are all marine, and are
mostly found at comparatively great depths in the sea, being often
anchored to the mud or sand at the bottom by longer or shorter
root-fibreg of flint. Lastly, the Calcareous Sponges are all marine,
and are mostly confined to shallow water, or live between tide-
marks, They are all small in point of size, and delicate in texture.
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SUB-KINGDOM, II. CELENTERATA.

CHAPTER V.

1. Cuaracrers oF THE SuB-KiNgpoy. 2. DIVISIONS.
3. GENERAL CHARACTERS OF THE HYDROZOA.
4. ExpraxarioNn oF TeEcHNIcAL TERMS.

Tne second great primary division or sub-kingdom of animals is \J
that of the Cwlenterata or “hollow-entrailed” animals (Gr. /foilos,
hollow ; enteron, intestine). This sub-kingdom embraces the Sea-
anemones, Corals, Sea-jellies, Sea-firs, Sea-pens, and other allied
animals, all of which are characterised, amongst other things, by
having their bodies built up of parts which are arranged in a more
or less star-like or “radiate” manner. Hence these creatures were
long known as “Radiate Animals.” So many other animals of
different kinds were, however, included in the old sub-kingdom
Radiata, that naturalists have generally abandoned this term. Most
of the Ccelenterate animals would come under the popular term of
“Zoophytes” or plant-animals (Gr. zoén, animal; phuton, plant),
from the external resemblance which many of them bear to plants.

The Celenterata may be defined as radially symmetrical animals,
in which the mouth opens into a simple or variously divided space,
which represents the alimentary cavity of the higher animals. This
internal space may or may not be divided into two portions—oy, |
specially connected with digestion, and the other corresponding with ..
the body-cavity of the higher animals. The body-wall is composed
of two fundamental layers (the “ ectoderm” and “ endoderm”). The
nervous system is represented by diffused ganglion-cells, or sometimes
by a simple nerve-ring ; but there are no circulatory organs. Distinct
reproductive organs are present at some period or another of life; but
non-sexual reproduction s very general.

The leading feature which distinguishes the Celenterata, and the
one from which the name of the sub-kingdom is derived, is the
peculiar arrangement of the digestive system. In the Pratozoa, as
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we have seen, a mouth is only present i1f some groups, and in no
case is there any definite internal cavity bounded by the walls of
the body, to which the name of “ body-cavity ” or “somatic cavity ”
could be properly applied. In most of the higher animals, on the
other hand, not only is a permanent mouth present, but the walls of
the body enclose a distinct and permanent chamber or body-cavity.
Further, in most cases the mouth opens into an alimentary or diges-

Fig. 26.—Diagrammatic vertical section of a Sea-anemone. @ Mouth; s Stomach :
b Body-cavity ; ¢ ¢ Convoluted cords (‘“ craspeda’) containing thread-cells, and
forming the free edges of the mesentery (m); ¢t Tentacles; o Reproductive organ
contained within the mesentery. The ectoderm (¢) is indicated by the broad ex-
ternal line ; the endoderm (&) by the thin line and the space between that and the
ectoderm.

tive tube, which is always distinct from the body-cavity, and never
opens into it, usually passing through it to open on the surface by
another distinct aperture (the anus). In most cases, therefore, the
alimentary canal is a tube which communicates with the outer world

Y two apertures—a mouth and an anus—but which simply passes
through the body-cavity without in any way communicating with
it. In the Calenterata the condition of parts is intermediate in its
arrangement. There is a distinct and permanent mouth, and there
is a distinct and permanent cavity enclosed within the body-walls,
but the mouth opens into, and thus communicates freely with, the
latter. In some cases the mouth opens straight into the general
body-cavity, which then serves as a digestive cavity as well (fig. 28).
In other cases there intervenes between the mouth and the body-
cavity a short alimentary tube, which communicates externally with
the outer world through the mouth, and opens below by a wide
aperture into the general cavity of the body (fig. 26). In no case is
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there a distinct intestinal tube which runs through the body-cavity
and opens on the surface by a mouth at one end and an excretory
aperture or anus at the other. It may be added in this connection
that, though it is convenient to apply the term of *body-cavity” to
the general space included within the body-walls of a Caelenterate
animal, the space does not correspond in its mode of development
with what is known as the body-cavity of the higher animals,
Another leading character of the Cwlenterata is the composition
of the body out of two fundamental membranes (fig. 26), which are
usually of a very simple structure in the embryo, but which in the
adult become more or less complicated by the development of mus-
cular fibres and other tissues. The outer of these layers or mem-
branes is known as the “ectoderm,” and it forms the whole of the

A

Fig. a7, —Thread-cells of Culenterate animals, greatly magnified. A and B, Thread-
cell of o coral (Caryophyllia), with the thread everted. Cand D, Thread-cell of g

Sea-anemone (Corallimorphus), in its quiescent and active condition. B, Threaq. |
#

\,%_

cell of Hydra, with the thread everted.

outer surface of the body, terminating at the margins of the mouth.
The inner layer is known as the “ endoderm,” and it lines the whole
of the interior of the body, being prolonged info the tubular ten-
tacles round the mouth. Both of these. membrm}ea, but.espef:ia-lly
the endoderm, are usually more or les:g richly flzl_rmshed with vibrat-
ing cilia. The muscular and other tissues _wluch are d'evelolled be-
iken the ectoderm and endoderm, .constltutre Wll&t‘ is called the
« mesoderm.” The peculiar microscopic organs called “ thread-cells,”
« nettle-cells,” or “cnide,” which commumf:ate to many of .th& Ceelen-
terata (such as-the sea<j ellies) their peculiar power of stinging, ave
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structures found in the integument of almost all the members of
this sub-kingdom, and sometimes in internal parts as well. They
are very beautiful objects of microscopical examination, and differ
very considerably in the details of their structure. Each thread-cell
(fig. 27) is essentially a double-walled sac or capsule filled with fluid,
and containing internally a longer or shorter spirally-coiled thread
or filament. The thread is pointed at its free extremity, and often
barbed at its base or serrated along the edges. When the external
capsule is touched it ruptures; and the coiled-up
thread is thrown out, like a lasso, to a distance
often equal to many times the length of the en-
closing capsule. The pointed end of the thread
pierces the object which it strikes—supposing the
latter to be of a sufficiently soft nature—and ap-
parently envenoms the puncture thus produced
with the fluid contained in the sac, this seeming to

In accordance with the above-mentioned differ-
ences in the arrangement of the digestive system,
the Calenterata are divided into two great classes, T e T
termed respectively the Hydrozoa and the Actin- f,;at'ic' secﬁﬁl: of
ozoa. In the Hydrozoa, there is no body-cavity  Hydra; the dark
distinct from the digestive cavity—or, in other :li::“istht;‘:“:ﬁ?c'
words, the body-cavity #s the digestive cavity, the ;14 "clear space
mouth opening directly into the body-cavity (fig.  adjacent indicate
28). In the Actinozoa, on the other hand, there is  the endoderm.

a distinct digestive cavity, but this opens directly
into the general body-cavity, so that the two form distinct but freely
communicating divisions of the same chamber.

Crass 1. HYDROZOA.

The Hydrozoa ave defined as Celenterata in which there is no digestive

"\cac separate from the general cavity of the body. The reproductive organs

are external, in the form of outward processes of the body-wall (fig. 30)-
The Hydrozoa are all aquatic in their habits, and, with few ex-
ceptions, all are inhabitants of salt water. The class includes both
simple and composite organisms, of which the most familiar are the
Sea-firs and their allies (Hydroid Zoophytes), the Fresh-water Polype
or Hydra, the Sea-jellies (Meduse), and the Portuguese Man-of-war
(Physalia). Owing to the extremely complicated nature of. many of
the Hydrozoa, it appears advisable to preface their description by
an explanation of some of the more important terms which are
employed in connection with various members of the class.
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GENERAL TERMINOLOGY OF THE HYDROZOA.

Individual.—In order to understand fully the meaning which is
attached to the term “individual ” in zoological language, it is neces-
sary to glance briefly at the general features of reproduction as dis-
played in different sections of the animal kingdom. Reproduction
is the process by means of which new individuals are produced and
the perpetuation of the species ensured. This end may be attained
in various ways, but these all come under the two heads of “sexual”
and “non-sexual” reproduction. In sezual reproduction, by which
alone can fresh beings be produced amongst the higher animals, the
essential element of the process consists in the formation of two dis-
tinet structures, a germ-cell or ovum, and a sperm-cell or spermato-
zoid. By the union of these distinct reproductive elements, fresh
beings can be produced. As a general rule, the germ-cell is pro-

3 v
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duced by one individual (female), and the sperm-cell by another V/

(male) ; but amongst the lower animals it is not uncommon for the
same individual to produce both of these elements, in which case
the individual is said to be “hermaphrodite.” Amongst the lower
animals, however, fresh beings may be produced without the contact
of a sperm-cell and an ovum—that is to say, without any genuine
act of reproduction. The processes by which this can be effected in
different animals vary considerably, but they are all spoken of as
forms of “non-sexual” reproduction. The only varieties, however,
of the process which require consideration, are those in which fresh
beings are produced by what is called gemmation ” or “fission.”
Gemmation (Lat. gemma, a bud) consists in the production of g
bud or buds, usually from the outside, but sometimes from the in-
side of an animal ; which buds become developed into more or less
completely independent beings. The fresh beings thus produced by
budding are all known as zodids, and are not spoken of as distinet
animals, for reasons which will be immediately evident. When the
zobids produced by budding remain permanently attached to o
another and to the parent organism which produced them, the case
is said to be one of “continuous” gemmation, and the ultimate
result of this is to produce a colony or composite structure, composed
of a number of similar and partially independent beings, all pro-
duced by budding, but all remaining in organic connection. Thig
is seen very well in a great number of the Hg/drozqa (fig. 29). When,
on the other hand, the zovids produced by budding become finally
.detached from the parent organism, we have a case of what is calleq
“ discontinuous ” gemmation. In this case, the detached zobids he-
.come completely independent heings ; and they are often wholly

"~
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unlike the original zovid in structure and in habits, so much so
that they have in various cases been described as altogether dis-
tinet animals. Discontinuous gemmation is very well seen in many
of the Hydrozoa, and in them the case is still further complicated
by the coexistence of discontinuous gemmation with the continuous
form of the process. Thus it is not an uncommon thing amongst
the Hydrozoa to find a composite organism or colony produced from
a primordial zotid by continuous gemmation, and having at the
same time the power of giving rise to detached and completely inde-
pendent beings by a process of discontinuous gemmation.

In what is called “fission” (Lat. findo, I cleave), exactly the same
results are attained as in gemmation, but in a slightly different
manner. In gemmation the new beings are produced by means of
buds thrown out by a primitive zovid. In fission the new beings
are produced by a cleavage or division of a primitive zobid into two
or more parts, each of which becomes finally developed into a new
and more or less completely independent being. In fission, as in
gemmation, the new beings or zodids may remain permanently in
‘connection with one another, when the process is a continuous one,
and a composite organism is produced, as in many Corals. Or, in
other cases, the new zotids produced by fission are detached to lead
an independent existence, as in some of the Hydrozoa, the process
thus becoming a discontinuous one.

‘We are now able to understand what is meant, in strict zoological
language, by the term “individual,” as applied to animals. Zoo-
logically speaking, an individual is defined as “equal to the total
result of the development of a single ovum.” In the higher animals
there is no sort of difficulty about this, for each ovum gives rise to
no more than one single animal, which cannot produce fresh beings
in any other way than by producing another ovum. In this case,
therefore, each animal is an individual. In the lower animals, how-
ever, the being produced by an ovum has often the power of giving
Tise to fresh beings by a process of gemmation or fission, and these
beings may either remain attached to one another so as to form a
colony, or may become detached to lead independent lives. In
either case, the term “individual” can only be properly applied to
the whole assemblage of beings produced in this way, however
much they may differ from one another in appearance, structure, or
mode of life. In these cases, therefore, the individual may be,
firstly, a single independent being—as, for instance, an Ameba, fes
an Infusorian such as Paramectum ; -secondly, a colony or composite
organism composed of a number of more or less nearly glnular
beings or zovids, produced by budding from a primitive zobid—as,
for instance, is seen in many of the Infusoria (e.g., Lpistylis); and
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thirdly, an assemblage of %ovids produced by budding or fission from’
a primitive being, but not necessarily remaining connected with one

Fig. 20. —A, Part of the colony of Bougainvillea museus, one of the compound
Hydrozoa, of the natural size. B, Part of the same enlarged: p A polypite fully
expanded ; m An incompletely developed reproductive bud ; m’ A more completely
developed reproductive bud ; 7 Ceenosare with its investing periderm and central
canal. C, A free reproductive bud or medusiform gonophore of the same : % Gono-
éalyx; p Manubrium ; ¢ One of the radiating gastro-vascular canals; o Ocellus ;
v Velum ; ¢ Tentacle. (After Allman.)

another or exhibiting any common features of likeness, as we shall
see is the case in many of the Hydrozoa. Lastly, cases may occur
in which the individual consists partly of similar zosids which
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remain permanently connected with one amother, and partly of dis-
similar zoids which are detached to lead an independent life, all
alike being the result of the development of a single ovum.

Zoiid.—The term «zovid” is indifferently applied to all the more
or less completely independent beings which are produced by bud-
ding, or by cleavage from a primitive organism. It does not matter,
therefore, for the purposes of this definition, whether these beings
remain permanently attached to the original organism, or whether
they ave finally separated to enjoy an independent existence.

Il.yclr'osoma.—'l‘he term “hydrosoma™ is one which is very con-
veniently applied to the entire organism in any Hydrozoin, whether
this be simple, or whether it be composite and made up of a number
of connected zobids.

Polypite—That portion of any Hydrozoon which is concerned with
the process of digestion, or, in other words, the “alimentary region,”
is termed the “polypite’—the more generally current term of “polype”
being now restricted in meaning to the same region in the higher
Celenterata (Actinozoa). In such of the Hydrozoa as the Fresh-water
Polype or Hydra, in which the hydrosoma is simple, the whole
organism is termed a polypite ; but the term is more generally em-
ployed to indicate the nutritive zovids of any compound Hydrozoin.

(oenosarc.—The term ©ccenosare” (Gr. lotnos, COMMON ; SAIYL,
flesh) is employed to designate the common trunk or flesh by which
the separate polypites of any compound Hlydrozoon ave united into a
single organic whole. :

Distal and proa:imal.—These are terms applied to different ex-
tremities of the hydrosoma. It is found that one extremity grows
more quickly than the other, and to this free-growing end—at which
the mouth is usually situated—the term «distal” is applied. To the
more slowly-growing end of the hydrosoma the term “proximal” is
applied. When the Hydrozoon is fixed to any solid object, it is by
the proximal end that attachment is effected ; but in such forms as
are permanently free this mode of distinction is inapplicable. The
terms may be used either in reference to a single polypite in the
compound Hydrozoa, or as regards the entire hydrosoma, whether
this be simple or compound.

Polypary.—The term polypary " or “ polypidom ” is applied to the
horny or chitinous outer covering or envelope with which many of
the Hydrozoa ave furnished. These terms have also been not un-
commonly employed to designate the very similar structures pro-
duced by the much more highly organised Sea-mats anc} their allies
(Polyzoa), but it is better to restrict their use entirely to the

Hydrozoa.
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CHAPTER VL

DIVISIONS OF THE HYDROZOA.

Tue Hydrozoa ave divided into five great divisions, each of which
requires some notice, as presenting points of special interest. These
divisions or sub-classes are known by the names of Hydroida, Sipho-
nophora, Lucernarida, Graptolitide, and Hydrocoralline,

SUB-CLASS HYDROIDA.

This sub-class comprises all the Sea-firs and their allies, commonly
known to naturalists as the “ Hydroid Zoophytes,” from their resem-
blance to the Fresh-water Polype (Hydra), which is also a member of
this division. The Hydroida ave defined by the fact that they consist
of an alimentary region or  polypite,” which is furnished with a moutl,
and prehensile tentacles at its distal end, and with an adherent dise at
s provemal extremity. In some few cases the hydrosoma consists of
butone such polypite (as in the Hydride and some of the Corynida);
but generally the hydrosoma is composed of a greater or less numbey
of similar polypites all united by a ccenosarc or common trunk (as in
the majority of the Corynida, and in the Sertularida and Campany-
larida). In the great majority of cases, also, the hydrosoma is not
unattached, but is fixed to some solid object by its proximal extren.

(W

ity or “hydrorhiza.” The Hydroid Zoophytes exhibit four principiegs)

types of structure, which constitute so many orders,

Orper I. HYDRIDA.

In the first order we have only the well-known Fresh- watey
Polypes or Hydre, of which we may take the common greey
Hydra (H. viridis) as the type. When uncontracted, the body of
the Hydra is in the form of a cylindrical tube (fig. 30), composeq
of the two fundamental layers, the ectoderm and endoderm, of
which the former contains many thread-cells. The integument

(4]
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also contains numerous green granules, gpparently identical with
“chlorophyll,” or the green colouring-matter of plants, At the base
or proximal extremity of the cylindrical body is a kind of disc-

pears to be that of hanging
head-downwards, suspend-
ed from the stem of some
water-plant. Itisnot, how-
ever, permanently fixed,
but it can detach itself and
change its place at will
At the opposite or distal
extremity of the body is
placed the aperture of the
. mouth, surrounded by a
cirele of from five to fifteen
small tubular filaments,
which are termed the
“ tentacles” (fig. 30, a).
Each tentacle consists of
a tubular prolongation of
both ectoderm and endo-
derm, and encloses a canal
which opens at its base
into the general cavity of
the body. The ectoderm
is richly furnished with
thread - cells, which are
especially abundant in the
tentacles. On the inside
of the ectoderm, between
):t‘ and the endoderm, exists
ilso a peculiar fibrous layer,
which has been generally
regarded as partly of a ner-

vous and partly of a muscular character.

shaped sucker or hydrorhiza, by means of which the animal can
attach itself at will to any foreign body. Its favourite position ap-

Fig. 80.—The Green Fresh-water Polype (Hydra

viridis), suspended head-downwards from a piece
of a stem of an aquatic plant, enlarged. @ One
of the tentacles; b Testis or spermarium, with
spermatozoa in its interior; ¢ A single large
ovum, protruding from the side of the body; d
Disc of attachment (** hydrorhiza ).

The tentacles exhibit the

most extraordinary contractility, being capable of retraction till they
appear as nothing more than so many little warts or tubercles, and of
being extended to a length which is in some species many times longer

than the body itself. They
Hydra obtains its food, con

are the organs by means of w.hich the
sisting chiefly of minute aquatic organ-

isms, such as small worms, insects, Crustacea and Rotifera. These are
seized by the tentacles and gradually drawn into the mouth ; but in
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addition to this merely mechanical action, the tentacles appear to
exercise a benumbing or even fatal influence upon the animals
grasped by them—this being apparently due to the thread-cells
with which they are furnished. The mouth in the Hydra opens”
directly into a capacious cylindrical cavity, which is excavated along 1/
the whole length of the body, and which is both the body-cavity and
the stomach in one. This cavity (fig. 28) is filled with water derived
from the exterior, and also with the nutritive particles derived from
the food. Indigestible fragments are rejected by the mouth, a sep
arate anal opening being wanting. A striking proof of the essen-
tially low position of the Z/ydra in the animal scale is to be found in

its extraordinary capacity of resisting mutilation, or, in fact, me-
chanical injury of any kind short of absolute annihilation. The
briefest illustration of this fact is all that can here be given, but
with that the name of Trembley of Geneva must be associated,
This well-known observer, in a long series of experiments, most of
which have been successfully repeated by subsequent natlu'alists,w -
discovered that the Hydra could be mechanically divided with a.< 4
knife into any number of fragments, with the sole result that each
and all of these possessed the power of developing themselves into
fresh and independent polypites. Further, the animal could even
be turned inside out, with a necessary transposition of the ectoderm
and endoderm, without any apparent inconvenience or interference
with its health.

Reproduction in the Hydra is effected non-sexually by gemmation, and
sexually by the production of ova and sperm-cells ; the former process heing
followed in summer and the latter in autumn, few individuals appearing to
survive the winter. In the first or non-sexual method, the Hydra throws out
one or more buds, usually from near the fixed or proximal extremity. These
buds at first consist simply of a tubular prolongation of the ectoderm anq
endoderm, enclosing a cavity which communicates with the general cavity of
the body. A mew mouth and tentacles are soon developed at the distal end of
this bud, and after a longer or shorter period the new Hydra, thus produceq
is detached to lead an independent life. Each Hydra can produce Mnn;
such buds during the summer season, and the liberated buds can also Tepoqgt I
the same process, so that in this way reproduction is rapidly carried on. "%gh\(_‘__
the second or sexual method of reproduction, ova and sperm-cells are produced
towards the winter in external processes of the body-wall, The spermatozoa
are developed in little conical elevations (fig. 30, b), which are produced neay
the bases of the tentacles; and the ova are formed in much larger elevations’
of which there is ordinarily but one, placed nearer to the fixed or proximal ex.
tremity of the animal (fig. 30, ¢). When mature, the ovum is fertilised by the
sperm-cells, both being set free into the water by thf: rupture of the body-wal),
The embryo Hydra is at first covered with vibrating cilia, and swims frecly
about, until it meets with a suitable locality. It then fixes itself by one ey.
tremity, the cilia drop off, and a mouth and tentacles are developed at the

distal end of the body.

e
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.
OrperR II. CORYNIDA.

In the second order of the Hydroid Zoophytes, known as the

Corynida or
in their essential structureiare closely relate

Tubularida, we have a number of organisms which

d to the Hydra, but

which differ considerably in the nature of the reproductive pro-

cess. All of them are marine, with the sin
genus Cordylophora,
members of the order
single polypite. In these cases there is an
proach to the structure of the com-
mon Hydra, but the polypite is
permanently fixed without the
power of voluntarily changing its
place, whilst the reproductive pro-
cess is considerably different. In
the majority of the Corynida, how-
ever, the hydrosoma is compound,
consisting of a greater or less num-
ber of separate polypites or zobids,
all connected with one another by
a common flesh or ceenosarc, and
all forming parts of a plant-like
rooted colony. In some of the
Corynida the polypites are naked,
but in most cases the ceenosarc is
protected by a horny-looking chit-
inous?! envelope or “polypary,” as
in Zubularia indivisa (fig. 31). In
no case, however, is this horny
covering so prolonged as to form

contained. It always stops short
at the bases of the polypites, and in
this way the Corynida can always
be distinguished from their near

gle exception of the

which inhabits fresh water. Some of the
are simple, consisting of mo more than a

exceedingly close ap-

allies, the Sea-firs (AS'crtularzda)- ) Fig. 31.—Fragment of Zuidaria
Good examples of the Corynida indivisa, natural size.

are the common Pipe - corallines
(Tubularia), in which the ceenosarc is enclose
polypary (fig. 31), each tube containing a si1

1 C?u'tinc is a substance which is nearly allied to 1
from it by the fact that it is not soluble in caustic poti

n

d in a horny tubular
1gle polypite. Other

jorn, but is distinguished
ash.
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common. examples are the singular Hydractiniee, which form brown
prickly crusts upon the empty shells of univalve Molluscs, invari-
ably selecting those shells which are inhabited by Hermit-crabs, .
Other common types belong to Zydendrium. The genus Cordylo-
phora is found in fresh water ; and in Coryomorpha we have a type y
in which the hydrosoma consists of no more than a single polypite. /

As regards the generative process in the Corynida, it may be as
well to consider the general phenomena of reproduction as carried
on by all the Hydroid Zoophytes, the general characters of the pro-
cess being of a most remarkable nature. As has been already
explained, the “individual” in the case of the compound Hydrozon
consists of an aggregation or colony of partially independent beings
or zovids, produced by gemmation or fission from a primordial
organism. This is the case in all composite animals, such as
Sponges, Sea-mats, Corals, and many others. In many of the com-
pound Hydrozoa, however, the case becomes still further compli- .
cated. In many of these organisms, namely, the zosids differ very W“
much from one another both in structure and in function. One set
of zobids is entirely devoted to the duty of providing food for the
colony, and in these no reproductive organs arve ever developed.
These nutritive zovids are all like each other in form, and the whole
assemblage of them has been appropriately termed the tropho-
some” (Allman), from the Greek treplo, I nourish ; and soma, body.
The colony or trophosome thus formed by the nutritive zovids can
go on increasing by the production of fresh zotids for an almost
indefinite period ; but in all cases there ultimately comes a time
when it becomes necessary to produce the essential elements of
reproduction in order to secure the perpetuation of the species,
The nutritive zovids, as just stated, cannot produce the ova and
sperm-cells, being destitute of reproductive organs, and the colony
is therefore compelled to produce a second set of buds, which have
the power of producing the essential elements of reproduction,
These buds are collectively called the *gonosome” (Gr. gonos, off. /
spring ; and soma, body). The generative buds have the furthéx-&\
peculiarity that not only can they produc.e.the generative elements,
but they are altogether unlike the nutritive zosids in appearance,
This difference in external appearance and in structure is sometimes
so great as to lead to a l'[.IOSt remarkable §e1ies of phenomena. In
the simplest form in which these generative buds or « gonophores ”
appear, they have the form of mere propubex'ar}ces of the ectoderm
and endoderm (fig. 32), enclosing a cavity derived from the body-
cavity. In these buds the generative elements—ova and sperma-
tozoa—are developed. In other instances, f:he generative buds haye
a more complicated structure. They consist now (fig. 29 ) of g

O
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bell-shaped disc, which is attached by its base to the parent organ-
ism, and has its cavity turned outwards. From the roof of this
disc there is suspended a kind of handle, which corresponds to the
clapper of the bell, and is termed the “manubrium” (Lat. for
handle). From the fixed or proximal extremity of the central
process or manubrium proceed four or eight canals, which extend
to the margin of the bell, where they all open into a circular canal
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Fig. 32.—Group of zobids of Hydractinia echinata. Enlarged (after Hincks). @ a Nu-
tritive zo6ids ; b b Generative zodids, carrying sacs filled with ova (*‘sporosacs ).

surrounding the mouth of the bell. This bell-shaped reproductive
bud may attain no higher development than this, and may Temain
permanently attached to the parent organism from which it is pro-
duced. In other cases, however, a higher state of development is
reached. The generative bud or gonophore (fig. 29, C) becomes
detached from its parent colony ; the manubrium or central process
develops a mouth at its free or distal extremity ; the mouth of the
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bell becomes partially closed by an inward prolongation or' shelf,
called the “veil”; and a series of tentacles are developed from its
margin. The generative bud, thus liberated, leads a wholly inde-
pendent existence. The manubrium, having developed a mouth\.
assumes the functions of a true polypite, and its cavity acts as
digestive sac. The whole organism swims about freely, and has th
power of assimilating food, and thus of attaining to a comparatively
gigantic size. This independent existence, however, only goes on
till such time as the elements of reproduction can be produced.
The ova and sperm-cells are developed in specialised portions of this
generative bud, and then it ceases to exist. The ova, however,
when fertilised, do not develop themselves into the free-swimming
bell-shaped organisms in which they were actually produced, but

Fig. 38.—Free-swimming medusiform gonophore of Bougainvillea superciliaris,
a fixed Hydroid. Enlarged (after A. Agassiz).

- “ A‘_
into the plant-like, rooted, and compound zoophyte, from which tlie s

generative buds were originally given forth. These free-swimming
bell-shaped reproductive buds or gonophores (fig. 33), as we shall
see, are structurally identical with the smaller forms of the so-called
Sea-jellies or Meduse; and it is now known that most of these
Medusce, though originally described as distinet beings, are really
nothing more than the free generative buds of the fixed Hydrozoq,
Hence, these free reproductive buds are usually spoken of as “me.
dusiform gonol‘)hores." We have here, then, an instance of what hag
been, not quite appropriately, called “alternation of generations”
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We have a compound fixed animal, in many respects comparable to
a plant, producing a special series of buds which are devoted to the
. process of reproduction. These buds are cast off as independent
" beings to lead an independent life, and they are furnished with the
‘( necessary organs to preserve their existence till they are able to
mature the reproductive elements. "When once able to consummate
this, they die ; but the young to which they give origin are wholly
unlike themselves. The young, namely, instead of being free-
swimming “medusiform ” beings, become developed into the fixed
plant-like colony from which the generative buds were originally
produced. The term “alternation of generations” is not an alto-
gether good one, and does not quite express the facts of the case.
\ There is not any alternation of generations, but there is an alter-
nation of generation with gemmation or budding. -The only true
' generative act takes place in the reproductive zotid or gonophore,
_in which the ova and sperm-cells are developed. The production of
N this gonophore from the parent organism (trophosome) is a process,
not of generation, but of gemmation or budding. The whole pro-
cess, therefore, is, properly speaking, not an “alternation of gener-

ations,” but an alternation of generation with gemmation.

To recapitulate, then,—the process of reproduction in the Hydroid
Zoophytes is carried on by means of reproductive buds or gono-
phores, which are produced at special seasons, and in which the
reproductive elements are developed. These generative buds differ
a good deal in their character, but three chief kinds may be dis-
tinguished : 1. Simple closed sacs or protuberances (““sporosacs ")
formed out of both ectoderm and endoderm, and having the special
elements of generation developed in their interior. 2. Bell-sl}nped
buds attached to the parent colony by their bases, and having a

“ central process or manubrium, which is furnished with a mouth and
i central cavity, from which there is given off a system of canals to
ramify in the substance of the disc. The reproductive elements are
developed either in the walls of these canals or between the ecto-_
/L?!‘er and endoderm of the manubrium, From the resemplance of
these buds in anatomical structure to the so-called Sea-jellies or
Meduse, they are usually spoken of as “medusiform gonophores,"
or simply as “medusoids.” In this form, however, though highly
organised, the buds never become detached from the parent co'lony.
3. Buds which become developed into bell-shaped medusiform
bodies exactly similar in structure to the last, but detac.hed to lead
an independent existence. These free-swimming medusiform gono-
phores are anatomically indistinguishable from ordinary J[edus(e:"
and it is now known that most of the so-called naked - eyed .
Meduse, ave really the detached generative buds of other orders of
. E
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Hydrozoa. The special elements of reproduction are developed in
these detached buds, but”the resulting embryos are not developed
into Meduse, such as produce the ova and sperm-cells, but straight-
way grow up into the plant-like sexless colony, from which the
medusiform gonophores were originally budded forth. In these
cases, therefore, the ndividual Hydroid consists of a fixed, rooted
colony (or trophosome), producing fresh zovids by a process of bud-
ding, but incapable of producing the essential elements of reproduc-
tion, together with a free and independent series of generative huds
(or gonosome), in which the elements of reproduction are developed.

ORDER III. SERTULARIDA.

In this order of the Hydroida we have the most familiar and
be§t known of all our zoophytes—namely, the Sea-firs and their
allies. The horny plant-like polyparies of the Sertularida ave

Fig. 34.—a Sertularia (Diphasia) pinnata, natural size; @' Fragment of the same g, /
larged, carrying a male capsule (o), and showing the hydvothece (1) ; b Fmbm,c.‘,l{%,\_ -
of Campanularia neglecta (after Hincks), showing the polypites contained in their
hydrothecse (%),'and also the point at which the ccenosare communicates with the

stomach of the polypite (¢).

familiar to every visitor at the sea-side, and by those unacquainted
with their true nature they are almost univer_sa]ly set down as sea-
weeds. The Sertularida are very closely allied to the compound
forms of the Corynida, resembling them in being rooted, l.’_l_a"t-hke
colonies, composed of a number of simll..'}r polypl.t»es or zovids, pro-
duced by budding from a primitive zovid. As in the Tubulariang
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amongst the Corynida, the whole ccenosaye is enveloped in a horny
or chitinous envelope or polypary (fig. 34, «), and this is the struc-
ture which is most familiarly known to sea-side observers. The
Sertularida, however, arve distinguished from the Corynida by two
points. Firstly, none of the Sertularida ave simple, but all are com-
pound, consisting of more or less numerous polypites, united by a
branched ccenosare. Secondly, the polypary of the Sertwlarida
differs from that of the Corynide in not simply reaching to the
bases of the polypites, but in being prolonged to form a number
of little cups or “ hydrothece” (fig. 34, «, b) within which the poly-
pites ave lodged. Each polypite has a hydrotheca of its own, within
which it can entirely withdraw, and from which it can protrude its
distal extremity.

The polypites of the Sertularida have essentially the same structure as in
the Corynida, and each may be compared to a little Hydra. Each, namely,
consists of a soft contractile and extensile body, which is furnished at its distal
extremity with a mouth and a circlet of prehensile tentacles, richly furnished
with thread-cells, The mouth opens into a chamber which occupies the whole
length of the polypite, and which is to be regarded as the combined body-cavity
and digestive sac. At its lower end this chamber opens by a constricted aper-
ture into a tubular cavity, which is everywhere excavated in the substance of the
caenosare (fig. 34, 5). The nutrient particles obtained by each polypite thus serve
for the support of the entire colony, and are distributed throughout the entire or-
ganism. The nutritive fluid prepared in the in-
terior of each polypite gains access through the
above-mentioned aperture to the cavity of the
ccenosare, which, by the combined exertions of
the whole assemblage of polypites, thus become
filled with a granular nutritive liquid. This
ceenosarcal fluid is in constant movement, cir-
culating through all parts of the colony, and thus
maintaining its vitality—the cause of the move-
ment being probably due, in part, at any rate, to
the existence of vibrating cilia.

The process of reproduction varies some-

all alike, however, the ordinary polypites
are incapable of producing the essential
elements of reproduction, and for this pur-
pose special generative buds have to be F'!BS’?“;(?‘(;:_‘;:I;“:‘I:;“:;"’_’
developed. In the typical Sertularians the m'l’;m'lli,m_(nm, Hincks).
reproductive buds are developed at certain  Greatly enlarged.
seasons in great numbers, and they con-

stitute what used to be called the “ovarian vesicles ” or “ capsules”
(fig. 35). These reproductive buds are enclosed in horny cups or
receptacles, often of a very beautiful shape, and much larger in size
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than the ordinary hydrothecee. As a general rule, each capsule in
the Sertularida contains a 'number of the reproductive buds, which
are all borne upon a central axis which runs up the middle of the
capsule, and is derived from the cenosarc.

In one division of this group—often described as a separate order,
under the name of Campanularida—some points of difference are
observable. In the typical Sertularians the little cups or hydrothece
for the polypites are placed on the sides of the branches, and they
are not stalked (fig. 34, &), whilst the reproductive elements are
produced in fixed buds. In the Campanularida, on the other hand
(fig. 34, 0), the hydrothecwe are supported upon stalks, and are placed
* at the ends of the branches, whilst the generative buds are usually
detached to lead an independent existence. In these forms the
reproductive zowids or gonophores start as simple buds; but they
become gradually developed into free-swimming medusoids, such
as have been before alluded to, Each medusoid consists of a little
transparent glassy bell, from the under
surface of which there is suspended a
modified polypite, in the form of a
manubrium (fig. 36, ). The whole or-
ganism swims gaily through the water,
propelled by the contractions of the
bell or disc; and no one would suspect
now that it was in any way related to
the fixed plant-like zoophyte from which
it was originally budded off. The cen-
tral polypite is furnished with a mouth
at its distal end, and the mouth opens
into a digestive sac. From the proximal

3 end of this stomach proceed four radiat-

{1 ing canals which extend to the margins

of the bell, where they all open into 3

y g circular vessel which runs round the
;
#

mouth of the bell. From the circumfer-.

ence of the bell hang also a number of

delicate extensile filaments or tentacles ;

and the margin is further adorned with

Fig. 36.—Gonophore of one of @ series of brightly coloured spots,
the Campanwlarida. which are probably rudimentary organs

of vision and hearing. The mouth of

the hell is partially closed by a delicate transparent membrane or
shelf, the so-called * veil.” Thus constituted, these beautiful little
beingﬂ lead an independent and locomotive existence for a longer
or shorter period, Ultimately, ova and sperm-cells are produced i,
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special organs, which are developed in the course of the radiating
canals of the disc. The resulting embryos are minute free-swimming
bodies, covered with cilia, which finally fix themselves, and develop
into the plant-like colonies from which the medusoids were derived.

Orper IV. MEDUSID.E.

Among the most familiar and beautiful of all marine organisms
ave the delicate, transparent, bell-shaped creatures generally known
as Jelly-fishes. All the organisms, which are generally spoken of
as Jelly-fishes, belong to the Hydrozoa, but they differ greatly as
to their precise nature. The great gelatinous discs which are so
frequently cast up on the sea-shore, and which are more especially
spoken of in common language as “Jelly-fishes,” are mostly the
reproductive zovids of a particular group of Hydrozoa (the Lucer-
narida), and will be subsequently noticed. ILess familiar than
these, but equally abundant, are certain, usually much smaller,
Jelly-fishes which are found floating in the sea near the surface,
often in vast numbers, at particular seasons of the year. Many of

Fig. 87.—a A medusiform gonophore (Thawmantias) seen in profile, showing t_l:c
central polypite, the radiating and circular canals of the disc, the reproductive
organs borne in the course of the former, the marginal bodies and tentacles; b The
same, viewed from below. The dotted line indicates the margin of the “ veil."”

these comparatively minute Jelly-fishes are in reality, as ])1'evi011§])'
noted, neither more nor less than the free-swimming reproductive
buds of the Hydroid Zoophytes, or of other groups of Hydrozoa.
That this is their true nature is shown by the fact that the eggs
which they produce develop themselves not into fresh Meduse,
but into various other forms of Hydrozoa, which may be either fixed
or oceanic. On the other hand, there are certain .J elly-ﬁshefs (Trachy-
nemide, Aginide, &c.) the eggs of which really give origm. to fresh
Jelly-fishes. These, therefore, must be considered as a special group
of the Hydrozoa, to which the name of Weduside may be applied.

o
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As regards the structiire of such Meduse, there is nothing to
enable the observer to know for certain whether a given Jelly-fish

is merely the free generative bud of some fixed Hydroid, or whether -

it is an independent organism. In either case, the anatomical
structure is essentially the same, and may be briefly stated as
follows: The hydrosoma is free and oceanie, the organism living
near the surface of the sea. The body is composed of a thick,
transparent, gelatinous disc or swimming-bell (the nectocalyx)
by the pulsations of which the animal is driven through the water.
From the under surface or roof of this bell-shaped disc is suspended

Fig. 88.— Trachynema digitale, a naked-eyed Medusa, female, enlarged. (After 4
gastro-vascular canals ; o One of the ovaries.

a single polypite (the manubrium), which bears to the disc the same
relative position as the clapper does to an ordinary hand-bell. The
distal end of the central polypite (fig. 38) is furnished with a
mouth, the lips of which are often prolonged into four longer or
shorter lobes or processes. The mouth opens into a digestive sac,
occupying the axis of the polypite ; and from the upper end of thig
proceed four radiating canals, which run in the substance of the disc
to its margin, where they are united by a single eireular vessel,

Agassiz.) p Manubrium or central polypite; ¢t One of the tentacles; ¢ One of the =
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the whole system constituting the so-cadled ¢ gastro-vascular” or
“nectocalycine ” canals. The margin of the bell is narrowed by a
kind of shelf, which runs round the whole circunference, leaving a
central aperture, and which is known as the “veil.” From the mar-
gin of the disc hang more or less numerous tentacles, which in these
forms are mostly solid, instead of being hollow. Also round the
circumference of the swimming-bell are disposed certain *marginal
bodies,” which are doubtless organs of sense. Some of these marginal
bodies consist of little rounded sacs or “vesicles,” filled with a trans-
parent fluid, and containing mineral particles, apparently of carbon-
ate of lime. These are probably rudimentary organs of hearing.
Others of the marginal bodies are in the form of little masses of
colouring-matter or pigment, often of a strikingly bright colour, en-
closed in distinet cavities. These are known as the “pigment-spots”
or “eye-specks,” and they are of the nature of rudimentary organs
of vision. They are placed in a conspicuous and unprotected position
on the margin of the disc, and hence these organisms were termed
“naked-eyed ” Meduse by Edward Forbes. Round the margin of
the swimming-dise there is also placed a distinct nerve-ring. The
reproductive organs (fig. 38) are usually developed in the course of
the radiating gastro-vascular canals, but are sometimes situated in
the walls of the central polypite.

The naked-eyed Meduse, including under this name both the true
Meduse and the free medusoid buds of other Hydrozoa, are all exceed-
ingly elegant and attractive, when examined in a living condition,
resembling little bells of the most transparent glass, adorned here and
there with the most brilliant colours. They occur, in their proper
localities and at proper seasons, in enormous numbers. They are
mostly phosphorescent, or capable of giving out light at night, and
they appear to be one of the principal sources of the luminosity of
the sea. It does not seem, however, that they phosphoresce unless
disturbed or irritated in some way.

Most Medusee and medusoid gonophores are of comparatively
“Small size, but some types of the latter may grow to a diameter of
eicht or ten inches or more (e.9., Zguorea). A single Medusoid
(Limnocodium) has been found inhabiting fresh water ; but this is
known to be the generative bud of a fixed Hydroid.
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CHAPTER VIIL
SUB-CLASS SIPHONOPHORA.

Tue animals included under the name of Siphonophora ave often
known as the “Oceanic Hydrozoa,” as they are not fixed like the
Hydroid Zoophytes, but are found swimming at the surface of the
open ocean, far from land. They are all singularly delicate and -
beautiful organisms, but they require little notice here. They are {/
distifiguished from the Hydroid Zoophytes, which we have been just
considering, by the fact that the hydrosoma consists of numerous
polypites, united by a common trunk or ceenosare, which is very
rarely branched, and is never furnished with any hard outer cover-
ing or polypary, so that it remains permanently soft and flexible
throughout life. The proximal end of the ccenosarc, as already re-
marked, is not fixed, or capable of being fixed, to any solid object,
but is variously modified to suit the requirements of the floating
colony. As in the Hydroida, the reproductive organs arve in the
form of special buds, which have the power of developing the essen-
tial elements of generation, and which are often detached as free-
swimming medusoids.

The entire sub-class is divided into two great groups or orders,
and it will be sufficient to consider shortly a typical form of each,
In the first order—that of the Culycophoridee—the ceenosare is thread-
like, cylindrical, unbranched, and highly contractile. The cavity (f
the ccenosarvce dilates proximally into a peculiar ciliated ch:unbe‘b,‘i g
which is the distinguishing character of the order. The name of
Calycophoride (Gr. kaluz, a cup; and phero, I bear), is, l.xowever,
derived from another circumstance—namely, .that the proximal .end
of the caenosarc is always furnished with a series of bell-slm.p;:d discs,
which are known as “swimming-bells” or “nectocalyces. Ea.ch
nectocalyx consists of a bell-shaped cup (flg- 39, n), attache? by its
base to the ceenosarc, and having its cavity turned o.utwauls. I'n
the substance of the disc run at least four canals, which communi-
cate with the cavity of the ceenosare, and proceed to the margin of
the bell, where they all open into a circular vessel. The mouth of

L3
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the bell is also furnished with a delicate ledge, which runs round its
circumference, and is known as the “veil.” The structure, therefore,

_of the nectocalyces, is very similar to that of an ordinary medusiform

gonophore, the chief difference being the absence in the former of
the central polypite or manubrium. The nectocalyces are highly
muscular, and have the power of alternately contracting and dilat-

ing, thus driving the whole organism through the water. In Praye.

(fig. 39), which may be taken as a good example of the group, the

Fig. 30.—Calycophoridee. A, Upper portion of the colony of Iraye mazima, of the
natural size: n The proximal nectocalyces; a'a’ Mouths of the same; cc¢ Coeno-
sare, carrying polypites (p p) at intervals, along with their swimming-bells (¢ 8)

" the openings of these being indicated by the letters m m; t Tentacles. B, A single
polypite of the same (p), separated from the cenosare, and enlarged, with its swim-
ming-bell (s), the opening of the bell (m), and the tentacles (7).  (After Gegenbaur.)

nectocalyces () are succeeded by a series of polypites. Each poly-
pite (p) is furnished with a mouth, opening into a digestive sac,
which in twrn communicates with the cavity of the ccenosarc. In
this form each polypite has a little swimming-bell of its own ; but
in many forms each is protected by an over-arching plate, tel:n}ed
a “bract.” Each polypite has in general a single tentm.:le, rising
from near its base, usually of great length, and provided with lateral
branches armed with numerous thread-cells, The reproducti ve organs
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of the Calycophoride are in the form of medusiform gonophores,
which are budded from the stalks of the polypites, and which are
mostly detached to lead an independent existence. L
The second order of the Oceanic Hydrozoa is that of the Physo- B
phoride: (Gr. physa, a bladder ; and phero, I carry), of which the
most familiar, though not the most typical, example is the Portu-
. guese Man-of-war, Physalia (fig. 40, a). The Physophoride ave
distinguished from the organisms which we have been just consider-
ing by the fact that the proximal extremity of the ccenosarc is devel-

¥<

<«

Fig. 40.—a Portuguese Man-ot-war (Physalia).
b Velella vulgaris.

oped into a structure which is known as the “float” or “pneumato-
phore.” The float contains a larger or smaller sac, composed of
some elastic horny substance, probably chitine, often communicatin g
with the exterior by one or more apertures, and always more or Jegg
completely filled with air. The function of the float is no doubt
that of enabling the organism to maintain its position at the surface
of the sea. As in the Calycophoride, the ceenosarc is always perfectly
flexible, contractile, and soft, and is never furnished with any
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chitinous covering or polypary. There m®y or may not be swim-
ming-bells or nectocalyces, and the tentacles are very complicated
i structure, and often attain a great length. The polypites present

’ 1o special points of interest, but are often furnished with the pro-

tective plates which have been already spoken of as ““bracts.”

As a good example of the Physophoride, the Portuguese Man-of-
war may be taken (fig. 40, @). It is composed of a large spindle-
shaped float, often of several inches in length, upon the under
surface of which are arranged a number of polypites, together with
highly contractile tentacles of great length, and reproductive organs.
The tentacles are richly furnished with thread-cells ; and it has the
power of stinging very severely. Physalia is commonly found float-
ing at the surface of tropical and sub-tropical seas.

Another very beautiful member of the Physophoride is the Velella
vulgaris, which occurs abundantly in many seas. It is about two

-wginiches in length by -one and a half in height. The proximal end of
the ceenosare is greatly expanded and flattened out into an oval disc,
which carries a vertical triangular crest, running obliquely across
its upper surface (fig. 40, b). The whole organism is semi-transpa-
rent and of a beautiful bluish colour, and it floats at the surface of
the sea with the vertical crest exposed to the influence of the wind,
and thus officiating as a sail. From the under surface of the disc
are suspended the various appendages of the organism, consisting of
a single large central polypite; a number of processes, like polypites
in shape, and carrying medusiform gonophores ; and lastly, a single
series of tentacles which arise from the ccenosarc quite independently
of the polypites.

A
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CHAPTER VIIIL

SUB-CLASSES LUCERNARIDA, GRAPTOLITID/E,
AND HYDROCORALLINZE.

SUB-CLASS LLUCERNARIDA.

Tue next group of the living Hydrozou is that of the Lucernar T
under which name are included a ¢ (7
siderable number of forms, differing fro.«
one another to a great extent in external
appearance. It will be sufficient here to
describe one or two typical forms.
One group of the Lucernarida is repre-
sented by Lucernaria itself (fig. 41), in
which there is a cup-shaped body of
more or less gelatinous consistence, usu-
ally attached by its smaller extremity
to sea-weeds, this end of the body being
developed into a small sucker. Like the
Hydra, however, Lucernaria is not fixed,
but can detach itself at will, and can evey,
swim freely by means of the alternate |
contraction and expansion of the cup-/ i
shaped body (or “umbrella,” ag it isl {
termed). Round the margin of the'\m.%g\ .
are tufts of short tentacular processes, ' f
and in its centre is fixed a single polypite, ‘
furnished with a four-lobed mouth. The
essential elements of reproduction are de- {
Fig. 41.—Two specimens of veloped within the body of Lucernariq !
Lncernaria awricule attached g4 )p 0 it does not give off any genera.

i sea-weed (after 2 1 ,
;Z,::,:;f:)e o tive buds, as 5o commonly occurs in othey ’
' forms. l

|

Another type of the Lucernarida is represented by the organisms
formerly termed * hidden-eyed” Jeduse, and familiarly known ag

o



SUB-CLASSES LUCERNARIDA, GRAPTOLITID.E, ETSJ. T

Sea-nettles or Sea-blubbers. Every sea-sidesvisitor is familiar with
the great circular dises of jelly which are left upon the sands by
the retreating tide during the summer months; and many must
(’hnve noticed on a calm day the large transparent dises of these same
¥ creatures slowly flapping their way through the water. Not a few,
too, must have "learnt by painful experience that some of these
singular organisms have the power of stinging most severely, if
incautiously handled. The forms included under the old name of
“covered-eyed” Meduse differ considerably from one another in
their nature, and even in their structure, though they all present, in
spite of their usually greater size, a decided resemblance to the naked-

Fig. 42.—Development of durelia, one of the Lucernarida. a Ciliated free-swimming
embryo, or “planula”; b Hydra-tuba ; ¢ Hydra-tuba in which fission has consider-
ably advanced ; d Hydra-tuba in which the fission has proceeded still further,
and a large number of the segments have been already detached to lead an in-
dependent existence.

ebea eduse already described. Some of the covered-eyed Meduse
PRNce eggs which are developed into organisms resembling them-
selves ; but most of them are now known to be nothing more than
the free-swimming reproductive buds of minute rooted Hydrozoa.
It will be sufficient here to describe shortly the life-history of one
of the more remarkable forms of this section.

If we commence with the young form of one of these singular
animals, we find that the egg gives origin to a little microscopic
ciliated body, which swims about freely by means of the cilia with
Which its surface is covered (fig. 42, @). This little body, on finding
a suitable locality, fixes itself by one end, and develops a mouth and
tentacles at the otber, when it is known as a “ Hydra-tuba” (fig. 42,
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b), from its resemblancedn shape to the Fresh-water Polype or Hydra.
The Hydra-tuba is only about half an inch in height, and it pos-
sesses the power of forming large colonies by gemmation, whilst it
is incapable of developing the essential elements of reproduction,
Under certain circumstances, however, reproductive zovids are pro-
duced by the following singular process : The Hydra-tuba becomes :
elongated and exhibits a number of transverse grooves. These
grooves go on getting deeper and deeper, and become lobed at their
margins, till the whole organism assumes the aspect of a pile of
saucers placed one above the other (fig. 42, ¢). The tentacles now
disappear, and a fresh circle is formed close to the base of the
Hydra-tuba. Finally, all the saucer-like segments above the new
circle of tentacles (fig. 42, @) drop off, one by one, and present them-
selves in the form of independent free-swimming Meduse. These

reproductive zodids or Meduse eat voraciously, and increase rapidly
in size, becoming not only comparatively, but often actually, gigantic.
Thus, in one case the reproductive zotid has been known to attaine7”
a size of seven feet across, with tentacles one hundred feet or move

in length, though the fixeq organism from which it was produced
was no more than half an inch in height. These gigantic reproduc-
tive bodies live an independent life until they are able to produce
ova and sperm-cells, when they die. The fertilised egg, however,
develops itself, not into the monstrous organism by which it was
produced, but into the little fixed sexless Hydra-tuba, from which the
generative bud was detached. We have, then, here another instance

of the so-called “alternation of generations.”

It is now known, then, that most of the great Sea-blubbers which
abound around most coasts in summer are really the detached repro-
ductive buds of minute fixed Hydrozoa ; and it may be as well to men-
tion the leading features in their structure, and the points by which
they may be distinguished from the smaller or naked-eyed Meduse,
to which they have a decided superficial likeness. In the commonest,
forms of these zovids (such as the common Sea-blubbers Aureliq gy
Cyanea), the body consists of a great bell-shaped gelatinous digedl. °
“umbrella” (fig. 43), from the roof of which is suspended a s?ﬁ&k”
polypite, the lips of which are extended into lobed processes, often
extending far below the margin of the dise. The digestive cavity
of the polypite gives out from its upper extremity a series of radiat-
ing gastro-vascular canals, which proceed towards the margin of the
umbrella. These radiating canals are never less than eight in num-
ber, and on their way to the margin of the (_lisc t_hey break up into
a great number of smaller vessels, which mn'te with one another to
form a complicated network. At the margin of the bell they all
open.into a circular vessel, which in twrn sends Processes into a

&d
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series of marginal tentacles, which are oftensof extraordinary length.
Besides the tentacles, the margin of the umbrella is provided with
~a, number of marginal bodies, each of which consists of a little col-
lection of pigment, or “eye-speck,” and a little sac filled with fluid
and containing mineral particles. Each of these marginal bodies
is covered and concealed from view by a kind of hood derived from
the ectoderm. Hence the name of “hidden-eyed” Jeduse, applied

Fic. 43.—Generative zovid of one of the Lucernarida (Chrysaora hyoscellar),
= (After Gosse.)

to these forms, in contradistinction to the “naked-eyed” Meduse,

&“’hich the eye-specks are exposed to view. There is also a well-
Véloped nerve-ring running round the mouth of the umbrella. The

t1 . 3
reproductive organs are usually of sowe bright colour, and “form a
jols G ”
conspicuous cross shining through the thickness of the disc.

From the above description it will be evident that there is a considerable
resemblance between the so-called ‘¢ hidden-eyed " Meduse, or the reproduc-
tive zovids of many of the Lucernarida, and the m.edusifonn gonophores of s?
many of the Hydrozoa, as well as the true Medusida: or ntfked-.eyed' ﬂ!ﬂ?ls;l,.
The differences, however, hetween them are these: Th_e swm.mung-dl‘sc of the
naked-eyed Meduse and of any medusiform gonophore is furnished at its mouth
with an internal shelf or veil ; the radiating gastm-vnscu}nr can_als are very
rarely more than four in number, and should they subdivide (as in rare cases
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they do), they do not form -n intricate network ; lastly, the marginal bodies
are simply placed in an uncovered situation on the margin of the dise. TIn the
reproductive zotids of the Lucernarida or hidden-eyed Medusc, on the other
hand, the swimming-disc or umbrella is destitute of any marginal shelf or veil & -
the radiating gastro-vascular canals are never less than eight in number, nmi
they split up into numerous branches, which unite to form an intricate net-
work ; lastly, the marginal bodies are concealed from view by a kind of hood.

There still remains another family of the Lucernarida (viz., Rhizo-
stomider) in which the reproductive process is carried on in the same
way as in the forms we have just described, but the structure of the
reproductive zotids is somewhat different. In these, as in Rhizo-
stoma (fig. 44), the generative zovid is much like those just men-
tioned ; but the umbrella is destitute of
marginal tentacles; and in place of a
single central polypite, there hangs from
the under surface of the umbrella a com-
plex tree-like mass, the branches of whicl
end in, and are covered by, small poly-
pites and club-shaped tentacles. The um-
brella itself does not exhibit any difference
as compared with those already described,
but the ova are produced in a genital
cavity which is placed on the under sur-
face of the umbrella.

SuB-CLASS (GRAPTOLITIDE.

We may here notice very briefly a group
of extinet organisms which almost certain-
ly belong to this class, and which probably
find their neavest allies in the Sertularians,
The Graptolitide are without a single liv.

Fig. 44.—Generative zobid of
Rhizostoma, pulmo, veduced | B A AT
in size. (After Gosse.) indeed, very high, since it is doubtfu] e

they ever pass above the group of roelggs .

known to geologists as the Silurian formation. The most typical
forms of the group (fig. 45) agree with the living Sertularians in
having a horny polypary, and in having the polypites protected by
little horny cups or hydrothecz, afl springing from a common stem
or ceenosarc. The typical Graptolites, however, differ from g])
known Sertularians in the fact that the hydrosoma was not fixeq
to any solid object, but was permanently free. Most of them, alsq,
exhibit a very anomalous and remarkable structure, termed the
“golid axis” (fig. 45, B). This is a peculiar, fibrous, apparently

17

ing representat-ive, and their antiquity is,

!
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hollow rod, which no doubt served to strengthen the polypary, and
which is often prolonged beyond one or both ends of the polypary in
anaked state. There is also good evidence that the reproductive

: proceSs in the Graptolites was carried on in manner somewhat
similar to what is seen in the living Sertularians—namely, by means
of reproductive buds enclosed in horny capsules. Graptolites most
usually present themselves as beautiful silvery impressions, covering
the surface of the black shales of various parts of the Silurian system.

SuB-cLASS HYDROCORALLIN &,

This name has recently been proposed by Professor Moseley
for two groups of marine animals which
produce a regular skeleton of _carbonate
of lime, and which have, therefore, been

- enerally placed among the true Corals.
Professor Moseley, however, has shown

" that the forms in question are really re-
ferable to the Hydrozoa, though they ave
peculiar, as regards the members of this
class, in their power of secreting a regu-
lar calcareous skeleton. The best known
and most familiar of the animals placed
in this group are the Millepores (Af2lle-
pora), the stony skeletons of which con-
tribute so largely to the formation of
coral-reefs in the West Indies and Pacific.
The skeleton of /illepora is an expanded,
more or less branched, calcareous mass,
studded with minute apertures of two
sizes, the mouths of differently -sized
tubes. These tubes are divided into
Kl‘lﬂnmbers by a number of complete
Tahsverse partitions (the so-called *tab-
ule ™), and only the surface-layer of the

Fig. 45.—A, Graptolites (Mon-
ograptus) priodon, Broun,
preserved in relief: lateral
view slightly enlarged. B,

mass is to be regarded as actually alive.
The general caleareous tissue of the skel-
eton is open and spongy, and allows of a
free communication between the different
tubes, The larger tubes of the skeleton
are occupied in the living condition by
zobids (* gastrozovids”), which possess a
mouth and tentacles, whilst the smaller

Dorsal view of a fragment
of the same species: con-
siderably enlarged. C, Front
view of a fragment of the
same, showing the mouths of
the hydrothecw:: much en-
larged. D, Transverse sec-
tion of the same. All from
the Silurian. (Original.)

tubes are tenanted by smaller zotids (“ dactylozosids "), which possess

T
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the latter organs, but ave destitute of a mouth. The body-cavities
of all the zovids are placed in communication by means of canals
which ramify in the spongy skeleton.

B,
/

N\

Fig. 40.—Enlarged view of a portion of the surface of a living colony of Millepora
nodosa, showing the expanded zodids of a single system. «, Central “gastrozotia";
, One of the mouthless ‘“dactylozodids.” (After Moseley.)

Other living Hydrocorallines ave the coral-like Stylaster, Allopora,
&ec. Closely allied to the recent types above mentioned is a great
series of fossil and wholly extinct organisms, of which Stromatoporq
may be regarded as the central form.
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CHAPTER IX.
ACTINOZOA.

Tue second great class of” the Celenterata is that of the Actinozoa,
comprising the $ea-anemones and their allies, the Corals, the Sea-
pens, the Sea-shrubs,.‘;i’ﬂ' various other organisms. They are all
<lefined as Caalentex{!_'_':& dnimals in which there is @ distinet digestive
sac which opens below into the general cavity of the body, but s
nevertheless separated from the body-walls by an intervening space
(the © perivisceral space”), which is divided into a number of vertical
compartments by a series of partitions or “mesenteries,” to the faces'
of which the reproductive organs are attached. The Actinozoa (fig. 47),
therefore, differ fundamentally from the Hydrozoa in this, that
whereas in the latter the digestive cavity is identical with the
body-cavity, in the former there is a distinct digestive sac, which
opens, truly, into the body-cavity, but is nevertheless separated from
it by an intervening perivisceral space. The result of this is, that
whilst the body of a Hydrozoon exhibits on transverse section a
single tube only, formed by the walls of the combined digestive and
somatic cavity, the body of an dctinozoin exhibits two concentric
tubes, one formed by the digestive sac and the other by the general
walls of the body. Further, in the Actinozoa the reproductive
organs are always internal, and are never in the form of external
Processes of the body-wall as in the Hydrozoa.

I their minute structure the tissues in the Adectinozoa differ little
from those of the Zfydrozoa. The body is essentially composed of
two fundamental layers—an ectoderm and endoderm; but there are
often well-developed layers of muscular fibres, somewhat obscuring
this simplicity of structure. Thread-cells are most commonly pres-
ent in abundance. Cilia are very generally developed, especially %n
the endoderm lining the body-cavity, where they serve to maintain
a circulation of the contained fluids. The only digestive apparatus
consists of a tubular or sac-like stomach, which opens inferiorly
directly into the body-cavity (fig. 47), and communicates with the
outer world through the mouth. Definite nerve-centres do not
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appear to be present, a¥ a rule; but the mesoderm is usually pro-
vided with scattered nerve-cells. No definite organs of the circula-
tion are developed. Distinct reproductive organs are always present,

and true sexual reproduction occurs in all the members of the clasg, \s.
In a great many forms, however, of the Actinozoa, we have com. ¢/
posite organisms or colonies, produced by a process of “continuous?” /
gemmation or fission, the zovids thus originated remaining attached
to one another. In these cases—as in most of the Corals—the
separate beings or zotids thus produced are termed “polypes,” the
term “polypite” being restricted to the Hydrozoa. In the simple
Actinozoo, however, such as the Sea-anemones, the term “polype” is

Fig. 47.— Diagrammatic vertical section of a Sea-Anemone. a Mouth; s Stomach »
b Body-cavity; ¢ ¢ Convoluted cords (*‘craspeda") containing thread-cells, mm’
forming the free edges of the mesentery (m); ¢ t Tentacles; o Reproductive organ
contained within the mesentery. The ectoderm (¢) is indicated by the broaq
external line, the endoderm (¢) by the thin line and the space between that and the
ectoderm.

applied to the entire organism, as consisting of no more thy, a
single alimentary region. It follows from this, that the entire I)«\.L;“FA.
or “actinosoma,” of any Aectinozoon, may be composed either of =
single polype, or of several such, produced by budding or cleavage, and
united to one another by a common connecting structure or conosare,
Most of the .ctinozon are permanently fixed, like most Corals;
some, like the Sea-anemones, possess a limited amount of locomotive
power; and one order, the Ctenoplora, is composed of highly active
free-swimming organisms. Some of them are unprovided with harq
structures or supports of any kind, as the Sea-anemones and (e -
phora ; but a great many secrete a calcareous or horny skeletoy or
framework which is known as the “coral ” or “corallum.”
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The Actinozoa ave divided into four ord&rs—viz., the Zoantharia,
the Alcyonaria, the Rugosa, and the Ctenophora.

ORDER I. ZOANTHARIA.

The Zoantharie comprise those Actinozow in which the polypes
are furnished with smooth, simple, usually numerous tentacles, which,
like the mesenteries, are in multiples of siz. The Zoantharia ave
divided into three groups, distinguished from one another by the
presence or absence of a coral, and by its structure when present.

The first of these groups is termed Zoantharia malacodermata, or
“soft-skinned ” Zoantharia, because the polypes are either wholly
destitute of a coral, or if there is one, it consists merely of little

Fig. 48.—Actinie mesembryanthemunt, one of the Sea-Anemones,
(After Johnston.)

/&""\ttered spicules of carbonate of lime or grains of sand. Generally,

Co, the organism is simple, and consists of no more than a single
polype. The best known of the members of this group are the
beautiful Sea-anemones or “animal-flowers ” (Aetinide), which ocenr
so plentifully on every coast (fig. 48). It will be as well to describe
the structure of a sea-anemone somewhat in detail, as in this way
a clear notion may be obtained of the general anatomy of the
Actinozoa. The body of an ordinary sea-anemone (fig. 48) is a
truncated cone or short cylinder, termed the “column,” and is of a
soft leathery consistence. The two ends of the column are termed
respectively the “base” and the “dise,” the former constituting a
kind of sucker, by means of which the animal can attach itself at
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will, whilst the mouth {s placed in the centre of the latter. The
mouth is surrounded by ‘a flat space, destitute of appendages, and
the circumference of the disc is in turn surrounded by numerous .
simple tubular tentacles, arranged in alternating rows. The ten-
tacles consist of hoth ectoderm and endoderm, enclosing a tube
which communicates with the body-cavity. By the muscular-con-
traction of the walls of the column, the fluid contained in the
body-chamber can be forced into the tentacles, which can be thus
protruded to a great length, whilst they can also be usually re-
tracted. In some cases the tentacles are furnished with perforations
at their extremities. The mouth (fig. 47) leads directly into the
stomach, which is a wide membranous tube, opening by a wide
aperture into the body-cavity below, and extending about half-way
between the mouth and the base. The wide space between the
stomach and body-walls is subdivided into a number of separate
compartments by radiating vertical plates, which arve called the
“mesenteries,” and to the faces of which the reproductive organsy
are attached, in the form of reddish bands, containing either ova or
sperm-cells. Below the stomach, the free edges of the mesenteries
are thickened, and constitute twisted threads or cords, which ave
filled with thread-cells, and are termed “craspeda.” The Sea-
anemones are mostly to be found between tide-marks, in rock-
pools, or on ledges of stone, adhering by means of the expanded
base. They are not, however, permanently fixed, but can change
their place at will. In the nearly allied Zlyanthus and Aracknactis
and in some related forms the base is tapering, and it appears that
the animal either lives freely in the sea, or buries itself to the lips
in the sand. The true Sea-anemones, as already said, are all simple,
each cousisting of a single polype; but there are closely related
forms (such as Zoanthus) in which the organism is compound, con-
sisting of numerous polypites united by a creeping fleshy trunk or
CoENOosarc.

The second group of the Zoantharia is termed that of the Zoy;,.
tharia sclerodermata, from the nature of the skeleton or coral. "¢ >4
this group are all the so-called “reef-building ” Corals, which are the
principal makers of the well-known “coral-reefs.” The members of
this group all possess the power of secreting carbonate of lime within
their tissues, so as to form a more or less continuous skeleton or
corallum. From the fact that this corallum is secreted by the inner
layer of the polypes, and is therefore truly within the body, it is said
to be “sclerodermic,” in opposition to the kind of coral produced by
other forms (such as the Red Coral), in which the coral forms ap
internal axis, over which the ccenosarc is spread, much as the hark
encloses the wood of a tree. In this latter case the coral is said to
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be “sclerobasic.” (For illustrations of fghese different kinds of
corals, see figs. 49 and 56.) In the typical form of sclerodermic
coral, the skeleton is in the form of a conical cup (fig. 49), the upper
part of which is hollow, and is called the “calice.” The lower part
is divided into a series of compartments by vertical plates, which
are called the “septa,” and which correspond to the mesenteries of
the living animal. Sometimes the space contained within the walls
of the cup or “corallite” is broken up by horizontal plates called
“tabulee” ; but when these are present, there are often no septa. In
the coral just described we have a single corallite, produced by one
polype, and this simple condition may be maintained throughout

Fig. 40.—The skeleton of Caryophyllia borealis, a simple sclerodermic coral, twice
the natural size. (After Sir C. Wyville Thomson.)

Aif’l. In the great majority of cases, however, the polypes bud or

divide, so as to form a colony all bound together by a common flesh
or ceenosarc. When such a colony (fig. 50), therefore, produces &
sclerodermic coral, in place of a single corallite, we have a composite
skeleton composed of a number of little cups or corallites, each of
which was produced by one polype, and all of which are united by
means of a common calcareous basis, secreted by the ccenosarc. In
other cases, the colony is produced simply by the budding forth of
new polypes from the sides of the old ones, or by cleavage of the
original polypes; so that there is no true ccenosarc. In these cases,
the compound skeleton is composed simply of the separate corallites
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belonging to the individual zotids, without any common calcareous

basis secreted by a ceenosare.
As before said, the “septa” are vertical partitions, which divide

4
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Fig. 50.—A compound Coral (Astraa pallida) in its living state. (After Dana.)

the space contained within the walls (the so-called “theca”) of the
coral into a series of compartments. The septa spring from the
inner surface of the “theca” (fig. 51), and advance towards its

Fig. 51. — A, Transverse scction of a simple sclerodermic coral, showing how the
space included within the wall or “theca” is subdivided by the radiating .s:cpta,
the centre being occupied by the columella; B, Transverse section of a simple
Rugose coral, showing the wall and the radiating septa.

centre. Often the septa unite centrally with a calcareous pillar or
rod, the “columella ”; and they are of different breadths. A certain
number of them extend quite to the centre of the coral, where they
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meet the columella (when this is presens). These are called the
“primary_septa.” Others, however, fall short of the centre by a
greater or less distance; and these are called the “secondary ” and
“tertiary ” septa, according to their breadth (fig. 51).

In accordance with their mode of formation, an ordinary com-
pound sclerodermic coral may be distinguished from a sclerobasie
coral by the fact that it would show a number of little cups or
calices, in which the polypes were contained, whereas these cups
would be absent in‘the latter. In accordance, also, with the funda-
mental character of the order Zoantharia, the corals of the present
group possess septa which are some multiple of siz.

When it is understood that compound corals, such as we have been speaking
of, are produced by the combined efforts'of a number of polypes, essentially
the same in structure as our ordinary sea-anemones, it is readily intelligible
that under favourable circumstances large masses of coral may be produced in
this way. When these masses attain such a size as to be of geographical im-

Fig. 52.—Structure of Coral-reefs. 1. Fringing-reef; 2, Barrier-reef; 3. Atoll: a Sea-
level ; b Coral-reef; ¢ Primitive land; d Portion of sea within the reef, forming a
channel or lagoon.

portance, they are spoken of as *‘ coral-reefs,” and the phenomena exhibited
by these are of such interest as to demand some notice. The coral-producing
polypes require for their existence that the average temperature of the sea
shall not be less during winter than 66°; and there are therefore no coral-reefs
in temperate seas. Reefs, however, abound in all the seas not far removed
from the equator, being found chiefly on the east coast of Africa and the shores
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of Madagasear, in the Red Sea and Persian Gulf, throughout the Indian Ocean
and the whole of the Pacific Archipelago, around the West Indian Tslnnds, and
on the coast of Florida. The headquarters, however, of the r'eef~building

corals may be said to be around the islands and continents of the Pnciﬁo\\

Ocean, where they often form masses of coral many hundreds of miles in
length. According to Darwin, coral-reefs may be distinguished into three
principal forms—viz., Fringing-reefs, Barrier-reefs, and Atolls, distinguisheq
by the following characters :—

1. Fringing-reefs (fig. 52, 1).—These are reefs, usually of a moderate size
which may either surround islands or skirt the shores of continents. Thesé
shore-reefs are not separated from the land by any very deep channel, anq
the sea on their outward margins is not of any great depth.

9. Barrier-reefs (fig. 52, 2).—These, like the preceding, may either encircle
islands or skirt continents. They are distinguished from fringing-reefs by the
fact that they usually occur at much greater distances from the land, that there
intervenes a channel of deep water between them and the shore, and soundings
taken close to their seaward margin indicate considerable depths.

As an example of this class of reefs may be taken the great barrier-reef

y

on the N.E. coast of Australia, the structure of which is on a gigantic scale, .

This reef runs, with a few trifling interraptions, for a distance of more than
a thousand miles, with an average breadth of thirty miles, and an area of
thirty-three thousand square miles, Its average distance from the shore is
between twenty and thirty miles, the depth of the inner channel is from tey
to sixty fathoms, and the sea outside is * profoundly deep” (in some places

over eighteen hundred feet).
3. Alolls (fig. 52, 3).—These are oval or circular reefs of coral enclosing 4

central expanse of water or lagoon. They seldom form complete rings, the
reef being usually breached by one or more openings. They agree in all esse.
tial particulars with those barrier-reefs which surround islands, except that theye

is no central island in the lagoon which they enclose.

The last group of the Zoantharia comprises composite organisimg
in which the ccenosarc is supported upon a central axis or scleyg.
basic skeleton. These Zoantharia sclerobasica require 10 notice
except simply to remark that they ave distinguished from Othex’-
sclerobasic Corals (such as the Gorgonide) by the fact that eac,

'\('

polype possesses tentacles which are a multiple of siz in numlg,. r
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OrpER II. ALCYONARIA.

The second great order of living Actinozoa is distinguished by the
fact that the polypes are furnished with fringed tentacles, and that
these, as well as the mesenteries and somatic chambers, are always
eight in number. With few exceptions, the dleyonaria arve com.
posite, their polypes being connected together by a ccenosare. The
body-cavities of the polypes are connected with a system of com-
municating canals which are excavated in the ceenosare, so that »
free circulation of nutrient fluids is thus kept up. The structure of

F——
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the polypes of the Aleyonaria is, in essential anatomical features, the
same as in the Sea-anemones, but the organism commonly consists
of two sets of polypes, which differ from one another in structure
and in function. A regular coral may or may not be present, and
when present, varies much in its character ; but most Alcyonarians
possess numerous microscopic spicules of lime in their tissues.

Of the various different organisms included under this order, one
of the best known is the ¢ Dead-men’s-fingers,” or dleyonium, which
occurs commonly on both sides of the North Atlantic. Tt forms
spongy-looking masses of a yellow or orange colour, attached to shells
and other marine objects. The whole mass is covered with little
star-shaped apertures, through which the delicate polypes can be

'
¢
: Fig. 53. — Colony of Veretillum Fig. 54.—Pennatula sulcata, seen
cynomorium, of the natural size, from the dorsal side. Slightly
with the polypes protruded. reduced, after Kolliker.

protruded and retracted at will. Another well-known mgmber of
this order—the type of another family—is the “Sea-rod » (Virgularia),
which has the form of a long rod-shaped body of a light flesh colour,
supported upon a calcareous rod (sclerobasis), somewhat like a knit-
ting-needle, which is covered by the ccenosare. From the ceenosarc
are given out lateral processes, each of which bears numerous polypes.
Closely allied to Virgularia is the “Cock’s-comb” (Pennatula) ; but
in this the lower end of the ccenosarc is naked and fleshy (fig. 54),
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and the polype-bearing fringes are considerably longer, giving the
whole organism very much the appearance of a feather. In Vepe-
tillum (fig. 53) the upper part of the colony is short and elub-shaped,
and bears the polypes all round its circamference.

Another family of the Alcyonaria is represented by the so-called
“Organ-pipe corals,” of which Zubipora musica is a well-known ex-
ample (fig. 55). In this there is'a well-developed sclerodermic coral
consisting of numerous cylindrical tubes, which are not divided by
vertical partitions (septa), but which are connected by strong trans-
verse plates. The coral is bright red in colour, and the polypes are
usually bright green. In its minute structure, the corallum is com-
posed of microscopic spicules fused together. '

Fig. 55.—A, Portion of the corallum of Tubipora musica, of the natural size, showirig
the tubular corallites and their connecting floors; B, Polype of the same, greatly
enlarged, showing the mouth and tentacles.

The best known group, however, of the Alcyonaria is that of the
Gorgonide, represented by the Sea-shrubs, Fan-corals, and the Red
Coral of commerce. A few of the members of this family are British,
but they attain their maximum in point of size and numbers in the /
seas of the tropics. In all the Gorgonide the organism consists of. .4
composite structure made up of numerous polypes united by a com- M.
mon flesh or cecenosare (fig. 56, B), the whole supported b banteal
branched axis or coral. The coral varies in composition, being some-
times calcareous—as in Red Cora.l—-—sometim.es horny, and sometimes
partly horny and partly calcareous, as in /sis. In all cases, however,
the corallum differs altogether from the sclerodermic corallum, which
has been described as so characteristic of the reef-building Corals,
The coral in the present instance is always what is called “sclero-
basic ’—that is to say, it always forms an internal axis, covered hy
the coenosare with the polypes produced therefrom. It is therefore
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outside the polypes, and bears to the ccenosarc the same relation that
the trunk of a tree bears to its investing bark. Thisis well shown

~in fig. 56, B, where there is represented one of these sclerobasic corals

in which the corallum consists of a branched horny stem. The
polypes of all the Gorgonide agree, of course, with their order in
having eight tentacles each, and by this they are distinguished from
the few Zoantharia in which there is a sclerobasic coral. The tissues
of the ccenosarc and polypes are usually charged with microscopic
spicules.

The best known of the Gorgonide is the Corallium rubrum, or
“Red Coral” of commerce, which is largely imported from the Medi-
terranean. In this species (fig. 57) there is a bright red, finely

Fig. 56.—A, Portion of a compound selerodermic pornl (Dcmlrophyllxa), showu:.g the
cups (a ) produced by the separate polypes, united b): a common cnlc:n'leousl lnssuc.
B, Portion of & branched sclerobasic Coral (Gorgonm), sl}owmg the. 1ard 'lon}y
skeleton in the centre, surrounded by @ fleshy bark or rind (mostly removed in

the figare), in which the little polypes are embedded.

grooved, calcareous sclerobasis, usually more or less repeatedly
“banched. The corallum i8 invested by a bright red ccenosarc or
bark, which is studded with numerous littl.e apertures. '}‘he pqup?s
can be protruded from these openings at will, and are mxlk-whufz in
colour, with eight fringed tentacles each. The entire ceenosarc 18

excavated into a number of communicating canals, with “jhich. the
cavities of the polypes are connected, the whole system being filled
O
with a nutritive fluid known a8 the “milk. e
Another group of the Aleyonaria. has recently been constisute

! i als belong-
under : Helioporide for the singular stony COra ng
e i formerly believed to belong to the

ing to the genus Heliopords : S
Zoantharia. In this genus, the corallum is compound, and is formed
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of tubular corallites, furnihed with both tabule and radiating septa,
and separated from one another by an assemblage of smaller tabulate

Fig. 57.—Red Coral (Coralliwm rubrum), of the natural size, and a
portion enlarged.

tubes, occupied by rudimentary polypes. Along with the living
Heliopora of the Pacific and Indian Oceans, various ancient corals
(Heliolites, &c.) have been placed.

Orper III. RUGosA.

This order merely requires mention, as almost all, or all, its mem-
bers are extinet, and are therefore only known to us by their hard
parts or skeletons ; while the true characters and limits of the grouy 4
are not completely worked out. They agree with the Zoantharia
sclerodermata, in having a well - developed sclerodermic corallum,
but differ from them in the fact that the septa are typically in four
systems ; and there are generally transverse plates or tabule com-
bined with the vertical plates or septa. On the other hand, they
agree with the dAleyonaria in having their parts in multiples of
four, but differ from them in having a well-developed sclerodermic
corallum in which septa are present. They are chiefly known as
fossils in the older rocks of the earth’s crust, and they have no un-
doubted representatives at the present day.
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OrDER IV. CTENOPHORA.

The fourth and last order of the Aetinozoa is that of the Ctenophora,
comprising a number of free-swimming oceanic creatures, very dif-
ferent in appearance from any of the forms which we have hitherto
been considering, and often placed among the Hydrozoa. They are
all transparent, gelatinous, glassy-looking creatures, which are found
near the surface in the open ocean, swimming rapidly by means of
bands of cilia. The cilia are arranged in a series of transverse ridges,
which are disposed in longitudinal bands, the whole constituting loco-

: .
! Fig, 58, —Adult of Pleurobrachia rhododactyla, in a natural attitude and of the natural

size. (After A. Agassiz.) c¢ One of the ciliated bands or ctenophores; t One of the
tentacles.

motive organs which are known as “ctenophores” (fig. 58, ¢). In

none are there any traces of a corallum or skeleton, and thread-cells,
or cells which represent these, are generally present. As the type
of the order, we may take Pleurobrackia or Cydippe (fig. 58). The
body of Plewrobrachia is transparent, colourless, gelatinous, and
melon-shaped, and exhibits two poles, at one of which is placed th'e
mouth. The globe-like body is divided into a number of crescentic
lobes by eight ciliated bands or ctenophores, which proceed from
near the mouth to near the opposite pole of the body. Besides the
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cilia there are two very lgng and flexible tentacular processes, which
are fringed on one side by smaller secondary branches. The ten-
tacles arise each from a kind of sac, one placed on each side of the
body, and they can be instantaneously and completely retmcted\ :
within these sacs at the will of the animal. The mouth of Plewso- y
brachia opens into a spindle-shaped digestive sac or stomach, which
in turn opens below into a wider and shorter cavity termed the
“funnel ”; from this there proceed in the axis of the body two
small canals, which open at the opposite pole of the body. The
funnel communicates with a complicated system of canals, which
are ciliated internally, and are filled with a nutrient fluid. In the
angle between the two canals which run from the base of the
funnel to the surface is a little vesicle or sac, believed to be a
rudimentary organ of hearing, and placed upon this is a little mass
which is generally believed to be of a nervous nature. The repro-
ductive organs are developed in the walls of the canal-system.

Fig. 59.—Ctenoplora. Cestum Veneris, reduced in size.

The only other form of the Ctenophora which deserves mention is
the “Venus's girdle” (Cestum Veneris), which agrees in essenti».,[‘g.t%\\
with Pleurobrackia, hut is greatly elongated in a direction at right
angles to the alimentary canal, till we have a ribbon-shaped body
produced (fig. 59), four or five feet in length a.nd two or three inches
high. Cestum is not uncommon in the ;}Ie(htermnem.x, and has Fhe
power of phosphorescence, appearing at night as a moving and twist-
ing band of flame.

o
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SUB-KINGDOM III. ECHINODERMATA.

CHAPTER X.
ECHINODERMATA.

Tug Echinodermata may be defined as simple marine organisms,
which are mostly bilaterally symmetrical when young, but which in
the adult condition have this bilateral symmetry more or less exten-
sively masked by a radial (usually pentamerous) arrangement of
their parts. An alimentary canal, with or without a distinet anus,
and separate from the proper body-cavity is present. A system of
water-vessels, often. communicating directly with the exterior, and gen-
erally connected with protrusible tubes (“ feet "), is present. The nervous
system is radiate, consisting of an wsophageal ring and radiating
branches. The integument is characteristically hardened, by the deposi-
tion in it of carbonate of lime in the form of plates, granules, or spicules.
The members of this sub-kingdom are popularly known as Sea-
urchins, Star-fishes, Brittle-stars, Teather-stars, Sea-cucumbers, &e.,
and derive their name of Echinodermata (Gr. echinos, a hedgehog ;
and derma, skin) from the generally prickly nature of their integu-
ments. In all, the skin is possessed of the power of secreting
__carbonate of lime, but in very different degrees. In the Sea-
| urchins this goes so far that the body becomes enclosed in a kind
2of box, composed of numerous calcareous plates firmly jointed to-
gether. In the Star-fishes and their allies the skin is rendered
prickly by grains, tubercles, or spines of ca}careous nm'tter, and the
body is either destitute of regular pla_tes or is only partially elfclosed
by them. In the Sea-cucumbers, again, the calca.reous maf.ter is only
present in the form of minute grains scz%ttgred in the. gkin. When
adult, they all show a more oF less distinctly radiate structure,
which is most conspicuous in the star-shaped Star-fishes and Sand-
stars, but can be detected in all the metm:bers of .the clas‘s‘. .Wheu
young, however, they almost always exhlbxi:, w.hat. is called “ bilateral
symmetry "—that is to say, they show similar parts on the two
G
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sides of the body. In ll Echinoderms there is a water-vascular
system of tubes, which is termed the “ambulacral system,” which
generally communicates with the exterior, and which in most cases.
1s used in locomotion. An alimentary canal is always present, and is ™\
always completely shut off from the general cavity of the body. There
are always distinct organs of reproduction, which are almost always
Placed in different individuals, so that the sexes are distinct. The ner-
Vvous system is in the form of a ring surrounding the gullet and send-
ing branches in a radiating manner to different parts of the body.

One of the most characteristic points about the Echinoderms is
their mode of development. In most cases, namely, the embryo is
a little oval body covered all over with cilia ; but in the course of
growth the cilin become restricted to transverse bands or to definite
outgrowths of the body. The embryo is now often somewhat coni-
cal or pyramidal in shape, with long projecting processes, and may
be supported by a provisional internal skeleton (fig. 60). An ali-

v

|

|

Fig. 60.—Larva of Echinus. (After J. Miiller.) A, A, Front arms with their im,.%k
skeleton; F, F, Arms of the mouth-process; B, Posterior side-arms: a Moudis -~
« (Bsophagus ; b Stomach ; o' Intestine; d Ciliated bands; f f Ciliated epaulets ;

¢ Disc of the future Echinus.

mentary canal with a distinet mouth and anus is present, and the
embryo is thus divided into two bilaterally symmetrical halves,
This singular embryo was originally described, in the case of the
Sea-urchins, as an independent animal, under the name of “ Pluteys.”
The special peculiarity of the further development of the embryy is
that the adult animal is ultimately developed out of a mass of active,
growing protoplasm which appears on one side of the stomach of
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the Pluteus, and finally envelops that organ; while a new mouth is
formed, and a large part of the provisional embryo is absorbed.
The adult further produces a fresh skeleton for itself, and now
exhibits conspicuous radial symmetry.

The Zclhinodermata ave divided into seven orders, as follows :—

1. Eckinoidea (Sea-urchins).

Asteroidea (Star-fishes).

Opliuroidea (Sand-stars and Brittle-stars).
Crinoidea (Feather-stars).

. Cystoidea (extinct).

. Dlastoidea (extinct).

. Holothuroidea (Sea-cucumbers).

MO PR

ORrRDER I. ECHINOIDEA.

The animals included in this order vary from the shape of a sphere
or globe to that of a disc, and they are all commonly known as “ Sea-
urchins ” or “Sea-eggs.” They are all characterised by the fact that
the body is encased in a “test” or “shell” (fig. 61) composed of
numerous caleareous plates, usually immovably jointed together so
as to form a kind of box. The intestine is convoluted, and there is
a distinct vent, or anal aperture.

The test of a Sea-urchin, as just said, consists of many calcareous
plates accurately fitted together, and united by their edges, or, in a
few cases, overlapping one another. In all living forms the test is
composed of ten zones of plates, each zone consisting of a double
row. In five of these zones (fig. 61, A, 7) the plates are of large
size, and are perforated by no apertures. These are termed the
“interambulacral areas.” “In the other five zones (fig. 61, A, a) the
plates are of small size, and are perforated by little apertures for
the emission of delicate locomotive suctorial tubes (the so-called

/‘A“ambulacml tube-feet”). These zones are therefore called the

“ambulacral areas.” Besides these main rows of plates, which
collectively make up the greater part of the test, there are other
plates placed in the leathery skin round the mouth and vent. The
most important of these form a kind of disc, which is placed at the
summit of the shell. This disc (fig. 61) is composed of two sets of
plates—one called the “genital plates,” perforated for the ducts of
the reproductive organs ; the other set smaller, carrying each a little
“eye,” and known by the name of “ocular plates.” One of the
genital plates is also larger than the others, and carries a spongy mass
which is called the “ madreporiform tubercle,” and which protects the
entrance of the water-vascular or ambulacral system. The whole of
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the test is covered with nvmerous tubercles of different sizes, which
carry longer or shorter spines (fig. 61, E). The spines are jointed to
the tubercle by a sort of “ball-and-socket” or “universal” joint,
and they are completely under the control of the animal, so as to be
used both in locomotion and apparently as defensive weapons. In
most of our British species the spines are short, but in many tropical
forms they attain a very great length. Besides the spines, the outer

Fig. 61.—Morphology of Echinoidea. A, Young specimen of Strongylocentrotus Dri-
bachiensis, viewed from above; B, Small portion of the test of the same, magnified ;
C, Summit of the test of Echinus spheera, magnified; D, Clypeaster subidepressus,
viewed from above, showing the petaloid ambulacra ; E, Spine of Porocidaris puy-.
purata; ¥, Pedicellaria of Tozopneustes lividus. @@ Ambulaeral areas; i { Inop.
ambulaeral areas; y Genital plate; o Ocular plate; m Madreporiform tubercla.
Membrane surrounding the anus. (Figs. A, B, and D are after A. Agassiz.) ‘&L:\

™\

¥

A

surface of the test is furnished with curious little bodies called
“ pedicellarie ” (fig. 61, I), which were long believed to be parasitic.
They consist of two or three blades mounted upon a flexible stalk,
and constantly employed in snapping together like the beak of a bird,
They occur in many other Echinodermata, and their use is obscure,
Locomotion is effected in the Sea-urchins by a curious system of
contractile tubes which are known as the “ambulacral tubes” o
“tube-feet,” and which are appendages of the water-vascular systen,
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The following is essentially the arrangeméht of the whole aquiferous
system (see fig. 62). From the madreporiform tubercle on the
largest of the genital plates there proceeds a membranous canal, the
“sand-canal” (s), by which the outer water is conducted to a central

tube (7), which forms a ring
round the gullet. The tu-
bercle is spongy, and is per-
forated with little holes, and
its function is probably to
act as a filter, and prevent
foreign particles gaining ac-
cess to the interior. The
“circular canal” carries five
little bladders of unknown
function, termed the “ Polian
vesicles” (p). From the
¢ cireular canal” round the
gullet proceed also five “ra-
diating canals” which take
their course towards the
summit of the shell, under-
neath the ambulacral areas
(). Inits course each radi-
ating canal gives off numer-
ous short lateral tubes (¢)—
the ambulacral tubes or tube-
feet—which gain the exte-
rior of the shell by passing
through the apertures in the
ambulacral plates of the shell,
and which terminate in little
sucking-discs. The tube-feet
can be distended with water
by means of a series of little
muscular bladders or “am-
pulle” (») placed at their
bases, and they can thus be
thrust far out beyond the
shell, into which they can be

Fig. 62.—Diagram of the ambulacral system of
Echinus, m Madreporiform tubercle ; s Stone-
canal ; r Central asophageal ring’; p p Polian
vesicles; @ @ Radiating ambulacral vessels.
Only the bases of four of the radiating vessels
are shown; and a few of the tube-feet (1),
with their secondary vesicles or ““ampulle”
(v), are shown on one side of one of the radiat-
ing canals.

again withdrawn at the will of the animal. However long the
spines may be, the animal can protrude the tube-feet to a still
greater length ; and by the combined action of the little suckers
at their extremities locomotion is effected with moderate rapidity,
considering the bulk of the body.

o
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The digestive system 'in Eekinus consists of a mouth armed
with a curious apparatus of calcareous teeth, which opens into a

gullet, which in turn conducts to a long intestinal tube. The *

teeth form a singular pyramidal structure known as “ Aristotle’s
lantern” ; but many Sea - urchins are without teeth. The long
and convoluted intestine is attached to the interior of the shell
by a delicate membrane or “mesentery,” and terminates in a dis-
tinet vent. The surface of the mesentery, as well as that of the
lining membrane of the shell, is richly ciliated, and thus serves to
distribute the fluid which fills the general cavity of the body, and

Fig. 63.—Cidaris papillata. (After Gosse.)

which corresponds with the blood, to all parts of the body. It is
doubtful if any true blood-system is present, but there is present
a system of tubes, of which the principal portion is a long fusi-
form vessel running parallel with the sand-canal, and which have
been regarded as blood-vessels. The nervous system consists of g

"

»,‘

gangliated cord placed round the gullet, and sending five radiatine |
branches along the ambulacral areas. The two sexes are distinct, f)ﬁt\,é\ p

in both the reproductive organs are in the form of five membranous
sacs placed in a radiating manner in the interambulacral areas, and
opening ‘at the genital plates. '
The majority of the Sea-urchins are found at moderate depths in
the sea, especially in the neighbourhood of 0}'Ster-ba'nk5, Others
spend their existence buried in the sand ; and one species excavates
holes for itself in the solid l'ock’ ;\pp;u'ently by some nlec‘l(lllical

action.



¢

ECHINODERMATA. ¢ 103

L
OrpeER II. ASTEROIDEA.

As the structure of the Sea-urchins may be taken as embodying
the most important anatomical peculiarvities of the Echinodermata,
and as this has been described at some length, it will not be neces-
sary to do more than briefly indicate the more important character-
istics of the remaining orders. In the present order are included
all the true Star-fishes ; the Sand-stars and Brittle-stars being now
vegarded as a distinet group. The body in all the Asteroidea is

Fig. 64.—The Common Star-fish (Uraster rubens), natural size, viewed fro'fu}nbovc.

more or less obviously star-shaped (fig. 64), consisting of a central
disc surrounded by five or more lobes or arms, which radiate from
the body, are hollow, and contain prolongations from the stomach.
The body is not enclosed in an immovable box or test, as in the
Sea-urching, but the intecument is of a leathery nature, and is
richly furnished with calcareous plates, tubercles, and spines. The
true Star-fishes are distinguished from the nearly allied Brittle-stars
(Ophiuroidea) by the fact that the arms or “rays” are direct pro-
longations of the body, that they contain prolongations of the

S
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stomach, and that they aré deeply grooved on their under surfaces
for the radiating vessels of the water-vascular system, which are
further protected by a sort of internal skeleton. The upper surface -
of the body and arms is richly furnished with calcareous matter, in
the form of prickles, tubercles, spines, and pedicellarie, these last
being peculiarly modified spines. The upper surface, also, exhibits
the madreporiform tubercle in the form of a concentrically striated
disc placed at the angle between two of the rays; and also the
aperture of the anus, when this is present. The mouth is placed
in the centre of the lower surface, and is not furnished with
teeth. It leads into a pouched stomach and very short intestine,
which usually terminates on the upper surface by an anal aper-
ture; but the anus is occasionally wanting. From the upper
end of the stomach in all the Asteroidea proceeds a series of
much - branched membranous sacs, two of which are prolonged
into each ray. These sacs are of a brown or greenish colour, and-

are often called the ¢ hepatic ceca,” as they are supposed to corre- \‘f/ﬂ'
PP

spond with the liver. The water-vascular or ambulacral system is
in most essential respects identical in structure with that of the Sea-
urchins, making due allowance for the different shape of the hody.
The madreporic plate leads into a short sand-canal, which opens
into a circular ring round the gullet. The circular ring carries
Polian vesicles, and gives off the radiating ambulacral vessels, one
of which is prolonged to the extremity of each ray, running at the
bottom of the deep ambulacral groove on the under surface of the
arms. The ambulacral groove is formed by a double row of cal-
careous plates (the “ambulacral ossicles”), and the radiating ambu-
lacral vessel with its tube-feet lies underneath these plates. On the
other hand, the “ampulle,” or little bladders which distend the
tube-feet, are situated above the ambulacral ossicles, and therefore
in the interior of the arm ; and the ampulle become connected with
their respective tube-feet by passing through a series of pores
formed between successive pairs of ambulacral ossicles. The ney. |

vous system consists of a gangliated ring surrounding the mouth am;:%\

sending'branches along each of the arms. The reproductive organs,

like the nervous system, exhibit a radiate condition, being arranged
.. 3

i irs in each ray.

mr{v)ﬁ:-ss'mr_ﬁshes ):'u'e found on almost all shores', but many.forms
erly inhabitants of deep water. Th?y differ much in the
general shape of the body. In the common Crogs-ﬁshes (U"a“‘"‘_ or
Asterias) the disc is small, and is furnished with long t.inger-hke
rays, which are properly five in number. In the Cribellee the
general shape is much the same. In the Sun-stars (Solaster) the
disc is large and well marked, and the rays are from twelve to fif-

*
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teen in number, and shorter than the disineter of the disc. In the
Cushion-stars (Goniaster) the body is in the form of a five-angled
disc, more or less flattened on both sides, the rays being only
marked out by the ambulacral grooves upon the lower surface.

Orper III. OPHIUROIDEA.

This order comprises the common Brittle-stars and Sand-stars
(Ophioglypha, Ophiura, Ophiothriz, Ophiocoma, &e.) The. body in

Fig. 65.—Ophiuroidea. Ophioglypha lacertosa : A, Outline, of the x'mmrl'll size; B,
The dise viewed from above, twice the natural size; C, The dxsj: viewed 'from
below, showing the mouth and genital fissures, twice the natural size. (Original.)

A the Ophiuroidea consists of a circular central disc covered with small
calcareous plates, and giving off five long slender arms (fig. 65),
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which may be simple or branched, but which do not contain any
prolongations from the stomach, nor have their under surfaces
excavated into grooves for the protrusion of ambulacral tube-feet.
The arms, in fact, are not prolongations or lobes derived from the
body itself, but are special appendages added for purposes of loco-
motion and prehension. The arms are very much longer than the
diameter of the disc, and are protected by four rows of calcareous
plates—one above, one below, and one on each side. In the centre
of each arm is a row of calcareous pieces which form a kind of
internal axis or skeleton, below which is placed the radiating
ambulacral vessel. The main internal organs are contained within
the disc, and none of them pass into the arms except the nerve-
cords and ambulacral vessels. The mouth is placed in the centre of
the under surface of the disc, and opens into a globular, simple
stomach, which is not furnished with an anal aperture, all indigest-

ible particles being got rid of through the mouth. In various -

points of their anatomy the Ophiuroidea differ considerably from the
true Star-fishes, to which they are most nearly related, but these
differences do not require further notice.

The habits of the Brittle-stars and Sand-stars are various, but
many of them may be found in rock-pools or under stones at low
water on most shores. One of the most remarkable types is the
Medusa-head Star, in which the arms are divided from the base,
first dichotomously and then into many branches.

OrpER IV. CRINOIDEA.

In this order are comprised Lchinodermata, in which the body is
fixed, during the whole or a portion of the existence of the animal,
to submarine objects by means of a jointed flexible stalk or column.
The Crinvidea were formerly very numerous, both individually and
in types, but they are represented at the present day by but a small
number of living forms, of which one group only (viz, that of the

Feather-stars) is at all of common occurrence. The body in th@é\

Crinoids consists of a central disc or cup formed of calcareous plates,
and protecting the body of the animal. From the margins of this
cup spring five or more arms which are arranged in a radiating
manner, so as to form a more or less fea.theryr crown. In one of the
living groups (Comatula or Antedon), the an.lmal, when full' grown,
is free ; but in all other living types, and in the gr}a.mt majority of
fossil forms, the body was attached throughout life to the sea-
bottom by means of a jointed stalk fixed to the lower surface of the
cup (fig. 67).

The commonest living group is that of the Feather-stars (Comatul

o
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or Antedon), species of which are found in*almost all seas. In this
group the organism consists of a centralZbody or disc, from which
proceed five radiating arms, which divide almost directly after their
origin into two secondary branches, so that ultimately there are
produced ten long and slender rays. Each arm is furnished on
both sides with a number of little jointed lateral processes or
“pinnee,” so as to assume a feather-like appearance, from which its

S A AT

Fig. 66.—Crinoidea, Comatula rosacea, free Crinoid, viewed from its dorsal
or aboral aspect.

popular name is derived (fig. 66). The digestive system is furnished
with both a mouth and a vent; the water-vascular or ambulnc‘ml
system appears to take no part in locomotion, and the reproductive
organs are lodged in the lateral processes of the arms. The most
remarkable point, however, about a Feather-star, is the manner in
which development takes place. When fully grown (fig. 66') it pre-
sents no small superficial resemblance to some of the Opliwroidea.
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‘When young, the Comatufa is so different in appearance from the
adult, that it was originally described as a distinet animal. It con-
sists now of a little cup-shaped dise with ten radiating arms above,
produced by the splitting into ..
two of five primary rays, and
furnished inferiorly with a !
little flexible column or stalk
composed of a number of cal-
careous joints. By this jointed
stem the body is at this period
of life fixed to sea-weeds
or other submarine objects.
When sufficiently mature,
however, the body drops off
its stalk, and then only re-
quires to grow in size to-
become a fully developed
Comatula. /
The stalked condition which
we have just seen to constitute
a merely temporary stage in
the life-history of Comatula
is, on the other hand, the per-
manent state of partsin all the
“Stone - lilies” and in most
other fossil Crinoidea, and in
a few living forms. Of the
living stalked Crinoids the
ones with which naturalists
(it have been longest acquainted
are the species of Pentacrinus,
from the seas of the West
Indies. Recently a number of |
stalked Crinoids have he -«'-4\
obtained from great depths in
R AR the sea, showing that these
o o — Al 0, i iv 1 3 < 1V
l:‘ftnlk‘ed Cri:oi:;r (after W:'\:i,;‘;;s'ﬂ?onll:cj:)g. bl .type? Stl]l. b.u r-vn ©
four times the natural size. « Stem; b though in much diminished
Cup; ¢c Arms. numbers. One of the most
interesting of these deep-sea
Crinoids is the little RAizocrinus lofotensis (fig. 67), which seems
to be distributed over the whole of the deeper portions of the
North Atlantic.

/
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OrDERS V. AND VI. CYSTOIDEA AND BLASTOIDEA.

q{ . These orders merely require to be mentioned here, as all the forms
included in them are extinct, and are unrepresented at the present
day by living species. In both, the body is enclosed in a kind of
box formed by jointed calcareous plates, and it was in most cases
permanently fixed to the sea-bottom by a jointed stalk or column.
The arms, which form so conspicuous a feature in the true Crinoidea,
were either absent or very rudimentary. Both orders are in many
respects closely allied to the Crinoidea, and they constitute prob-
ably the least highly developed sections of the whole class of the
LEehinodermata.

OrpeErR VII. HOLOTHUROIDEA.

Y Tn this order are comprised the highest of the Eckinodermata, all
very different in outward appearance from any of the forms we have
hitherto considered. They are commonly known as Sea-cucumbers
or Trepangs, but, except in warm seas, they are rare and inconspicu-
ous animals at the best. They are all more or less worm-shaped or
snail-like in form, and they are not provided with any regular shell.
The skin is leathery, and generally contains calcareous matter in the
form of microscopic plates or spicules, or more rarely in the form of
larger overlapping plates. The body is capable of great (fh:mges. of
form in the way of extension or contraction, being provided with
exceedingly powerful longitudinal and transverse muscles. Loco-
motion is effected by the alternate extension and con‘tractlon of the
vermiform body, or by rows of ambulacral tube-feet, like those of the
Sea-urchins, protruded through the integument. Typically, the tul.Je-
feet are arranged in five longitudinal zones, as in the Sea-urchins
(fig. 68) ; but, in other cases, the tube-feet are irregularly distributed
)°"er the whole body, and in a few cases they are emitted from the
“O%er surface of the body alone. In some forms (Synapte), there
are no tube-feet, and locomotion is effected by numerous minute
anchor-shaped spicules of lime, attached to plates sunk in the skin
(fig. 70). The water-vascular or ambulacral system is sometimes
quite rudimentary, but in other cases its internal arrangement much
resembles that of the Sea-urchins, except that the madreporiform
tubercle is not placed on the outside of the body, but hangs down
freely in the interior of the body. The circular cesophageal ring carries
generally one very long Polian vesicle (fig. 69, p) ; and the tube-feet
areé provided with “ampulle.” The mouth is situated at the anterior
end of the body, and is provided with a crown of branched tentacles
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(fig. 68). It opens into a,long convoluted digestive tube, which is
attached to the body-walls by a delicate mesentery, and terminates

in a large muscular chamber or. “cloaca” (fig. 69), which in turn
communicates with the exterior by the anal aperture. Springing N
from the _‘%;Ioaca in many Holothurians are two much-branched tubes, ?’

S S
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WAL DIFND 53

Fig. 68, — Cucumuria frondosa, Fig. 690.—IHolothuroidea. Semi-diagrammatic }
showing the crown of feathery longitudinal section of a Holothurian.,
tentacles round the mouth Tentaeles ; v Caleareous ring at the base_ '-J(
and the rows of tube-fect. the tentacles; p Polian vesicle; s Sanad .

canal; tii Alimentary canal; g Duct of
the reproductive organs; el Cloaea; @ Anus;
11 Respiratory tree.

which run forward towards the anterior end of the body, and which
are filled with sea-water from the exterior. These tubes seemingly
act as respiratory organs, and are usually spoken of as the “respira-
tory tree” (fig. 69, £{). The Holothurians have a nearly world-wide
distribution, and ave found from between tide-marks up to great
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depths in the sea. Many of the deep-sea forms exhibit singular
modifications of structure. Some Holothurians (e.g., Synapta) bur-
row in sand or mud ; others are free. Many attain a considerable
. >
size. ’

=
'

\°g

Fig. 70.—Anchor-shaped spicules of
Synapta, and the plates to which
these are attached. Magnified
greatly.
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SUB-KINGDOM IV. ANNULOSA.

CHAPTER XL

GENERAL CHARACTERS OF THE ANNULOSA— DIVISIONS OF THE
ANNULOSA—CHARACTERS AND ORDERS OF THE SCOLECIDA.

-

TuE Annulose animals are characterised by the possession of

usually more or less elongated body, which is bilaterally symmetrical, \\?‘;

instead of being radially disposed. Commonly the body is divided into
similar segments, which may be definite or indefinite, and are arranged
along an antero-posterior axis. Lateral appendages may be present or
absent, and when present are bilaterally disposed. A nervous system
is present, and consists of one or two ganglia placed in the anterior
part of the body, or of a ventrally placed double gangliated chain.

The sub-kingdom Annulosa may be divided into the following
three primary sections, each of which admits of sufficiently definite
characterisation :—

I. SconecipA.—This division includes the parasitic Worms (Zn-
tozoa), the Wheel-animalcules, and some allied forms, and is char-
acterised by the fact that the body is flattened, and either unseg-
mented or imperfectly segmented, though the integument may he
annulated. A water-vascular system is present, but the water-
vessels are not concerned with locomotion. There is no true blood-
system ; and the nervous system consists of one or two cephaljs

ganglia, and never has the form of a gangliated ventral chain. La™ =)..

eral appendages are almost universally wanting.

II. ANARTHROPODA.—This division includes the Spoon-worms
(Gephyrea) and the Ringed Worms (dnnelida), and is characterised
by the fact that the body is composed of a number (often indefinite)
of similar or nearly similar segments arranged longitudinally. A
¢ pseudohzemal ” system of vessels is generally present. The nervous
system is placed ventrally, and consists typically of a double chain
of ganglia, united by longitudinal commissures, and forming an
wsophageal collar. Cilia are generally developed. Lateral locomo-

o
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lated to the body.

. IIL Awrrmroropna.—This division includes the Crustaceans (Crus-
tacew), the Spiders, Scorpions, &e. (dracknida), the Centipedes and
their allies (Myriapoda), and the Insects ([nsecta). The body (fig.
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tive appendages are usually present, but are never jointed or articu-
. 71) is composed of a series (usually definite) of distinct rings or

g Gullet; sg Salivary gland; s Stomach; f Tubes supposed to represent the kid-
neys; i Intestine; ¢ Chamber (cloaca) into which the intestine opens; v Vent;
I Heart ; n Nervous system ; 7 Bases of the legs.

. Fig. 71.—Diagram of the anatomy of an Insect. an Antennm; ¢ Eye; m Mouth;

“somites,” arranged along a longitudinal axis. A true blood-vas-
cular system is normally present, and the heart is placed dorsally.
The nervous system consists primitively of a double chain of ganglia,
placed ventrally, and traversed anteriorly by the cesophagus. Limbs
are almost always present, and are jointed and articulated to the
body. The integument is more or less extensively hardened by
' the deposition in it of chitine, with or without salts of lime ; and
’ ciliated epithelium is not developed.

SCOLECIDA.

’ A The Scolecida ave characterised, as compared with the-higher
Annulose Animals, by their unsegmented or imperfectly segmented
bordies ; by the general absence of lateral appendages ; by the posses-
sion of branched water-vessels, filled with a watery fluid, and wsually
communicating with the exterior; and by the fact that the nervous

system consists of one or two ganglia situated in the anterior part of

the body.

A large number of the Scolecids are internal parasites, and are
commonly known by the name of Zntozon. Many forms, how-
ever, lead a permanently free existence. The Scolecida are often
divided into two great sections—viz,, (1) the Platyelmia or Flat-
worms, including the Tape-worms (Zwniada), the TFluke - worms
| (Zrematoda), and the Turbellarian Worms ; and (2) the Nematelmia
J II
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or Round Worms, comprising the Thorn-headed Worms (Acantlo-
cephala), the Hair-worms (Gordiacea), and the typical Round-worms
and Thread-worms (Nematoidea). A third division must be con--.

stituted for the reception of the Wheel-animalcules (Rotiferc). \
v ©  SECTION A. PLATYELMIA.

1
: ' 4+ Orper I. TiEN1ADA.

This drder comprises the singular animals known as Tapeworms,
all of which are found living as®parasites within the alimentary
canal of other animals ; the young (often called “ Cystic worms” or
“ Bladder-worms ) being also parasitic, but usually inhabiting the
solid ti:gyes. As a general rule, the adult tapeworm inhabits the
alimentary canal of an individual of some one species of the higher
animals ; while the young of the same tapeworm inhabits the tissues \/
of an individual belonging to some other species of animal. As a
rule, therefore, each tapeworm is, at different times of its life,
parasitically related to two different animals, belonging generally
to different species. In its early stages each tapeworm inhabits
the tissues of what may be called its “intermediate bearer,” while
in its adult condition it inhabits the intestine of what we may term
its “final host.” As a rule, the “intermédiate bearer” and the
“final host” are not only different individuals, but they belong to
different kinds of animals—the two, however, being so far related
to each other that the “intermediate beaver” is liable to be eaten
by the “final host.”

Many animals are infested by tapeworms ; but all the leading
points of interest in the order will be brought out by a considera-
tion of one of the commonest of the tapeworms to which man is
subject—namely, the Pork-tapeworm, or Z@nia solium. The Pork-
tapeworm is found inhabiting the intestines of man, one only bein
generally present in the same individual. In shape (fig. 72) it is me A
extremely elongated, flattened, tape-like body, many feet in lengthi ™ >
and composed of a number of flattened joints all loosely united to
one another. At one extremity the joints, technically called the
“ proglottides,” become much smaller and narrower, till ultimately
a point is reached where the oi-ganism is firmly fixed to the mucous
membrane of the intestine by means of a minute rounded head (fig.
72, @). The organs by which attachment is effected are, in this
species, a crown of recurved hooks and four suckers. In other
types only the suckers are present (fig. 73, ¢). The head is in reality
the true animal, and all the long, jointed, tape-like body which
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follows this is really produced by a profess of budding from the
head. The head contains no reproductive organs, and is not fur-
nished with a mouth or digestive organs of any kind, its nutrition

Fig. 72.—A, T.a:nia solium, of the natural size: a “ Head” or “nurse;” b One of the
proglottides from the sexually mature part of the worm. B, A single mature pro-
glottis of the same, showing the genital pore (p) and the branched uterus ().

being entirely effected by imbibition of the nutritive fluids elnbor:.lted
Y its host. A nervouns system, in the form of two ganglia, united
by a transverse commissure, and sending filaments backwards, is

L4
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present. The water-vasclilar system consists of two long vessels
which run down each side of the body and communicate at each
articulation by a transverse vessel, the whole opening in the last .
joint into a contractile vesicle. Each joint, or “ proglottis,” is sexu-
ally perfect, or hermaphrodite, containing both male and female
reproductive organs, which open on the surface by a small raised
aperture, the “generative pore” (fig. 73, 4). Almost the whole of
each of the mature joints is filled up by a much-branched uterus,
As the head is the true animal, and the numerous joints ave only
produced by budding, it follows that the entire organism is to be
regarded as a kind of colony, constituted by a single sexless zovid

Fig. 78.—Morphology of Te@niade. « Head and a few following segments of Tania
mediocanellata; b A few segments of the same further removed from the head ;
¢ and d Segments progressively further removed from the head,—all of the natural
size; ¢ Head of the same, enlarged ; & A single proglottis of the same, with its
branched uterus and lateral genital pore, enlarged two diameters ; f Embryo of
Teamia bacillaris, with six hooklets ; g Cysticercus cellulosee, the * eystic” young of
Tenia solium, with its hooklets and suckers, its wrinkled neck, and its caudal
vesicle, enlarged.  (After Lenckart, Van Beneden, and Weinland.)

or “nurse” and numerous sexual zovids, produced by budding frc,@
the former. -
The process of development—that is to say, the process by which
this composite organism, commonly known as the tapeworm, is pro-
duced—is a very remarkable one, and is briefly as follows : Each
generative segment or joint, as already said, is hermaphrodite, and
contains innumerable ova. These eggs, however, cannot be de-
veloped within the body of the animal infested by the tapeworm
itself, but they are compelled to gain access to the body of some
different species of animal, if development is to proceed. To secure
this end, the mature joints of the colony break off, and are expelled

o
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from the alimentary canal of the host. Ehe joints thus expelled die
and decompose, and their contained eggs are thus set free. Each
egg is covered with a little leathery capsule which protects it from
injury, and contains a minute embryo in its interior. If this micro-
scopically small egg be swallowed—as in many ways it easily may
be-——Dy another warm-blooded animal (in this particular case by the
Pig), then a fresh series of changes ensues. The leathery case of the
ovum is dissolved in the stomach of the new host, and the embryo,
or “pro-scolex ” (fig. 73, 1), is set free, when it hores its way through
the walls of the stomach by means of little hooks or spines with
which it is provided. Having reached a suitable locality, the young
tapeworm proceeds to surround itself with a kind of cyst, and it
develops from its hinder end a kind of bladder or vesicle filled with
a clear watery fluid. The young tapeworm is now what is techni-
cally called a “scolex,” and it constitutes what used to be termed
a “Cystic Worm” (fig. 73, g). It consists not only of the caudal
bladder, but also of a short neck carrying an oval “head,” which
is furnished with four suckers and a little crown of hooklets. The
“scolex ” of the Zenia soliwm is generally about a fourth of an inch
in length, and is found embedded in the muscles of the pig, when
the pork is said to be “measly.” When first discovered, the young
tapeworm was regarded as a distinct species of worm, and was
deseribed under the name of Cysticercus cellulose (fig. 73, g)- In
this cystic stage the young tapeworm may remain for an apparently
indefinite period, being quite incapable of developing eggs. For its
further development it is necessary that it should now be introduced
into the alimentary canal of man. If a portion of measly pork be
eaten, with these cystic worms embedded in it, then the young tape-
worm is liberated from its cyst: it fixes itself by means of its
suckers and hooklets to the mucous membrane of the intestine, and
its caudal bladder drops off. It is now converted into the head of
the adult tapeworm. It finally commences to throw out buds from
its hinder extremity, and in these buds or joints the reproductive

“elsments are produced, so that ultimately we get the long flattened

jointed colony with which we started.

A like extraordinary series of phenomena is now known to occwr
in other cases, but these can be merely alluded to here. Thus,
another of the common tapeworms of man—viz., the Beef-tapeworm
(ZTenia mediocanellata)—lives as a “scolex” or “ cystic worm ”in the
muscles of the ox. The tapeworm of the cat (Zw@nic crassicollis)
spends its “ cystic” stage in the tissues of the mouse. One of the
tapeworms of the dog (viz, T@nia serrata) inhabits in its early life
the bodies of haves and rabbits. Another tapeworm of the dog (viz.,
Tenia canurus) is found as a  eystic worm ” inhabiting the brain of
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the sheep, in which animal it produces the disease known as the
“staggers.” Lastly, another curious tapeworm of the dog (viz., the

Tenia echinococcus) lives,in its young stages in the human body, _

giving rise to what are known as “ hydatid tumours.” The adult
tapeworm of this species is only about a quarter of an inch in length,
and consists only of three joints besides the head. The so-called
“hydatid tumour” consists of one or more bladder-like tumours,
varying greatly in size, embedded in the liver, lungs, brain, or other
solid organ of the human body. The bladder is filled with a watery
fluid, and its inner surface carries a vast number of little buds,
which are mostly similar in structure to an ordinary “ cystic worm.”
Similar little ¢ cystic worms” are often found floating in the fluid
itself, and are commonly spoken of as * Fehinococer.” In reality, the
“hydatid tumour” is the result of the development of the young or
“scolex” of the Twnia echinococcus of the dog. In this particular

case the “scolex,” or young tapeworm, has the power of throwing_

out buds, and thus of forming a composite organism or colony.
Hence, in this case, instead of remaining harmlessly embedded in
the tissues, as is usual among the young of the tapeworms, the
“scolex” goes on constantly growing and increasing in size, by
the production of new buds in its interior. For this reason, also,
* hydatid tumours” usually give rise to serious or fatal results by
the pressure” which they exert upon the tissues or organs amongst
which they lie.

OrpER II. TREMATODA,

The “suctorial ” worms, or “flukes,” as the members of this order
are commonly called, are internal parasites, inhabiting various situa-
tions in different animals, but especially affecting birds and fishes.
They are almost all more or less flattened and leaf-like in shape,
and are furnished with one or more ventral suckers, by which they
adhere, They are distinguished from the ZT@niada by always pos.

»

sessing an alimentary canal, which is often much branched, ml(l_/‘{'
which is simply hollowed out of the tissues of the body. No anat™ -

opening is present ; and there is no body-cavity. The integument
is not ciliated, and the sexes are generally united.

The best known of the Trematode worms is the common Liver-
fluke (Distoma hepaticum) which inbabits the gall-Dbladder and
bile-ducts of the sheep and other domestic animals, and sometimes
occurs in the same situation in man.. In the sheep it gives rise
to the prevalent and often fatal disease known as the “rot.” In
Distoma hepaticum, or in such a form as Distoma lanceolatum (fig,
74), the body is ovate and leaf-like, half an inch or more in length,

\.
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and furnished with two ventral suckerss One of these is placed

anteriorly (fig. 74, @ «), and is perforated
by the aperture of the mouth. The hin-
der sucker (¢p) is imperforate, and is the
main organ of adhesion. Between the
two suckers are the openings of the male
and female organs of reproduction (c).
The mouth opens into a short gullet,
which divides into two primary branches
which are continued backwards. In
Distoma lanceolatum, the divisions of the
intestine are simple (fig. 74, 7), but in
D. hepaticum they arve furnished with
numerous secondary lateral branches.
Dorsally is placed a more or less complex
system of water-vessels, which open pos-
teriorly by a caudal pore (fig. 74, p),
and ave filled with a watery fluid. The
nervous system consists of a pair of
cephalic ganglia, giving off branches
backwards. A large portion of the body
is further occupied by the very com-
plicated reproductive organs, the animal
being hermaphrodite.

Most Trematode worms pass through
a remarkable series of changes, usually
accompanied by migrations, in their
earlier stages ; but these changes are in
many cases only imperfectly known. In
the case of the common Liver-fluke
(Distoma, hepaticwm), the eggs are ex-
pelled from the intestine of the sheep
Which is infected by the adult worm,

“4nd give exit to a little ciliated embryo,

which swims about actively in water.
This bores its way ultimately into the
tissues of a particular kind of Water-
snail (Limnea truncatula), where it be-
comes encysted. It then passes through
a series of extraordinary changes, which
cannot be described here, the ultimate
result of which is the production of a

Fig. 74.—A Trematode Worm
(Distoma lanceolatim), enlarg-
ed. @ a Anterior sucker, with
the mouth at its bottom ; ap
Posterior sucker; o Gullet,
dividing behind into the two
branches of the intestine,
which are unbranched, and
terminate behind - in  Dblind
extremities (ii); » External
opening of the water-vessels,
which divide above so as to
cross the blind ends of the in-
testine. The remaining letters
refer to the different parts of
the reproductive organs.

number of little tadpole-like embryos, known as  cercarice.” These
escape from the body of the snail, and swim about actively for a
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time in the water ; but they finally attach themselves to a blade of |

grass, and surround themselves with a horny capsule. If now, the B

encapsuled embryo should be swallowed by the sheep, along with
the grass on which it feeds, :

the embryo escapes from its

horny covering, and makes

its way from the stomach of

the sheep into the bile-ducts,

where it becomes developed

into the adult Liver-fluke.

OrpER III. TURBELLARIA.

The Turbellarian worms
differ altogether from the
preceding orders of Scolecids. ..
in being mostly aquatic in W&
their habits and in being
non - parasitic. They never
possess sucking-dises or ceph-
alic hooks, and their integ-
ument is always furnished
with vibrating cilia. A
water-vascular system. is al-
ways present, but it appears
sometimes not to communi-
cate with the exterior. The
alimentary canal is some-
times simply hollowed out of
the tissues and destitute of
an anus, as in the Zrematoda,
Fig..75.—One of the Turbellarian Worms (Lep- and at other times suspended

toplana, zrcmcll';t;'is), enlarged. o Mouth; pr  in a free space (body-cavity) :
Proboscis; ¢ The principal nerve-ganglion ni i
placed 1n the anterior part of the i and furnished with an am.g'.“"’}

giving off numerous radiating branches (n); 1t MAY be simple or much
p Penis; vd Vas deferens ; vs Vesicula sem- branched.

inalis; am Opening of male reproductive The best known of the
.organs ; ¢ Testis; ov Ovary ; u Uterus, partly b £k Aarar
filled with eggs; af Opening of the female MEeMDErs of this order are

reproductive organs ; 75 Receptaculum sem-  cevtain little, soft - bodied,
inis ; ga Albuminiparous gland, 3 ovate, or elliptical creatures,
which are commonly found

in fresh water or on the gea-shore, or in moist earth, and
are known as Planarians, The skin in these curious little
animals (fig. 75) is richly furnished with cilia, and also contains
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numerons cells which have been compared to the “nettle-cells” or
“cnide” of the Celenterata. The intestine may be either straight

~or branched, but always terminates behind in blind pouches, and

is never provided with an anus. The water-vascular system com-
municates with the exterior. The nervous system consists of two
ganglia, placed in front of the mouth, and united by a cord. There
are generally rudimentary eyes or pigment-spots, which vary in
number from two to sixteen.

The remaining members of the Zurbellaria are known as Ribbon-
worms (Nemertide), and are not uncommonly found in the sea,
sometimes between tide-marks, sometimes at great depths, some-
times near the surface of the open ocean: occasionally they occur in
moist earth. They differ from the Planarians in being worm-like
in shape, by the fact that the alimentary canal is furnished with a
distinet anus, and by the possession of a definite body-cavity.

SECTION B. NEMATE LMIA.
ORDER I. ACANTHOCEPHALA.

The “Thorn-headed Worms”
included in this order are all
internal pavasites. They are
worm-like in shape, marked
with transverse wrinkles, and
destitute of any mouth or ali-
mentary canal. The anterior
extremity of the body (fig. 76)
forms a kind of proboscis or
snout, which is armed with
recurved hooks, and has placed
at its base a single nervous

5 Ganglion. Beneath the skin
% o network of canals, con-
taining a clear fluid, and be-
lieved to represent the water-
vascular system. The Thorn-
headed Worms include some
of the most formidable para-
sites with which we are as yet
acquainted, the best known
being the various forms of

. . Fig. 76.—Acanthocephala. A, Echinorhynchus
Ny Y . y
Lelinorhynchus, which —are — g, slightly enlarged. B, Head of the

found inhabiting the alimen-  same, still further enlarged.
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tary canal in many Mamiyals, birds, and fishes. About one hundred
and twenty species of Eehinorhynchus are known, but it is doubtful
if any mature example has been found in the human subject.

OrDER II. GORDIACEA.

The Gordiacea, or * Hair-worms,” are elongated, worm-like, or
hair-like Scolecids, in which the alimentary canal is without an
anus, and the sexes are in separate
individuals.

The best known representative of
this group is the common Hair-
worm (Gordius agquaticus, fig. 77) of
Emope and North America. This
curious worm is often found jin
ponds and rivers, and may be two
or three feet long when mature,
Other examples are found coiled up
round the intestine of ground-beetles
or grasshoppers ; but it is not clear
whether these are in a natural posi-
tion, so to speak, or whether they
may not be wandered individuals.
In such cases, however, the worm
ultimately leaves its insect-host, and
betakes itself to water, where it lays
long chains of white eggs. The em-
bryo is at first free and locomotive,
Fig. 77.—Gordiacea. A, A small in- w.ith FElu'ee Pl Of. ceplmlic ho.oks

dividual of Gordius aquaticus, of (fig. 77, B), and a little protrusible

the natural size. B, Larvaof Gor- snout. It passes its next stage en-
dius subfurcatus, with its piercing  cysted in the larvee of water-insects,
proboseis and two rows of hooks,

enlarged. into which it has bored its way,

and then it gains access to the bodleq,.

4_\1{'

of fishes which eat these larve. Ultmntely, however, it becomaie.-

free, and makes its way to land.

ORrRDER ITI. NEMATOIDEA.

The order Nematoidea includes the typical “ Round-worms” and
“ Thread-worms,” some of which are parasitic, while others lead a
permanently free existence. The body is cylindrical, the integu-
ment being often annulated, but never ciliated. The mouth ig
placed anteriorly (fig. 78), and leads through a gullet (g) to a strong
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muscular pharynx (2). The intestine iy freely suspended in the
body-cavity, and a distinct anus is present. There are two lateral

nervous system is a gangliated cord
surrounding the gullet. The sexes
are generally in separate individuals;
and the males are usually fewer in
number and smaller in size than the
females.

Considerably more than a thou-
sand species of Nematoid worms are
known, of which a large number are
permanently free. ~Good examples
of the free Nematoids are the little
“ Vinegar-eel ” (Anguillula aceti), the
& Paste-eel” (dnguillula glutinis),

r and the common Anguillula fuvi-

atilis of impure water.

A large number of the Nematoid
worms are internal parasites, inhab-
iting the alimentary canal, the air-
passages, the solid organs and tissues,
or the blood-tubes of various ani-
mals ; but it will be sufficient here
to mention some of the commonest
forms of these. The most abundant
and familiar of these parasitic types
is the common Round-worm (dscaris
lumbricoides), which may be six or
eight inches in length, and is found
inhabiting the small intestine of all
races of men, but principally of

),‘thldren, often in great numbers.

Alother almost equally common type
is the small Thread-worm (Ozyuris
vermicularis), which is less than half
an inch in length, and is found in-
habiting the large intestine, gene-
rally near its termination. It is
generally found in children ; but an
allied type (Z'richocephalus dispar)

is often found in the large intesti

Fig. 78.—Nematoidea. A, Rhabditis
bioculate, female, enlurged. B,
Portion of the alimentary tract of
Oxyuris vermicwlaris, enlarged. g
Gullet ; v Muscular gizzard ; s Chy-
lific stomach, or santerior end of
the intestine (i); o o Ovaries; p
Genital pore.

ne of adults. Less common

than any of the preceding is the singular Guinea-worm (Filaria
medinensis), which is confined to the intertropical regions of both

o
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hemispheres, and which spends a portion of its existence buried in
the cellular tissue which separates the muscles. It may attain a

length of several feet, and has an extraordinary but still incom-

pletely understood history. Equally famous is the little ¢ Muscle-
worm ” or Z'richina, which attacks man, pigs, &c., and exists in two
conditions. In one stage it is found buried in vast numbers in the
muscles, each little worm—a thirtieth of an inch or less in length—
being enclosed in a little whitish capsule. When thus encysted, the
7'rickine have no reproductive organs and ave comparatively harm-
less. If, however, a portion of the infected muscle be eaten by
another suitable animal, the little Z7rickine escape from their cysts
and develop reproductive organs. They then produce young, in vast
numbers, within the intestine of their new host; and the young bore
their way through the walls of the intestine, and travel into the
* muscles, where they smrround themselves each with a little capsule,
and become quiescent. When this stage has been reached, the

v

animal attacked is in safety; but the migration of the worms from "z

the intestine into the muscles usually gives rise to extremely serious
or even fatal constitutional disturbance.

SECTION C. ROTIFERA.

The Rotifera, or “ Wheel-animalcules,” derive their popular name
from the fact that the anterior end of the body is furnished with
one or two circlets of cilia (fig. 79) which, when in motion, vibrate
so rapidly as to produce the illusory impression of a quickly rotating
toothed wheel. The Rotifera ave all aquatic, and are mostly inhab-
itants of fresh water. They are all microscopic in size, none attain-
ing a greater length than 1-36th of an inch. In the females there
is a distinct mouth, intestinal canal, and anus. A nervous system
is also present, consisting of ganglia placed near the anterior ex-
tremity of the body and sending filaments backwards. There is,
finally, a well-developed water-vascular system.

Most of the Rotifera are free-swimming active little animals (ﬁg/(

79, A), but some are permanently fixed, as in Melicerta (fig. 79,

or in the Crown-animalcule (Stephanoceros). They are usually
simple, but they are sometimes composite, forming colonies. As a
rule, the male and female Rotifera differ greatly from one another,
the males being smaller than the females, devoid of any masticatory
or digestive apparatus, and more or less closely resembling the young
forms of the species. The males, in fact, merely lead a transient
existence, and die as soon as they have succeeded in fertilising the
females. The body in most cases is very distinctly ringed or annu-
lated (fig. 79, A), but is not composed of distinet rings separated by
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partitions, The integument is usually provided with bundles of
muscular fibres taking a longitudinal and transverse direction. In

~~ the free forms the anterior ciliated disc acts somewhat like the pro-

peller of a screw-steamer in driving the organism through the water
—in all cases it has the action of producing currents in the water by
which particles of food are brought to the mouth. The posterior
end of the body is usually developed in the free forms into a kind
of tail or foot (fig. 79, A), which may take the shape of a kind of
pincers or of a little suctorial disc.

As regards their internal anatomy, in the females of almost all

Fig. 70.—Rotifera. A, Diagrammatic representation of Hydatina senta (zeneralised
from Pritchard): a Depression in the ciliated disc leading to the digestive canal ;
& Mouth ; ¢ Pharyngeal bulb with masticatory apparatus ; d Stomach ; ¢ Cloaca ; f
Contractile bladder ; g g Respiratory or water-vascular tubes ; . Nerve-ganglion,

)\ giving filament to ciliated pit (k); o Ovary. B, Melicerta ringens (after Gosse).

the Rotifera there is a well-developed alimentary canal, which is
completely shut off from the general cavity of the body. The
mouth (fig. 79, A, b) opens into a dilated chamber or “ pharyngeal
bulb?” (¢), which contains a complicated apparatus of horny teeth.
The pharynx opens into a capacious stomach (d), continued into an
intestine which terminates by a chamber known as the ¢ cloaca ” (¢),
which forms the common outlet for the water-vascular and genera-
tive systems. In both sexes there is a well-developed water-vascular
system consisting of a contractile chamber or bladder (f), opening
into the cloaca, and giving origin to two complicated tubes which

Q9
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are known as the “respifatory tubes” (¢ g), and which terminate
near the anterior end of the body, apparently by blind extremities.
The nervous system is in the form of a large double ganglion placed -
above the gullet, and having one or two eye-specks placed upon it.
The ovaries (0) constitute conspicuous organs in the female Rotifera,
but in summer the young Rotifers appear to be produced by the
females without having access to the males.

The Rotifera were long confounded with the Znfusoria, in conse-
quence of their great similarity in external appearance. They ave,
however, fundamentally distinguished from the Infusorians by their
possession of a definite body-cavity, the presence of a well-developed
alimentary canal, and the possession of a nervous system and of
proper reproductive organs, while their development is also quite
different.

-
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CHAPTER XII
ANARTHROPODA.

TuE Adnarthropoda or higher groups of the Worms have the body
distinctly segmented, but the segments are generally numerous (often
indefinite in number), and are mostly similar to each other except
‘fat the two extremities of the body. Lateral appendages may be
wanting ; but when they are present, they are not articulated, nor
are they jointed to the body. The nervous system has the form of
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Fig. 80.—Gephyrea. Sipunculus Indicus, of the natural size. (After Keferstein.)

a ventral chain of ganglia, the first pair of ganglia lying above the
gullet. Cilia are generally developed. There is no proper heart or
system of blood-vessels; but there is generally a system of tubes,
filled with a coloured fluid, often furnished with contractile dilata-
tions, and sending branches to the breathing organs, which take the

o
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place of the proper vascualar system, and which are known as the
‘ pseudoheemal ” vessels.

The two principal groups included in this division of Annulose
animals ave the Gephyrea (Spoon-worms) and the dnnelide (Ringed
‘Worms).

Crass I. GEPHYREA.

This is a small group, including a number of worm-like animals,
commonly called Spoon-worms, which in many respects resemble
the Annelides, and have at the same time certain relationships with
the Holothurians among the Echinoderms. They differ from the
Annelides in not having the body definitely segmented, though the
skin is annulated (fig. 80), and also in the fact that the ventral
nerve-chain is not gangliated. There are no lateral appendages,
except occasionally bristles. They differ from the Holothurians in
the want of an ambulacral system and the non-radiate character of

the nervous system. The Spoon-worms are all marine, and the most A 7l {
widely distributed genus is Sépunculus (fig. 80), which ranges from /

between tide-marks down to a depth of 2500 fathoms.

Crass II. ANNELIDA.

The Annelida or Annulata, commonly known as Ringed Worms,
are distinguished by the possession of definite segmentation, the
body being composed of a number of rings which are all similar to
each other except at the two ends of the body. All the Annelida
are more or less worm-like in shape, and in all except the Leeches,
the segments are (some or all) provided with lateral appendages
which mostly subserve locomotion, but which are never jointed to
the body. In the typical Annelida each segment (fig. 81) consists of
two arches, termed, from their position, respectively the “dorsal

arc” (d), and the “ ventral arc” (»). Each segment carries a latera]

process on each side, which are known as the “foot-tubercleg
(parapodia). Each foot-tubercle in turn. may consist of an up 1..)\

piece or “dorsal oar” («), and a lower piece or “ventral oar” (B9 -

both carrying a tuft of bristles and a soft jointed filament (the
“cirrus 7).

The nervous system consists essentially of a double gangliated
chain placed along the ventral surface of the body, and traversed in
front by the gullet, so fhat the first pair of ganglia lie above the
gullet. The digestive system consists of a mouth, generally with a
protrusible proboscis, and sometimes horny jaws, a gullet, stomach,
intestine, and a distinct anus.  As a rule, the alimentary canal runs
straight from one end of the body to the other without describing

/

/




ANARTHROPODA. 129

any convolutions in its course. In almos# all cases the alimentary
tube is placed in a distinet perivisceral cavity, which contains a fluid
with solid particles in it, corresponding to the blood of the higher
animals. In most, if not all, there is further a system of vessels
which carry a coloured fluid, which are contractile, and which send
branches to the respiratory organs, when these exist. This system
is believed not to correspond to the blood-vascular system of the
higher animals, and it has therefore been termed the ‘pseudo-
hemal” system (Gr. pseudos, falsity ; and /Aaima, blood). It is
believed, on the other hand, to be truly homologous with the water-
vascular system of the Scolecida. Respiration is effected by the
general surface of the body, or by distinet gills or branchie. In

Fig. 81.—Diagrammatic transverse section of an Annelide. d Dorsal are; v Ventral
arc ; n Branchim ; @ Notopodium, or dorsal oar; b Neuropodium, or ventral oar,
both carrying setie and a jointed cirrus (c).

|

}ﬂ}()st cases, also, there exists a series of peculiar tubular involutions
of the integument, which are known as the “segmental organs.”
The segmental organs open on the swrface of the body by minute
apertures, and generally have the form of coiled or folded tubes,
which may terminate blindly internally (Leeches), or which open at
their inner ends into the perivisceral cavity. In the latter case, the
internal openings of the “segmental organs” are usually funnel-
Sh:ll)ed and ciliated, and they often serve to convey the genemtive
Products to the exterior. The *segmental organs” correspond, in a
general way, with the kidneys of the higher animals. The sexes in
the Annelida are sometimes distinct, Sometimes united in the same

I
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individual. The embryas are almost always ciliated, and many of
them pass through a metamorphosis.
The so-called “ Abranchiate” Annelides are the Leeches and.

Earth-worms, in which respiration is carried on principally through 53

the soft moist integument. On the other hand the marine Tube-
worms and Sand-worms possess, as a rule, external processes adapted
for respiration in water, and these are known as the “ Branchiate”
Annelides. : ¢

OrDER I. HIRUDINEA.

The Hirudinea ov Discophora ave well known under the name of
Leeches, some forms being marine, while others inhabit fresh water,
and a few live in moist places on land. The Leeches ave characterised
by the fact that the body is destitute of
lateral bristles or foot-tubercles, but is

both extremities. In the typical forms, as
in the common Medicinal Leech (fig. 82),
there are sucking-dises at both ends of the
body, and in those in which only the hin-
der sucker is present, the head can be
converted into a suctorial cavity. Loco-
motion is effected either by means of the
alternate fixation and detachment of the
suckers, or by a serpentine bending of the
body.

The body is obviously ringed or annu-
lated, but none of the rings carry lateral
appendages of any kind. The mouth is
sometimes destitute of teeth, but is some-
times armed with complex jaws, The ?
alimentary canal is short, with lateyy]/
pouches, and united to the skin by m‘iill"ﬁ.“

Fig. 82.—Hirudinea. « The
Medicinal Leech (Sanguisu.

- o \
ga officinalis), natural size; b of a spongy vascular tissue, so that e~

Anterior extremity of the body-cavity is obliterated. The pseudo-
suze "'“g':lmt"‘.l' S(i’f;“".g the  hgemal system is well developed, and con-
< € Jaws ; e . . .

Z'gﬁﬁro'}"u.e ;l::::s ?lct.:chefl,' sists essentially of four great longitudinal
showing the semicircular vessels. The segmental organs are par-
toothed margin. tially tubular and partially saccular, and
open on the lower surface by minute

pores, while they terminate blindly internally. The nervous sys-
tem has its usunal form, and the ganglia in front of the gullet
(“ pree-cesophageal” ganglia) give off branches to a number of simple

provided with a sucking-disc at one or '\"/'“
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eyes which are placed on the head. The sexes are united in the
same individual,

The most familiar of the Leeches are the common Horse-leech
Y (Hamopsis), and the Medicinal Leech (Sanguisuga oficinalis). The

latter is provided with three semicircular toothed jaws (fig. 82, b, ¢),
which meet in a point, and are sufficiently powerful to cut through
the human skin. The Medicinal Leech is a native of fresh waters
throughout the south and east of Europe, and it is imported in large
numbers from Hungary, Bohemia, and Russia.

In the Horse-leech the jaws are comparatively blunt, and the
animal has only the power of cutting through the soft mucous
membranes. It derives its name from the fact that it attaches
itself to the mucous membrane of the mouth in horses whilst drink-
ing at ponds or marshes. '

T OrpER II, OLIGOCH.ETA.

In this order ave included the Earth-worms (Zumbricide), and
the Water-worms (Naidide). They are all distinguished from the
preceding by the fact that the body is furnished with rows of
bristles (fig. 83, A), which take the place of the foot-tubercles of the
higher Annelida, and which are the organs of locomotion. They
are distinguished from the higher forms by the fact that the loco-
motive bristles are comparatively few in number, hence the modern
name of the order (Gr. oligos, few ; and clhaité, a bristle). In the
common Earth-worm (Lumbricus terrestris, fig. 83, B), the body is
cylindrical, attenuated at both ends, and furnished with eight rows
of short locomotive bristles. The mouth is destitute of teeth, and
opens into a gullet which leads to a muscular crop, succeeded by a
second muscular dilatation or gizzard. The intestine is continued
Straight to the anus, and is constricted in its course by numerous

),t"ansveme partitions springing from the walls of the body-cavity,
angd corresponding with the successive segments of the body. The
pseudohzemal system is well developed, and the dorsal vessel carries
a series of contractile dilatations or “ hearts.” The segmental organs
are long coiled tubes, which open by minute apertures on the
ventral surface, and communicate internally with the body-cavity.
The Naidide ave chiefly noticeable on account of the power
which many of them possess of producing fresh individuals by a
process of budding before they attain sexual maturity. One of
the commonest of them is a little worm (Zubifex rivilorum,
fig. 83, A), which occurs abundantly in many of our pools and
streams, and which exhibits a fine red colour, owing. to the
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pseudohemal system béing visible through the transparent in-
tegument.
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Fig. §3. — Oligochzta. A, Anterior portion of Tubifex rivalorun, enlarged: »p
Pharynx; 4 i Alimentary canal ; d d Dorsal vessel ; 1 One of the “ hearts" or con-
tractile dilatations of the pseudohmmal vessels. B, Anterior portion of Lumbricus
terrestris, lnid open and enlarged : 0 Mouth ; p Pharynx; g Gullet ; m (Esophageal
glands ; ¢ Proventriculus ; s Gizzard; i Intestine; 1 One of the ** hearts,” borne on
the side of the dorsal vessel; ¢ Testes ; sp Spermathece. (After Lankester.) . _ ¢}
. g -

OrpER III. POLYCHZETA.

In the so-called Polychatous Annelides, the animal is furnished

with locomotive organs in the form of foot-tubercles,” ca!-rying
t, in the

tufts of bristles (fig. 81). Branchige are generally presen .
form 'of outgl-owths of the integument, richly supplied \Yxth
es of the pseudoh@mal vessels. The Polychetous Annelides

branch : 5
are all marine, and are of very varied habits. They may be con-
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veniently divided into

tially the same.

The Tubicolous Annelides or Tube
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two groups, accomling as they secrete for
themselves a protective tube (Zubicola), or live a free life (Z7r-
_rantia); but the general organisation in these two sections is essen-

-worms derive their name from

the fact that they have the power of protecting themselves by
means of tubes (Lat. tuba, a tube ;

and colo, T inhabit). In

some cases

(fig. 84) the tube is composed of
carbonate of lime, and is a genuine
secretion from the body. In other
cases, the tube is composed of
grains of sand or pieces of broken
shell, cemented together by a glut-
inous secretion from the surface of
the body. In all the Zubicola the
respiratory organs are in the form -
of branched filamentous external
gills, in which the fluid of the

pseudohzemal system is subjected
to the action of the outer water.

Fig. 84,—Tubicola. @ Serpule. contor-
tuplicata, showing the branchie and

They are therefore “ Branchiate”  operculum b Spirorbis communis.
Annelides. As they live in tubes,

however, and do not voluntarily exp
of the body, the branchiwe are all pla

ose more than the anterior end
ced on or near the head. The

filaments of “which the gills are composed (fig. 84, a) are richly

ciliated, and as the pseudohzemal’ fluid i

generally a beautiful scarlet colour.
The most familiar of the Zubicole is the Serpula (fig. 84, a), the
tubes of which must be known to every

contorted and winding

one as occurring on shells or stones on
cephalic filaments in Serpu

A

ity forms a kind of conical plug or

s usually red, they have

the sea-shore. One of the’
la is much developed, and its extrem-
« opevculum,” which serves to

/"8oss the mouth of the tube when the animal is retracted within
it. In Spirorbis (fig. 84, b) the shelly tube is coiled into a flat

spiral, which is fixed to

mon occurrence on the fronds of s

objects.

The so-called ¢ Errant”

called because of their

some solid object.

Tt is of extremely com-

ea-weed, and on other submarine

Annelides (Lat. erro, I wander) are so

«poving” habits, the animal leading a free

existence, and not being confined in a tu

always lateral unjointed
tufts of bristles, and a soft join
rings of the body are usually so MmO

be (fig. 85). They have

appendages, or foot-tubercles, which carry
ted filament or cirrus. The anterior
dified as to form a sort of head,

b
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which is provided with €yes and with two or more feelers, which
differ from the antennw of Insects and Crustaceans in not being

jointed. The mouth is placed on the inferior surface of the head,.
\

and is sometimes furnished with one or more pairs of horny jaws
which work from side to side. The upper part of the alimentary
canal is muscular, and can be turned inside out, or protruded beyond
the true opening of the mouth. The pseudohzemal system is well
developed, and its contained fluid is mostly red. Respiration is
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Fig. $5.—Cirrhatulus grandis, an « Errant Annelide,” in its living condition. » 2

(After Verrill.)

effected by external processes, gills or branchize, arranged i‘n tufts
placed along the sides or back of the body, and not confined to
the immediate neighbourhood of the head, as in Zubicola. The
sexes are in different individuals, and the young pass through a
orphosis. :
mﬁngst the best known and commonest of the Errant Anuehde's
are the common Lob-worm (drenicole piscatorum) ; the Sea-centi-
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pedes (Vereis); and the Sea-mice (dphkrodgte and Polynoe), some of
which attain a large size, and are conspicuous for their iridescent
bristles.  Other less abundant forms may be readily obtained by
searching under stones at low water. In one remarkable Annelide,
from the Philippine Islands, the body is branched, and thus becomes
traly composite. A few of the Errant Annelides live in the open
ocean.

-



136 ; INVERTEBRATE ANIMALS.

CHAPTER XIIIL
ARTHROPODA.

1. GENERAL CHARACTERS OF THE ARTHROPODA. 2. CHARACTERS
AND Divisions oF THE CRUSTACEA.

THE remaining members of the sub-kingdom Annulosa are dis- 7
tinguished by the possession of jointed appendages, articulated to |
the body; and they form a great primary division—often called by

the name Articulata. As this name, however, has been employed

in a wider sense than is understood by it heve, it is perhaps best to
adopt the more modern term Arthropoda.

The members of this division, comprising the Crustacea (Lobsters,
Crabs, &c.), the Adracknida (Spiders and Scorpions), the Myriapoda
(Centipedes), and the Znsecta, are distinguished as follows :—

The body (fig. 71) is composed of a series of segments, arranged
along a longitudinal axis; each segment or “somite,” occasionally,
and some almost always, being provided with articulated appen-
dages. Both the segmented body and the articulated limbs are
more or less completely protected by a chitinous exoskeleton,
formed by a hardening of the cuticle. The appendages are hollow,
and the muscles are prolonged into their interior. The nervoug
system in all, at any rate in the embryonic condition, consists of 4
double chain of ganglia, placed along the ventral surface of the A\
body, united by longitudinal commissures, and traversed anteriorly’ |
by the cesophagus. The blood-system, when differentiated, is placed
dorsally, and consists of a contractile cavity, or heart, provided
with valvular apertures, and communicating with a perivisceral
cavity, containing corpusculated blood. Respiration is effected
by the general surface of the body, by gills, by pulmonary sacs,
or by tubular involutions of the integument, termed “ trachesm.”

In no member of the division are vibratile cilia known to be
developed.

The Arthropoda ave divided into four great classes—viz,, the

T
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Crustacea, the Arachnida, the Myriapodm and the Insecta ; which

are roughly distinguished as follows :—

- 1. CrusTAcEA.—Respiration by means of gills, or by the general
Y surface of the body. Two pairs of antenne. Locomotive appendages

more than eight in number, borne by the segments of the thorax, and,

usually, of the abdomen also.

2. ARACHNIDA.—ZRespiration by pulmonary vesicles, by trackee, or
by the general surface of the body. Head and thorax united into a
cephalothoraz. Antenne (as suck) absent. Legs eight. Abdomen
without articulated appendages.

3. Myriaropa.—Respiration by trachew. Head distinct ; re-
mainder of the body composed of nearly similar somites. One pair
of antennee. Legs numerous.

4. Insecra.—Respiration by trackee. Head, thoraz, and abdomen
distinct. One pair of antennce. Three pairs of legs borne on the
thorar. Abdomen destitute of limbs. Generally two pairs of wings

Yon the thorax.

\

CLASS I. CRUSTACEA.

The members of this class are commonly known as Crabs, Lobsters,
Shrimps, Prawns, King-crabs, Barnacles, Acorn-shells, ‘Wood-lice, &e.
They are nearly allied to the succeeding class of the Aracknida
(Spiders and Scorpions), but are distinguished by their adaptation to
a more or less purely aquatic life, by having jointed appendages
upon the hinder segments of the body (abdomen), and by the pos-
session of two pairs of antennze. As a class, the Crustacea are distin-
guished by being usually furnished with branchie, or respiratory
organs adapted for breathing air dissolved in water, by having
more than four pairs of legs, by having a well-developed chitinous
_or partially caleareous “ crust” or external skeleton, by the fact that
* some of the appendages are generally so modified as to act as organs

of mastication, and by passing through a metamorphosis before
/" @Maining their adult condition.

The body in a typical Crustacean is composed of twenty-one dis-
tinet segments or somites, placed one behind the other. These seg-
ments are distributed in three distinet divisions, known respec-
tively as the “head,” the “thorax” and the “abdomen” or tail,
each of which is usually regarded as being composed of seven
segments. In very many cases, however, the fourteen segments
belonging to the head and thorax are amalgamated together into a
single mass, which is termed the cephalothorax,” thus leaving seven
segments to the abdomen.

Each segment or “somite” (fig. 86) may be regarded as com-

AN AN



138 INVERTEBRATE ANIMALS.

posed of a convex upper ©late (¢2) and a flatter ventral arch (s), and
each may support a single pair of appendages. Typically, each

appendage in a Crustacean consists of a short basal portion or “ pro-._
topodite” (fig. 86, @), which

gives origin to an outer and an
inner branch or division, known
respectively as the “ exopodite ”
(b) and the ‘endopodite” (c).
Very commonly one of the two
divisions of the appendage may
be wanting ; or in some cases
both are absent, and the ap-
pendage may be reduced to the
protopodite only. A certain
number of the appendages of
the anterior segments are usu-_

organs, some of which may be

Fig. 86.—The third abdominal segment of Propss bi.ting jaw.s (mandibles
5.10 Lobster. ¢ Dorsal arch; s Ventral and maxille), while others are
arch of the segment; a Protopodite; b merely limbs so far modified
Exopodite ; ¢ Endopodite. as to act as subsidiary jaws

(“foot-jaws” or maxillipedes).

The last segment of the body—known as the “telson”—carries no

appendages, and is often regarded as not being properly a segment,

but an unpaired appendage.

The Crustacea form an extremely large group of animals divided
into many orders, and it will be sufficient to merely notice many of
these in the briefest manner. ‘It will also be as well to commence
with the consideration of the higher sections of the class first.

OrRDER DECAPODA.

The Crustacea included in this order derive their name f""mtj{‘,}"
fact that they all possess five pairs of legs (Gr. dela, ten ; pod&%‘
feet). They belong to a large section known as the “stalk-eyed”
Crustaceans (Podophthalmata), from the fact that the eyes are sup-
ported by long, movable stalks, They all further have the cephalo-
thorax covered by a great shield or ‘carapace,” under which the
gills are carried. They include the Lobsters, Shrimps, Cray-fish,
Crabs, Hermit-crabs, and other forms, and ave the most highly
organised and most familiar of the whole class of the Crustacea.
They are divided into three very well marked groups or tribes, all
of which can be exemplified by familiar types.

ally converted into masticating \_‘:,

/
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A. Macrura.—The name of Macrura (G2, makros, long ; and oura,
tail) is given to those ten-footed Crustaceans which have a long and

be selected as a good typical example.

, well-developed tail or abdomen. Amongst these are the Lobster,
Shrimp, Prawn, and Cray-fish, of which the Lobster or Cray-fish may

In the Lobster or Cray-fish (fig. 87) the body is at once seen to be
composed of two parts, familiarly called the head ” and ‘ tail.”

J

A\P ig. 87 —The common Cray-fish (dstacus fuvi-
atilis), viewed from below. « Antennules; b
Large antennw ; ¢ Eyes ; d Opening of auditory
sac; ¢ Last pair of foot-jaws; f One the great
chelie; g Fifth thoracic limb; A Swimmerets;
i The last pair of swimmerets ; j The opening
of the anus below the telson.

' Fig. 85.—Masticatory organs of

the Cray-fish (Astacus fluvia-
tilis). a Mandibles; b Max-
ille; ¢ Second pair of max-
illse ; d First pair of foot-jaws;
¢ Second pair of foot-jaws;
Third pair of foot-jaws.

The so-called head is covered by a great shield termed the “ cara-
pace,” and it is in reality the cephalothorax, being composed of the
amalgamated segments which belong to the true head and to the
thorax. The so-called tail is really the abdomen, and it is composed
of a number of segments which are not immovably united together,

2
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as in the cephalothorax,sbut are movably jointed together. The
various appendages of the animal are arranged in pairs on the under
surface of the body ; and where the segments are completely amal-
gamated (as in the cephalothorax), their existence may nevertheless
be determined by the presence of the successive pairs of appendages,
The first segment of the head carries a pair of compound eyes, made
up of a number of simple lenses aggregated together, and supported
upon long and movable eye-stalks. Behind these come two pairs of
jointed organs of touch, which are known as the “antennee.” The
front pair is much smaller than the hinder pair, and they are known
respectively as the “lesser antenn:e,” or “antennules” (fig. 87, «),
and the “great antennz” .(¢). Behind these, again, comes the
mouth, which is placed on the under surface of the head, and is
provided with a complicated series of masticatory organs. It is
unnecessary to describe these minutely, but it should be noticed
that they are all modified limbs, and therefore differ altogethey

from the jaws of the Vertebrate animals. That this is their real Y,

nature is shown most obviously in the hindermost pairs of these
jaws, which are so little altered from ordinary legs that they are
known as “foot-jaws” (fig. 88, f). The last five segments of the
thorax carry five pairs of walking-legs, hence the name Decapoda
applied to the order. Of these legs, the first three pairs have
their extremities converted into nipping-claws or “chele,” and the
first pair is much larger than the others, and constitutes the well-
known great claws of the Lobster. The last two pairs of legs simply
terminate in pointed extremities, and not in pincers. The segments
of the abdomen, with the exception of the first and the hindmost,
carry each a pair of paddle-like appendages, which are used in swim-
ming, and are called the swimmerets.” The last pair of swim-
merets are attached to the last segment but one, and are very
greatly expanded, so as to form a very powerful tail-fin (fig. 87, ).
The last segment of all is known as the “telson” (j), and is not

provided with any lateral appendages. ‘

The mouth in the Lobster leads by a short gullet into a globy]y sl

stomach, which is furnished with a calcareous flppamtus for grind-
ing down the food, commonly called the “lady in the lobster.” The
intestine is continued backwards from the stomach without convolu-
tions, and opens by a distinct anus placed in front;. of the telson. A
well-developed liver is also present. The heart is placed dorsally,
and is filled with aerated blood derived from the gills, which it pro-
pels through every part of the body. The gills, or branchie, are
pyramidal bodies attached to the bases of the legs, and placed in g
kind of chamber formed beneath the great shield, or carapace, on
each side of the body. They consist each of a central stem support-

o
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ing numerous lateral branches, and theysare richly supplied with
blood. The water which fills the gill-chambers is constantly re-
newed by the movements of the legs, and thus the gills are kept
constantly supplied with fresh water. The nervous system is placed
along the ventral surface of the body, and has its usual form. The
organs of sense are the two pairs of feelers or antenne, the com-
pound eyes, and two organs of hearing.

B. Anomura—The most familiar members of this tribe are the
Hermit-crabs (Paguride) which occur so commonly on every shore.

Fig. 80.—Brachyura. The Spiny Spider-crab (Maia squinado).

They are distinguished by the fact that the abdomen is quite sof.t,
and is not protected by a chitinous crust. The animal, therefore, is
compelled to protect the defenceless part of the body in some arti-
ficial manner, and this it effects by appropriating the empty shell of
some dead Molluse, such as the common periwinkle or whelk. The
abdomen is provided with special appendages to enable the intruder
to retain firm hold of his borrowed dwelling, at the same time that
he can change it at will when too small or otherwise inconvenient.

Q
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The first pair of legs arg developed into pretty powerful nipping-
claws or chel®, and one of them is always much larger than the

other, and acts as a kind of plug, blocking up the entrance of the

shell when the animal is retracted within it.

C. Brachyura.—The Decapod Crustaceans included in this tribe

are familiarly known as Crabs, and they derive their name of Brachy-
ura (Gr. brachus, short ; and oura, tail) from the rudimentary con-
dition of the abdomen. The abdomen, in fact, is not only extremely
short, but it is always tucked up beneath the greatly developed ceph-
alothorax, so that it is not visible at all, except when the animal is
looked at from below (fig. 89). The Crabs have very various habits,
but they are mostly denizens of the shore, hiding beneath stones or
sea-weed, in cracks of rock, or in pools near the line of low-water.
Some of them, however, can swim with tolerable activity, and some

of them (the Land-crabs) even live

habitually inland. One group, that

/) / = parasitically within the shells of
% ‘ bivalve Molluses, such as the great
|'. e horse-mussel or the oyster.

The young or larval Crab is ex-
ceedingly unlike the adult, and has
a long and well-developed abdomen,

i thus approximating to the type of
1 [ 2 structure which is permanently re-
ABUL tained in the Macrura.
|
| ORDER STOMAPODA.
f‘;f kA The Stomapod Crustaceans are

\ Ji nearly allied to the Decapods, byt
: /?// ‘\.‘ \\ \\ they have six or eight pairs of legs

/

of the “ Pea-crabs,” is distinguisheq 77
by the singular habit of living semi- |

and the gills are not placed in chap : Al

bérs on the under surface of tne

thorax, but are usually suspended

beneath the abdomen, They are

Fig. 00.—Squilla mantis, the Locust- almost all marine, and the Locust-

Shrimp. Shrimp or Sguilla (fig. 90) may be

taken as the type of the order. TIn

this Crustacean the abdomen is well developed, and its terminal

appendages form a broad swimming-tail. The front pairs of legs

are hooked, and the gills are attached to the first five pairs of al.
dominal feet.

\
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OrDpER Isoropa.

- In this order are a number of Crustaceans, of which some inhabit
the sea, others are parasitic in their habits, and others are terrestrial.
Of the terrestrial forms the common Wood-lice (Oniscus) are familiar
| examples. Of the aquatic types, the Water-slaters (Asellus) inhabit
' fresh waters ; but the Rock-slaters (Ligia) and Box-slaters (/dotea)
are marine, as are many others. The parasitic forms live upon
fishes or other Crustaceans, and have often become much altered
by retrograde metamorphosis.

Fig. 01.—Isopoda. A, Idotee entomon, enlarged. B, Arcturus longicornis, enlarged. C,
Serolis Seythei. “w Antennules ; an Antenn. (After Gerstmcker, Spence Bate and

X Westwood, and Liitken.)

“_The Tsopod Crustaceans all belong to a section of the class C'ms(i
an

tacea, in which the eyes are not supported upon movable stalks,
they are therefore said to be “sessile-eyed” (Hedriophthalmata).
The head is distinct, and the thorax carries seven pairs of legs;
while the branchize are attached to the under surface of the ab-
domen, the segments of which are often coalescent.

ORDER AMPHIPODA,

This order comprises small Crustaceans, in which the breathing-
organs are in the form of membranous vesicles attached to the bases
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of the thoracic legs. Thape is a well-developed abdomen, and there

are seven pairs of thoracic legs, directed partly forwards and partly

backwards. Good examples are the Sand-hoppers (Zalitrus, fig.

92, A) and the  Fresh-water Shrimps” (Gammarus, fig. 92, B).
The Sand-hoppers and Gammare swim on their side when in the '3

water, and the former leap With great activity on land. ,y

Fig. 02,— Amphipoda. A, Talitrus locusta, the “‘Sand-hopper," enlarged. B, Gammarus

locusta, enlarged about four times. (After Spence Bate and Westwood.)
/

Nearly related to the Amphipods are a number of little Cpyg. ‘
taceans (Lemodipoda), in which the abdomen is quite rudimentm.s AN
Some of these (e.g., the Whale-lice) are parasitic in their lmbits;
and all inhabit the sea.

ORDER MEROSTOMATA.

In this order ave only the living King-crabs (Limulus), and some
large extinet forms nearly allied to them. They are all distinguished
by the fact that the appendages which are placed round the mouth
act by their bases as jaws, but have their extremities developed into

swimming-paddles, walking-feet, or nipping-claws.

— i

T —
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The King-crabs (fig. 93) constitute a specjal group called Xiphosura

(Gr. wiphos, a sword ; and oura, tail), from the fact that the end of

_the abdomen is furnished with a long sword-like spine (fig. 93, 2).
 /” The mouth is surrounded by six pairs of appendages, the bases of
which are spinous and act as jaws, whilst their free extremities are

\ developed into nipping-claws or chelee. The whole of the upper sur-

Fig. 94.— Eurypterida. Plerygotus
Anglicus, restored. (After H.
Woodward.) -

Fig. 03.—Xiphosura. Limulus poly-
phemus, viewed from below.

)J“Qe of the body is protected by a kind of buckler, composed of an

Ttepior semicircular shield, and a posterior somewhat hexagonal
plate, the under surface of which carries branchial plates, whilst the
sword-like telson is jointed to its hinder margin.- The King-crabs
attain a large size, and are often called “ Molucea crabs” from their
occurrence in the Moluceas. Both the eggs and the flesh are eaten
by the Malays.

Closely allied to the King-crabs is the extinct sub-order of th_e
Eurypterida, an example of which is figured above (fig. 94). This
particular species is supposed to have attained a length of probably
six feet, but other forms were very much smaller.

K
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£
ORDER TRILOBITA.

The Trilobites constitute a wholly extinct order of the Crus!acea,\'\‘_
and deserve a short notice from their great geological importance, W/
They derive their name from the fact that the body exhibits a more /
or less conspicuous division into a central and two lateral lohes
(fig. 95). The entire shell or crust is composed of an anterior semi-
circular shield, covering the head, a series
of movable rings constituting the thorax,
and a tailpiece composed of amalgamated
segments, and representing the abdomen.
On the under surface of the shell nothing
had until Jately ever been discovered ex-
cept the upper lip, but recently limbs and
branchiz have been made out. The cephali&
shield usually bears a pair of compounq
eyes, but these are sometimes wanting. Tt |
is known that most of the Trilobites pos-
TG 05Ol mlcTHTIs, sessed the power of rolling themselves up

(After Salter.) into a ball, much as our modern wood-lice,

The Trilobites are only known as ocewrring

in the older rocks of the earth’s crust, and they are chiefly character-
istic of the period known to geologists as the “ Silurian.”

ORDER PHYLLOPODA.

This is a small order comprising a number of Crustaceans, which
are principally found in inland waters, whether fresh or salt, only
one form inhabiting the sea. These Crustaceans (fig. 96) have

WiEEss
\\ \\l 4 \ } N\

R

Fig. 06.—Phyllopoda. Fairy Shrimp (Chirocephalus, or Branchipus diaphanus).
(After Baird.)

numerous feet, never less than sixteen in number, and the feet are

mostly expanded and leaf-like, and serve as gills or breathing-organs,
The body may be naked, or the head and thorax may be covered by

)
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a shield, or the animal may be enclosed within a bivalve shell. To
this order belong the curious “ Brine-shrimps ™ (drtemia), which are
_found in the brine-pans of salt-works, or in salt lakes.

ORDERS CLADOCERA, COPEPODA, AND OSTRACODA.

- These orders deserve mention more from the extreme abundance
of their commoner forms than for any other reason. They include
a number of minute Crustaceans, most of which are commonly
called “ Water-fleas,” and which abound both in fresh and in salt
water, in almost all regions of the globe. They are, however,
mostly so small that, though visible to the eye, they can only be
satisfactorily examined under the microscope. As an example of the
Cladocera may be taken the “ Branched-horned Water-flea” (Daphnia
pulez, fig. 97, b), thousands of which may be captured in any pond in
Swmmer. In this pretty little species the whole body is enclosed in

\ra bivalve shell, which is so transparent that the whole organisation

Fig. 07.—Fresh-water Entomostraca. a Cypris tris-striate ; b Daphnia pulez;
¢ Cyclops quadricornis.

.»A'{‘the animal is clearly visible through it. The head is distinct, and

carries a single eye. The greater antennw are branched. The males
are smaller than the females, and much fewer in number ; and it
appears to be a well-established fact that the female, when once
fertilised by the male, can not only lay eggs for the rest of her life,
but can transmit the power of producing fertile ova to her young
for several generations. Of the Copepoda one of the commonest is
the Cyelops (fig. 97, ¢), in which the cephalothorax is covered by a
shield, and there is a well-developed abdomen. The female carries
on either side a kind of pouch or ovisac, in which the eggs remain
till they hatched. The little Ostracoda (fig. 97, a), are all minute
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Crustaceans, which occu in both fresh and salt water. They ave
distinguished by the fact that the body is entirely enclosed in a
shell, which is made up of two lateral halves or valves. The valves
of the shell are united by s
membrane along the back, bug
can be opened below, so as to
allow of the protrusion of the
feet.

Very closely aelated to the
Copepods is a group of curious
Crustaceans, which are often
called “Fish-lice” (Zehthyoph-
thira), because in their adult
condition they are attached
parasitically to the skin, eyes,
or gills of fishes. The maleg,
however, are usually free.

In its parasitic condition (fig.
98), the animal is more or less
swollen and deformed, its limbs
being often rudimentary, and
the segmentation of its body
obscured or lost. They are

Fig. 98.—Female of Achtheres Carpenteri,
magnified. The line placed alongside of A red .
the figure shows the real size. a Ab- NIy DIXed, 1N various ways,

domen ; d Disc of attachment developed to their hosts, and the females
upon the last pair of thoracic limbs; o carry large external l):\gs of

Ovisac. i
isa eggs (ovisacs). The young of

the Fish-lice, however, have well-developed limbs and eyes, anq
lead an active locomotive existence.

ORDER CIRRIPEDIA.

The last order of Crustacea is that of the Cirripedia (Lat. cirpy |
a curl ; and pes, foot), comprising the so-called Barnacles and Ae,,m}':

shells, both extremely unlike Crustaceans to look at. All the Cirric

f

o~

pedes ave distinguished by the fact that, whilst they are quite free -

when young, and very similar to some of the little Crustaceans just
described, when adult they are immovably fixed by their heads to
some solid object. In this fixed condition the body and internal
organs are, in most cases, protected by means of a calcareous shell,
composed of many pieces, and the only part of the body which
remains movable is the legs, which are constantly thrust out of the
shell and again drawn in in quest of food. The Cirripedia were
formerly described as “multivalve” shell-fish (Mollusca), owing to

v
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their common possession of a regular calcageous shell. Two distinct
types of structure are known amongst the Cirripedia, constituting

_the two families of the Barnacles (Lepadide), and the Acorn-shells
(Balanide).

In the Barnacles (fig. 99), the anterior end of the body is much
elongated, and is converted into a kind of stalk, by means of which
the animal is attached to some solid object, such as a rock, a floating
log of timber, or even some marine animal. In the Acorn-shells
(fig. 100) which occur in myriads upon every solid object between
tide-marks, there is no stalk, but the head is firmly cemented to the

Fig. 09.—Two fully-grown individuals of the Fig. 100.— A, Acorn-shell (Balanus

common Barnacle (Lepas anatifera), grow- balanoides), of the natural size,
_ing upon a foreign body. p The stalk of viewed from above. B, Balanus,
|\ attachment; ¢ The body of the animal en- with the shell on one side removed,
A Cloged in a shell, from which the legs can to show the animal inside; @ and b
< be protruded. Two of the plates forming the lid of

the shell.

centre of a membranous or shelly plate. The body is enclosed in a
limpet-shaped or conical shell, composed of several pieces, and hav-
ing an aperture at its summit. This opening is closed by a mO‘fable
lid, and from it the animal can protrude its delicate legs or cirri,”
which look like a “glass hand,” and are constantly employed in
sweeping the water in search of food.

Tn accordance with the fixed condition of the adult, almost all the
Cirripedia arve hermaphrodite, possessing both male and female
organs of reproduction. In some cases, however, males exist, but

L



150 ‘. INVERTEBRATE ANIMALS,

these are much smaller Zhan the females, and quite different from
them in appeifmnce, and they spend their existence within the shell
of the female. y
Greatly as the Cirripedes are “=aetamorphosed, when compared\"
with the typical Crustaceans, they are not so entirely altered as aya
the nearly allied animals known as the RAizocephala. These sin-
gular Crustaceans are fixed parasitically to the under side of the
abdomen of crabs and hermit-crabs, the body being a mere musculay
sac, with no indications of limbs or of segmentation, attached to its
host by means of branched root-like processes of attachment, which
sink deeply into the tissues of the latter. The young of these
degraded Crustaceans have, however, limbs and organs of vision,
and swim about actively in the water.

p

|

/
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CHAPTER XIV.

ARACHNIDA.

Crass II, ARACHNIDA.

Tmis class includes the Mites; Ticks, Scorpions, and Spiders, and, as
“a whole, is very nearly related to the preceding. The Adracknida,
however, are distinguished from the Crustacea Ly being adapted in
most cases for a strictly terrestrial life, so that when any distinct
breathing-organs are present these are never in the form of gills,
but are always either pulmonary sacs or air-tubes (trachee). In
none of the Aracknida, further, are there ever more than four pairs
of legs, and the segments of the abdomen never carry locomotive limbs
of any sort. The eyes are sessile, and are never supported upon
stalks; the antenna are converted into jaws or pincers; and the head
is always amalgamated with the thora, so as to form a cephalothoraz.

The integument usually produces chitine more or less abundantly,
s0 as to constitute a resistant shell; but in some cases the skin re-
mains permanently soft. The mouth is situated in the anterior
portion of the body, and in the higher forms is furnished with a
pair of prehensile jaws, called “mandibles,” a pair of chewing-jaws,
called “maxille,” and a lower lip. In the Scorpions an upper lip
is present as well. In the true Spiders each mandible terminates

L in 3 sharp movable hook (fig. 104, B), perforated by a canal which

Communicates with a poison-gland situated near its base. By means
of this poison apparatus the spiders kill such animals as they
capture. In the Scorpions the mandibles are short, and terminate
in strong pincers (fig. 101, ¢). In them, too, the maxille are fur-
nished with enormously developed nipping-claws or chelee. In all
the Arachnida the mandibles are believed to correspond to the
antennee of the Crustacea. In the lower Arachnida, such as the
Ticks, the organs of the mouth are modified partly for piercing, and
partly for suction.

The mouth in the Aracknide opens into a pharynx, which is of
very small diameter in the true Spiders, which live simply on the
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juices of* their prey. Tae intestinal canal is usually short and
straight, and is continued without convolutions to the aperture of
the anus. Salivary glands are also present, as well as ramified tubes

(““ Malpighian tubes”) which are believed to act as kidneys. '\ ‘
/

f
/

The circulation is maintained by means of a dorsal heart, which
is sitnated above the alimentary canal. The typical Arachnida

Fig. 101.—Pedipalpi. A, Seorpio afer, viewed from npovc, and somewhat reduced in |
size. B, Front portion of the head of the same, viewed from above, and enlargeg, 4 |

C, Buthus Kochii, with the terminal segments and the ends of the nppcndngcg-ug, B

one side omitted. m Maxillary palpi (behind these are the four pair of ambula-
tory legs); ¢ Chelicerie; ¢ Telson; o Lateral ocelli; o Central, larger ocelli; g
Opercular plate, covering the opening of the reproductive organs; r One of the
“eombs;” s One of the openings into the pulmonary sacs. (C is after Prof. Ray

Lankester.)

breathe air directly, and the function of respiration is performed by
the general surface of the body (as in the lowest members 9f the
class), or by branched air-tubes termed tmche:.e,” or by distinet
pulmonary chambers or sacs, or, lastly, by a co;nbma-tlo.n of.trachcm
with pulmonary sacs. The trachew are essentially similar in strye-
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ture and function to the breathing-tube8 of the Myriapoda and
TInsecta, and consist of tubes, which open on the surface of the body
by distinct apertures called “spiracles,” or “stigmata,” and ramify
through the tissues internally. The walls of the tubes are prevented
from collapsing by means of a spirally coiled thread or filament of
chitine, which is wound round their walls within their inner lining.
The pulmonary sacs which occur in the Arachnida ave simple cham-
bers formed by an inversion of the skin, which constitutes a number
of closely set plates or folds. The whole of the interior of the pul-
monary sacs is richly supplied with blood, and air is admitted by
means of external openings (fig. 101, C).

The nervous system is of the regular Articulate type, but the
ganglia of the ventral chain are often massed together in particular
situations. In no case are compound eyes present ; and when dis-
tinct organs of ‘vision exist, these are in the form of from two to

\?/?:'ight or more simple eyes.

|

ORDERS OF THE ARACHNIDA.
OrpER 1. PoDOSOMATA.

In this order are included the “Sea-spiders” (Pycrogoniit, Nym-
phon, &e.), which are wholly marine, and are often regarded as re-
ferable to the Crustacea. They possess four pairs of legs, and upon
this ground they have been generally placed in the Arachnida. In
some forms the legs attain an extraordinary length, and contain
prolongations from the stomach. They are all grotesque-looking
animals, found at low water upon stones or marine plants, or para-

sitically attached to marine animals.

OrpeER II. ACARINA.

b _The most familiar members of this order are the Mites and Ticks

"(fig. 102). They are distinguished by the fact that the abdomen is
amalgamated with the cephalothorax to form a single mass. Respi-
ration is effected by the general surface of the body or hy air-tubes
(tracher). The mouth-organs are usually adapted for piercing and
for suction (fig. 102, C), but some Mites have biting mandibles.

The habits of the Mites are extremely varied. Some are found
upon different plants; others are parasitic upon water-insects when
young, but swim about freely when adult; others are parasitic upon
other animals, such as sheep, dogs, insects, &ec.; and others inhabit
decaying provisions, as is the case with the well-known “Cheese-
mite” (dcarus domesticus). Two species have a considerable medical

°
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inte_zrest- as attacking min. One of these causes the skin-disease
which is known as the “itch,” and the other is found inhabiting

A 3

Fig. 102.—Acarina. A, Tegeocranus elongatus, one of the Mites, enlarged 65 times. 1
Ixodes ricinus, one of the Ticks, greatly enlarged. C, Mouth-organs of n.Ti 12
(Ixodes albipictus), enlarged : I Labium; m Mandibles; mp Maxillary pmcl
(After Michael, Packard, and Cuvier.) Rl

certain glandular follicles of the skin, probably without an excen,.
tion even in favour of the most cleanly people. SR

OrpeR 1I1. PEDIPALPL

In this family are the most formidable of all the Arachnig, .,
namely, the Scorpions (fig. 101). They are all distinguished 1y t\ (
fact that the abdomen is divided into distinct segments, and is) hﬁ{'
tinued into the cephalothorax without any well-marked boun((]:a‘if BN
or constriction. In the true Scorpions the end of the abdomen (ﬁ? |
101, ¢) is composed of a hooked telson, which is perforated for thb'
duct of a poison-gland, situated at its base. It is by means of th'e
that the Scorpions sting ; and the poisonous fluid which they secr :s
is sufficiently powerful to render their wounds painful or eve =
dangerous. The mandibles in the Scorpions, as already said ,s."
developed into pincers, and the so-called “maxillary palpi ” ’C; 2
stitute powerful nipping-claws. The respiratory organs are in tln-
form of pulmonary sacs, four on each side, opening on the und:-
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2 \_(i’iraclmidans, which are common-

' which look very like Scorpions in
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surface of the abdomen by as many distiffet apertures or spiracles
(fig. 101, C).

The Scorpions live in the warmer regions of the temperate zone
and in tropical countries, and are
generally found hiding under
stones or in the crevices of walls.
They live upon insects, which A
they catch with the great nipping-
claws, and sting to death with the
telson.

Related to the true Scorpions,
though belonging to a special
group, are the little “Pseudo-
scorpions ” or  Book-scorpions ”
(fig. 103, A). These are small

ly found among old books, and

miniature, this being due to the
fact that the maxillary palpi are
of great size and terminate in
pincers. Related to these, again,
are the “ Harvest-men” (Phal-
angium, fig. 103, B), which are : e i
Gingaihelby the gt lorglh | TEU o RER TG G
and slenderness of their legs. of the natural size.

OrDER IV. ARANEIDA.

In this order are the true Spiders, readily distinguished from the
Insects, with which they are popularly confounded, by having four
k"‘il‘s of legs, as well as by other characters. 1In all the true Spiders
/148 104) the segments of the thorax and head are united to form a
single mass or cephalothorax, to which the soft and unsegmented
abdomen is joined by a constricted stalk or neck. Respiration is
effected by means of pulmonary sacs, conjoined with traches. The
pulmonary sacs are two or four in number, and open on the under
surface of the abdomen by as many apertures. The head bears
from two to eight simple eyes; the mandibles (fig. 104, B) are
hooked, and carry the duct of a poison-gland ; and the maxillary
palpi are not developed into nipping-claws, The Spiders are all
predacious and rapacious animals, and many of them possess the
power of constructing webs, either for the capture of their prey, or
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simply for lining their habitations. For the production of the web,
Spiders are furnished with special glands situated at the extremity

of the abdomen. The secretion of these glands is a viscid fluid,
which hardens rapidly on exposure to air, and which is-cast into *,_ -
its proper thread-like shape by passing through what are called the * \?

¢ gpinnerets.” These are little conical or cylindrical organs, from
{

Fig. 104.—A, The male of the common House-Spider (Tegenaria civilis) considerably
magnified : ¢ Front portion of the body, consisting of the amalgamated head and
thorax; p Maxillary palpi; @ Abdomen. B, Front portion of the head of the
same, showing the eight eyes (1) and the mandibles (m). C, Under side of the head
and trunk, showing the true jaws (m), the lower lip (8, and the horny plate (t f‘i
which the Jegs are attached. D, Diagram of one of the air-ch ¢
organs. (Figs. A, B, and C are after Blackwall.)

ambers or brc:m.sgé}" .
two to eight in number, placed at the end of the abdomen, and per-
forated by a number of extremely minute tubes, through ’which the
secretion of the gland has to pass before reaching th: air. Many
Spiders, however, do not construct any web, unless it be for their
own habitations, but simply hunt their prey for themselves.

The Spiders aré oviparous, and their young pass through no
metamorphosis, but they cast their skin or “moult” repeatedly
before they attain the size of the adult.

o
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CHAPTER XV,
MYRIAPODA.

Crass III. MyRIAPODA.

Tris class is a small one, and includes only the Centipedes and the
Millepedes. In all the Myriapoda the head s distinct, and not
r“malgﬂmﬂted with the thorax. Zere ¥s no clear boundary-line
between the thorax and the abdomen, both being composed of nearly
similay segments. 7he body (except in the genus Pauropus) always
Consists of more than twenty rings; and the hinder segments, which
correspond to the abdomen, always carry locomotive appendages,
Whereas the abdominal rings in Arachnida and Insecta are always
destitute of locomotive appendages. One pair of antenne is present,
and the number of the legs s always more than eight pairs. Respira-
tion is carried on by branched air-tubes or traches.

In most of their characters the Myriapoda closely resemble the
true Insects, with which, indeed, they are not uncommonly classed,
The true Insects, however, always have the head, thorax, and abdo-
men distinet from each other, and have never more than three pairs
of legs. In most of the Myriapoda the young or “larvee” are more

. like insects than the adult, since they have only three pairs of legs,
Ot are altogether destitute of feet. In some cases, however, the

k Jung Myriapod, on escaping from the egg, possesses nearly all the
L'ha!'acters of the parents, except that the number of body-rings,
and consequently of legs, is smaller, and increases with every change
of skin (“moult”). The class is divided into two leading groups
Or orders, represented by the common Centipedes (Chilopoda) and
Millepedes (Chilognatha). 5

The Centipedes (fig. 105) are carnivorous in their habits, a.nfl the
Organs of the mouth are adapted for a life of rapine. In n.ddlt'wn to
the parts of the mouth proper, they have two pairs of “foot-jaws,”
of which the second is hooked and perforated for the discharge of »
Poisonous fluid. The bite of the common European species is per-
fectly harmless to man, but some of the tropical forms attain a



_ length of half a foot or nore, and are consequently able to inflict ex-
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tremely severe and even dangerous bites. The true Centipedes are
further distinguished by the number of legs not being indeﬁnitel_\'

Fig. 105.—Centipede, (Scolopendra).

great (usually from fifteen to twenty pairs), and by the fact that
the antennee are composed of not less than fourteen joints each.

The Millepedes (fig. 106) are repulsive-looking but perfectly inno-
cent animals, which feed principally upon decaying vegetable mattey,
The body in the ordinary Millepedes is rounded and worm-like \, :
and the segments are so amalgamated that each apparent body-riué /

-

Fig. 100.—Millepede (Tulus maximus), a small example, of the natural size,

gives origin to wo pairs of minute thread-like feet. The mouth, j5
destitute of the powerful jaws which are found in the Centipedeg
the legs are indefinitely numerous, and the antenn® are short, a,,(i
are composed of no more than six or seven joints each.

The European Millepedes are all of small size, but some tropicy]
species attain a length of from six to ten inches. ‘

A third group, under the name of Pauropoda, has been estal, (
lished for a curious little creature called Pauropus. In this, ‘e '(i Ly
body consists of only ten segments, and there are no more than nine
pairs of legs. The antennwm are five-jointed, forked, and provided
with jointed appendages. There are no traches, and respiration is
carried on Dby the skin. Tt is very small, and is found inhabitine
decayed leaves and damp situations. =

Lastly, a fourth group, termed Onychophora, containing only the
curious animals of the genus Peripatus (fig. 107), must be admitted
provisionally at any rate, amongst the Myriapoda. The species of
Peripatus are worm-like animals found in moist situations or under
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stones in the West Indies, South Africa, Seuth America, and New
Zealand. They are so worm-like that they have often been placed
among the Annelides ; but the recent researches of Prof. Moseley

v .‘f‘
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Fig. 107.—Onychopoda. Peripatus Capensis. (After Moseley.)

have shown that the animal breathes by trache:e, so that it'must be
placed in or near the Myriapoda.

\"{‘
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CHAPTER XVL
INSECTA.

Crass IV. INsecra,

Tue true Insects are distinguished from the preceding classes of
Articulate animals by the fact that the three divisions of the body—

/

namely, the head, thoraz, and abdomen—are always distinct from ONeres”

another ; there are never more than three pairs of legs in the adul,
and these are borne upon the thorax; the abdomen s destitute of
locomotive appendages. Respiration is effected by means of air-tubes
or trachee, and in most Insects two pairs of wings are developed
from the back of the second and third segments of the thorax.

The integument in insects is more or less hardened by the de-
position of chitine in it, and the body is deeply cut into segments
(hence the name Jusect, from the Latin insectus, cut into). The
head in insects (fig. 108, @) is composed of several segments amgl-
gamated together, and carries a pair of jointed feelers or antennge,
a pair of eyes, usually compound, and the appendages of the mout,.
The thorax in insects (b, ¢, ) is composed of three segments, which
are amalgamated together, but are generally prettily easily recog-
nised. Each of the segments of the thorax carries, in perfect
insects, a single pair of jointed legs, so that there are three pajyg
in all. To the back of the two hinder segments of the thoray in
most insects, there are also attached two pairs of wings. In t}:e'./
typical form the wings are membranous expansions, supportédf'#_,‘,
more or less numerous hollow tubes, known as the “nervures.”
One or both pairs of wings may be wanting, and when both are
present the anterior pair may be much modified by the deposition
of chitine in it. These modifications will be treated of in speaking
of the orders of Insects. The abdomen in insects (e) is properly
composed of eleven segments, which are usually more or less freely
movable upon one another, and which never carry locomotive limbs,
as is so commonly the case in the Crustacea. The extremity of the
abdomen is, however, often furnished with appendages which are

)
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primarily connected with reproduction, But which are often con-

verted into weapons of offence and defence. Of this nature are the

“ ovipositors” of Ichneumons, the stings of Bees and Wasps, and
" the forceps of the common Earwig.

The organs of the mouth in insects require a brief consideration,

as being in the closest possible relation with their habits and mode

Fig. 108.—Diagram of the external anatomy of an Insect: @ Head carrying the eyes

(0) and antenna (an); b First segment of the thorax, with the first pair of 1}‘832

\ ¢ Second segment of the thorax, with the second pair of legs and the first pairof

} wings ; d Third segment of the thorax, with the third pair of legs and the second

pair of wings ; ¢ Abdomen, without limbs, but carrying terminal appendages con-
cerned in reproduction ; f Femur; ¢ Tibia; ta Tarsus.

of life. Two chief types of mouth are recognisable in insects, termed
respectively the “ masticatory ” and the “ suctorial,” according as the
mouth is fitted for biting and chewing, or simply for imbibing
fluids. The masticatory mouth is seen in perfection in the Beetles,
in which the following organs are present (fig. 109, A) : 1. An upper
lip or “labrum ” (), attached below the front of the head. 2. A
pair of biting-jaws (m) or “mandibles.” 3. A pair of chewing-jaws
or “maxille” (mz) provided with jointed filaments, called the
L -
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“ maxillary palpi ” (mp). *4. A lower lip or “labium” (la), which

also carries a pair of jointed filaments, known as the “labial palpi ”

(Ip). In the typical suctorial mouth, as seen in the Butterflies and
Moths (fig. 109, B), the following is the arrangement of parts. The ~~
upper lip and mandibles are quite rudimentary; the maxille (ma) \“(’/

are greatly lengthened, and form a spiral tube fitted for sucking up /’

the juices of flowers ; and the labial palpi are much developed, and ¢
form two hairy cushions, between which the trunk can be coiled up
when not in use. In many insects (fig. 109, C) the organs of the
mouth are essentially adapted for suction, but are also fitted for
piercing solid substances, such as the skin of animals or the stems

F l:g.’ 109.—Organs of the mouth of Insects, enlarged ; (A) of a Beetle (Carabus); (B) of
the Small Cabbage White Butterfly (Pontia rape) ; (C) of the Bed-bug (Cimex lectr-
larius), the mandibles and maxille being displaced to one side, Labrum; m May-
dible ; mz Maxilla; mp Maxillary palpus; la Labium; Ip Labial palpus ; an Bage
of one of the antenne. (Fig. B. is slightly altered from Westwood.)

of plants. In these the lower lip forms a kind of sucking-tube o)
sheath, within which are contained the maxille and mandibleg /|
which are modified so as to form piercing organs or lancets, I"l
the common Bee the masticatory and suctorial types of mouth’ iiil'-:“' E
combined. The mandibles or biting-jaws are retained, to enable
the honeycomb to be manufactured, and there is also a'tubular
trunk fitted for sucking up the juices of flowers. In the Butterflies,
too, in which the mouth of the adult is strictly adapted for suction,
the caterpillar is furnished with a masticating mouth, so that it can
feed upon leaves, or other solid substances.

The mouth in the masticating insects (fig. 110, @) leads into a
membranous and often folded cavity, termed the “crop ” (b), from
which the food passes to a second muscular cavity or “gizzard " (c).
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The gizzard is adapted for crushing the fod, and often has plates
or teeth of chitine developed in its walls, It is succeeded by the
true digestive cavity (), which is termed the * the chylific stomach.”
From this there proceeds an intestine (f), of variable length, which
usually terminates in a chamber called the “ cloaca” (g), into which
the ducts of the reproductive organs open. The commencement of
the gullet is furnished with glandular appendages, which discharge

Fig. 110.—Digestive apparatus of a Beetle (Carabus awratus). @ Gullet; b Crop;

Anal glands.

L ¢ Gizzard ; d Chylific stomach; ¢ Malpighian tubes; s Intestine; g Cloaca; h

the functions of salivary glands. Immediately behind the posterior
aperture of the stomach are a variable number of cacal canvolute.d
tubes (), which are known as the “ Malpighian vessels,” after their
discoverer Malpighi, and which correspond with the kidneys of
higher animals. ‘

The circulation in insects is mainly carried on by a long con-
tractile tube placed along the back, and termed the “ dorsal vessel.”
The blood collected from the various tissues and organs of the body,
enters the dorsal vessel from behind, and is driven forwards to the
anterior extremity of the body. Respiration is effected by means of
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air-tubes or traches (fig."111), which commence at the surface by so
many apertures or spiracles; and branch repeatedly as they proceed
inwards through the tissues. They have the same structure as in
the Arachnida, consisting of membranous tubes strengthened by

Fig. 111.—Ideal transverse section of an Insect. & Dorsal vessel; i Intestine; »
Ventral nerve-cord ; ¢ ¢ Stigmata leading into the branched tracheal tubes; v
wings ; a Coxa of one leg; b Trochanter; ¢ Femur; d Tibia; e Tarsus. (After
Packard.) .

means of a spirally coiled filament of chitine. The trachew ayve
prolonged into the wings, so that these structures likewise assist in
respiration.

The nervous system in insects, though sometimes somewhat modj.
fied, has essentially the regular Annulose form of a ventral chain qf |
ganglia, traversed in front by the gullet. The organs of sense g4
the eyes and antennw. The eyes are usually “ compound,” and drel
composcd of numerous six-sided lenses, united together, and each
supplied by a separate nervous filament. As many as eight thousand
of these lenses have been counted in one of the eyes of the common
Cockchafer, and this number is sometimes greatly exceeded. Besides
these compound eyes there are sometimes “simple” eyes, identical
in structure with the single lenses of the compound eyes ; aund in
rarve cases these are the only organs of vision. The feelers or
antennee, with which all insects are furnished, are jointed filaments
attached close to the eyes, and assuming very different shapes in

~—
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different insects. They appear to be certfinly organs of touch, but
they very probably minister to other senses as well, and thele is
_some reason to suppose that they ave connected mth the sense of
\7/ hezumrr in particular.

The sexes in insects are distinet, and most of them are ov1p'u ous.
Generally speaking, the young insect is extxemely different in ex-
ternal characters from the adult, and it requires, before reaching
maturity, to pass through a series of changes which collectively con-
stitute what is called the “ metamorphosis.” In some insects, how-
ever, there is no proper metamorphosis, and in some the changes
which take place are not so complete and striking as in others. By
the absence of metamorphosis, or by its completeness when present,
insects are divided into three convenient, t.houah perhaps not strictly
natural, sections, as follows :— :

2 Section 1. Ametabolic Insects.—The insects belongmg tof thxs section
! (:ue said to be * Ametabolic” (Gr. «, without ; metabole, chanf'e),
because they pass through no metamorphosis. The young, on their
escape from the egg, resemble the adult in every respect, except in
size, and they undergo no alteration in reaching maturity, except
! that they grow larger. All the insects of this section are desti-
' tute of wings in the adult state, and they are therefore often called
“ Aptera” (Gr. a, without ; pteron, a wing).

Section II. Hemimetabolic Insects—In the insects belonging to
this section (Gr. Lemi, half ; and metabold, change), there is a meta-
morphosis consisting of three stages, but these stages do not differ
‘ much from one another in appearance (see fig. 117). The young, on
| escaping from the egg, is known as the “larva,” and it is not only

much smaller than the adult, but is destitute of wings. After

several changes of skin, the larva enters into the second stage, when

|\t is termed “the « pupa.” The pupa is active and locomotive, and
)I:" ely differs much from the larya, except that it is bigger, and that
rdimentar ry wings have now appe:ued on the back of the thorax.

After a certain period, and after some changes of skin, the wings
| burst from their sheaths, and the pupa is now converted into the
\ third and final stage, when it is known as the “imago” or perfect
| insect. In all the insects belonging to this section—such as Grass-
1 hoppers, Dragon-flies, &c.—the second stage, or pupa, is active and
locomotive ; and for this reason the metamorphosis is said to be
‘“incomplete.”

! Section I11. Holometabolic Insects (Gr. kolos, entire ; and metabold,
change).—The insects belonging to this section—such as Butterflies,

. oy

|
|
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Moths, and Beetles—pass(' through three stages, just as do the pre-
ceding, but' these stages differ from one another very much in
appearance, and the metamorphosis is therefore said to be * com-
plete” (fig. 112). In these insects the larva is worm-like, segmented,\
and usually furnished with locomotive feet, which do not correspond
with the three pairs proper to the adult (see figs. 123, 124), though
these are usually present as well. Sometimes feet are wanting alto-
gether. The larva is also provided with masticating organs, and
eats voraciously. In this stage of the metamorphosis, the larvie
constitute what are popularly known as © caterpillars” or “ grubs.”

Fig. 112.—Metamorphosis of the Magpie-moth (Phalenae grossulariata).

Having remained in this condition for a longer or shorter time

7,

/
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having undergone repeated changes of skin, necessitated by its rapid
growth, the larva passes into the second stage, and becomes a pupa
(fig. 123—see also fig. 112). In this stage the insect remains quies-
cent, unless irritated, and it is very often attached to some foreign
object, so as to be quite incapable of changing its place. In the case
of the Butterflies and Moths, the pupa constitutes what is familiarly
known as the ‘chrysalis.” The body is protected by a chitinous
pellicle, and in some cases this is still further protected by the dried
skin of the larva; whilst in other cases the larva—immediately
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before entering the pupa stage—spins for itself a protective case of
silken threads, which surrounds the chrysalis, and is known as the
“cocoon,” Having remained for a variable time in this inanimate,
quiescent pupa-stage, during which rapid changes have been going
on in the interior of the animal, the insect now frees itself from the
envelope which obscured it, and appears as the perfect winged adult
or imago.
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CHAPTER XVIL
ORDERS OF INSECTS.

Tae known number of insects is 50 enormous, their forms are so
sarions, and their habits and instincts are not only so remarkable,

‘but have been so fully described, that it were hopeless to attempg-

here to do more than give the briefest possible outline of the lead- ;r’
ing characters which distinguish the different orders. The student /#
desirous of further information on this head must have recourse to
treatises specially devoted to entomology.

Secrroxy I. Axeraporic Insects.— Young not passing through a -
metamorphosis, and differing from the adult in size only. Perfect
insect or wmago destitute of wings; €yes simple, sometimes wanting.
Owing to the fact that the adult ametabolic insects have no wings,
they are often grouped together as a common assemblage, under the
name of Aptera.

OrRDER I. ANOPLURA.

The insects comprised in this order are parasitic upon man and
other animals, and they are commonly known as Lice (Pediculus, Yf
fig. 113, A). They are all very minute in size, destitute of wing;’l
in the adult state, having a mouth formed for suction, and havin
either two simple eyes or none.

OrDER II. MALLOPHAGA.

These are known as © Bird-lice,” and are all minute parasites on
different birds or quadrupeds (fig. 113, B). They are distinguished
from the true Lice by not living upon the juices of their host, but
upon the more delicate and tender appendages of the skin. The
mouth is, consequently, not suctorial, but fitted for biting.
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OrpER III. COLLEMBOLA.

These are Apterous insects, which attach themselves to foreign
bodies by means of a ventral suctorial tube. They are commonly

| called- “Spring - tails,” in allusion to the fact that the abdomen
carries a long forked appendage, which is employed as an elastic

B

Fig. 113.—Types of Aptera. A, Pediculus humanus capitis, one of the Auoplum;-
Docophorus hamatus, one of the Bird-lice ; C, Campodea, one of the Thysanura; D,
Degeeria, one of the Poduride ; E, Scale of a Podurid, as seen under the micro-
Scope; F, Degeeria purpurascens. All the figures are greatly enlarged. (After
Packard and Gervais.)

spring, and which enables the insect to effect extensive leaps (fig.
113, Dand F). The best-known members of the group are the Podurfv,
which are generally found in moist dark places in gardens and in
similar situations.

OrpER 1V. THYSANURA.

This order comprises insects such as Lepisma and Campodetf (i.ig.
113, C), which are nearly related to the preceding, but are distin-
guished by the possession of a masticatory mouth, and by the fact
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that the bristles which® terminate the abdomen do not form a
“spring.” The body is often covered with delicate scales, which
are shown under the microscope to be beautifully marked and
striated. )

Secrrox IT. Hesmerasonic Insects.—Metamorphosis incomplete ;
the larva differing from the perfect insect chiefly in the absence of
wings and in size; pupa usually active, or, if quiescent, capable of
movement.

OrpErR V. HEMIPTERA.

In this order the mouth is formed for suction (fig. 109, C); the
eyes are compound, but simple eyes are often present in addition.
Two pairs of wings are always present.

\“(/

j

Bean Aphis (dphis faba); winged male and
wingless female.

Fig. 115.—Hemiptera. A, Pentatoma rutilans, with the wings closed. B, Rhaphigaster
incarnatus, with the wings expanded in flight : @ Anterior wing (hemelytron), with
its basal portion hardened by chitine ; b Posterior membranous wing.

The Hemiptera live upon the juices of plants or animals, which
they are enabled to obtain by means of their suctorial mouths. All
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tl.xe four wings are present, but the conllition of these varies in
different sections of the order. In one group all the four wings are
- !lleml)mnous (fig. 114); but in the other the posterior wings and
~of the tips of the anterior wings alone are membranous. The inner
portions of the anterior wings ave hardened by chitine (fig. 115),
and they are known as “hemelytra” (Gr. kemd, half ; and elutron,
a sheath). Amongst the more familiar examples of the Hemiptera
are the numerous species of Plant-lice (dphides), the Field-bugs
(Pentatoma, fig. 115), the Boat-fly, the Nepa F
or Water-scorpion (fig. 116), the Cochineal
insects, and the Cicadas. '

The Cochineal insects are of considerable
commercial importance, as the dried and
powdered bodies of the female constitute
the substance known as Cochineal, from

% Which is obtained the brilliant pigment, car-
/{ mine. The male insect is winged, and is
smaller than the female, which is wingless.
They live upon different species of Cactus
(Opuntia), and ave mainly imported from
Mexico, Algeria, and the Canary Islands.

Numerous species of Aphides or Plant-lice
(fig. 114) are known, and they are among the Fig. 116.—Nepa cinered, the
greatest pests of the gardener and farmer, f‘“""e"sc‘l‘“’i"n{;il,:i:‘:
as they are extraordinarily prolific, and live . ::ﬁ;m:u\‘:'i::“z“ hem(:
upon the juices of plants, One of the most  lytra®).
curious points about the Plant-lice is that :
they secrete a sweet and sticky fluid, which is expelled from the
body by two little tubular filaments placed near the end of the
abdomen. Ants are excessively fond of this fluid, and hunt after

_ dphides in all directions in order to obtain it.
|
/& OrpER VI. ORTHOPTERA.

S
here are four

The mouth in this order is strictly masticatory; t
he posterior,

wings present, but the anterior pair are smaller than t
and of a different texture. The posterior wings are membranous
and are folded lengthwise, like a fan; the anterior wings are
leathery, and constitute cases (elytra) for the posterior wings. This
order includes the Crickets (dAchetide), Grasshoppers (Acrz'di!'JW),
Locusts (Locustide), Cockroaches (Blattide, fig. 118), and others.
Some of them are formed for running, all the legs being nearly
equal in size ; others have the first pair of legs greatly developed,
and constituting powerful organs of prehension ; whilst others, such
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as the Locusts and GrasShoppers, have the hindmost pair of legs
much longer than the others, giving them a considerable power of

3 leaping. ~All the Orthop- _
tera are extremely vor- ‘\
acious, and every one is
acquainted with the ter- |
ribleravagesoccasionally
caused in hot countries

by swarms of locusts.

The most destructive
species is the Migratory
Locust (@Edipoda migra-
toria), which is very
abundant ~ in  Africa,
India, and throughout
the whole of the East: 4
Owing -to the rapidity 7
with which they devour
Fig. 117.—Different stages in the metamorphosis of e'vexyt hmg tl}ey cz_l} LRI

a Grasshopper. A, Larva; B, Pupa, with the rudi- Blbly ea't’ and oONInE 0
mentary wings; C, Adult or imago, with the fully ~ bheir enormous numbers,
developed wings. the Locusts are compelled

; to be constantly on the
move, looking for “fresh fields and pastures new.” Tt is from these

migrations in vast bodies in search of food that the Migratory Locust

Fig. 118.

—Orthoptera, The common Cockroach (Blatta orientalis),
male and female.

takes its name. When one of these destructive hosts visits a di?trl'ct"
'{\‘ only needs a few hours to convert the most fertile country into &
owling wilderness, Inan incredibly ahort space of time every green
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as the Locusts and Gméhom"’;r“f: have the hmdp(iostbliau‘ Of, lfzgz
han the others, giving them a considerable power o
much longer t S leaping. All the Orthop-
tera are extremely voy. > j
acious, and every one ig \V
acquainted with the tep- [
ribleravagesoccasionally
caused in hot countries l
by swarms of locusts. ; l
The most destructive
species is the Migratory
Locust (Zdipoda migra-
toria), which is very
abundant = in Africa,
India, and throughout
the whole of the East,
Owing to the rapidity t 7
with which they devour
everything they can Pos-
v stages in the metamorphosis of  gj},)y eat “ang owing to
per. A, Laxva;, B, Pupa, with thezudi- .0 o4 enormous numbers
8 Grasshopper.. C, Adult or fmago, with the fully 2
mentary wingsi C, theLocustsarecompelled
developed Wings. to be constantly on the
ing for “fresh fields and pastures new.” It is from these
e IOOkm]g v::.)st'bodies in search of food that the Migratory Locust

L
Fig. 117.—Differen

migrations 11

18.—Orthoptera. The common Cockroach (Blatta orientalis),
e male and female.

ructive hosts visits a district

g . When one of these destructive : . }

!:a s zg(lllsl;ea few hours to convert the most fertxle' country into a,

llt orllilx{;wildemess. In an incredibly short space of time every green
how
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thing on their line of march is destroyed, every leaf is stripped from
every tree, every blade of grass and corn is eaten down, and it is
not until the ground is utterly bare and brown that the Locusts take

~ Wing and seek out some fresh region to devastate. Nearly or quite

as destructive as the Eastern Locust are various species which
mhabit North America, and are particularly abundant in the far
West.

Onnﬁn VII. NEUROPTERA.

The mouth in this order is fitted for mastication ; the wings are
four in number, generally nearly equal in size, all membranous, and
traversed by numerous delicate nervures, which interlace so as to
form a delicate network (fig. 119). The metamorphosis is generally
incomplete, but is sometimes complete.

This order includes the well-known and rapacious Dragon-flies
{ZLibellulide), the Caddis-flies (Phryganeide), the May-flies (Epheme-

; fﬁ‘t'dw), the Ant-lion (Myrmeleo), the Aphis-lion (fig. 119), Termites,

&e. The last of these—namely, the Termites or White Ants (fig.

/k Fig. 119.—Neuroptera. Aphis-lion (Chrysopa perle), imago, larva, and eggs.

120)—are social insects, living in organised communities, and ex-
hibiting many remarkable phenomena. They are mostly inha..bh
tants of hot countries, and cause immense mischief by destroying
wood-work of all descriptions. Though called “ White Ants,” it is
to be remembered that they are not related in any way to the true
Ants. They build mounds of different shapes and sizes, sometimes
several feet in height, formed of “particles of earth worked into a
material as hard as stone.” Each family of Termites possesses a
king and queen, which are always kept together closely guarded in
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i ntre of the nest. Both are without wings
e p};?xciix};:h:h:i the bulk of the community, the queen
:-md 2 lmuso owing to the enormous distension of her abdomen
m.xmem'srer . T’he ordinary Termites are all sexless, incapable of lay>
;:;l:heizoss.mld they are divided into two distinet sets or “ castes,”
S Voo™

Fiz. 120.—Different individuals of the colony of one of the
oA SYS

Termites,
before the wings are shed ; D, The queen, after the wings are thro
e

bdomen has become greatly distended with eggs; ¢, Worker :
a

A, The queen,
Wwn off and the
B, Soldier,

titute of wings, and differing in the armature GBS hesd.
'll)‘ixthc::f; (:lass include: the so-calle(.l “workers,” who B -
.deinary work of the colony, whilst t136 « f301diers b it ';.
:)ltaveloped jaws, and are simply occupied in defending the negl |
against all enemies. s

SecrroN I1L HoLOMETABOLA.—Metamorphosis complete 5 the larva,

a, and imago differing greatly from one another in external ap-
f;::t{)ﬂ;" ce.  The larva worm-lile, and the pupa quieseent.

OrDER VIII. APHANIPTERA.

In this order are only the Fleas (Pulicide) in 'wfu'ch_ the mouth i‘s
suctI:)rial the metamorphosis is complete, and thg wings are rudi-
bl
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mentary, being represented by four minute zcales placed on the last
two segments of the thorax (fig. 121). The larva of the common
Flea is a footless grub, which in about twelve days spins a cocoon
F

~

Fig. 121.—A, The éommon Flea (Pulex irritans); B, Larva of the same; C, Pupa
of the same.  All the figures are greatly magnified, (After Westwood.)

for itself, and becomes a quiescent pupa, from which the imago
\ Temerges in about a fortnight more.

OrpER IX. DIPTERA.

The insects of this order, as implied by its name, have only a
single pair of wings—namely, the anterior pair. The posterior
wings are rudimentary, and are represented by two clubbed fila-
ments called “balancers” or “poisers” (fig. 122). The mouth in
the Diptera is suctorial. It consists of a tubular lower lip, enclosing
the other parts of the mouth, and placed on the under surface of
the head. The antenne are generally small and three-jointed,
sometimes many-jointed, sometimes feathery. The metamorphosis
is complete, the larva being usually a soft” fleshy grub, with an
indistinct head, and generally destitute of legs.

The common Gnat (Cwlex pipiens) deposits its eggs upon the sur-
“$ace of water, the eggs being cemented together to form a sort of raft,
and gqch having an inferior lid which allows the escape of the larva

8 122, A). The larval Gnat (fig. 122, B) is vermiform, with a
lm'gé' head and thorax, and with lateral tufts of bristles, which it
uses in swimming. The last abdominal segment carries a bunch of
leaf-like fins, with which the larva can keep itself suspended, head
downwards, in the water ; and the last segment but one carries a
long tube, into which the trachee open, and which the larva thrusts
above the surface of the water for the purpose of obtaining air. In
its pupal condition (fig. 122, C) this abdominal tube has disappeared,
though the abdomen still acts as a swimming-organ. The head and
thorax are now fused together, and the dorsal aspect of the thorax
is furnished with two tubes, which project above water when the

‘w4
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insect comes to the surface, and which convey air to the trachete.
Though active, the pupa does not eat ; and when the time comes for
the completion of the metamorphosis, it approaches the surface, above
which it raises its back. The skin then splits dorsally, and, dryinf;‘,\

/

Fig. 122.—The common Gnat (Culex pipiens). A, A few of the eggs, attached together
to form a raft, which floats on the water; B, The larva, suspended in the water
head downwards, and showing the antenn (a), the terminal respiratory tube (r),
and the fins attached to the extremity of the body (f); C, The pupa, with the two
respiratory tubes attached to the thorax; D, The adult insect, with the well-
developed front wings, the rudimentary hind wings or * balancers" (h); the
antenne (@), and the proboscis (p). All the figures are greatly enlarged,

forms a boat, in which the insect floats until its wings are fit
for use.

The Diptera constitute one of the largest orders of insects; th, b
House-flies and Flesh-flies (Musea), the Gnats and Mosquitc,e..'g
(Culicide), the Crane-flies (Tipula), the Forest-flies (Ezp130b03cqj (‘
and the Gad-flies (Zabanide) constituting good examples. 45

e
By /

OrDER X. LEPIDOPTERA.

This well-known and most beautiful of all the orders of insects
comprises the Butterflies and Moths, the former being active by day
(diwrnal), and the latter mostly towards twilight (crepzwcular), or
at night (noctwrnal). In all the Lepidoptera the mouth of the adult
insect is purely suctorial, and is provided with a spiral trunk fitted
for imbibing the juices of flowers, and formed out of the elongated

»
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and metamorphosed maxillee (fig. 109, B).) The wings are four in
number, and are covered more or less completely with modified
- hairs or scales, which are pretty objects under the microscope, and
«’;}l'om which the wings derive their beautiful colours. The larvie of
the Lepidoptera (fig. 123) are generally known as caterpillars. They

Fig. 123.—Large Cabbage White Buttertly (Pontia brassice:). « Larva or caterpillar;
b Pupa or chrysalis ; ¢ Imago or perfect inscet.

are worm-like, provided with masticatory organs fitted for (!if'iding
solid substances, possessing false legs (¢ prolegs”) in addition to
the three pairs proper to the adult, and havin.g a.tt.ached to the
under lip a tubular organ or spimieret, by which silken threads
can be manufactured.s -

The Butterflies or Dinrnal Zepidoptera are characterised by being
active during the daytime, by keeping their wings mostly erect

“avhen at rest (fig. 123, ¢), by generally having club-shaped antenn,
fand by having a chrysalis (), which is almost always naked. and

\eular, and is generally attached to some solid object by silken
threads variously disposed. . '

The Moths (fig. 124) are mostly active during the night-time,
when they are said to be “mnocturnal.” Many of tl}em, however,
are “crepuscular "—that is.to say, thf:y are active d.urmg the‘hours
of twilight; and a few come out in broz}d daylight and in thfa
brightest sunshine. The pupe or chrysalides are never angular,
as in the case of the Butterflies. ‘

Tn the Crepuscular Zepidoptera, including those forms “"lnch 5
active during the twilight, the antennwe are usually fusiform, or
Lrow éradua.lly thicker from the base to the apex ; the wings are

M
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horizontal or little incliied when the insect is at rest; and the
Amongst the best known of the Crepus-

pupte are never angular.
the Hawk-moths (Sphingide), comprising

cular Lepidoptera. are
some of the largest examp

The Nocturnal Lepidopterd
ishing gradually from the b

have the antenna setaceous, or dimin-
ase to the apex, often serrated or pec-

a4, —Goat-moth (Cossus ligniperda) and caterpillar.

Fig. 1
tinated (fig. 124); the wings in repose are horizontal or deflexed ;
the pupwe are
in a cocoon. This group includes most of the ordinary moths. ()

se comprise Moths of very small size, which .4

tain groups of the and

often spoken of as Microlepidoptera. RN

Orper XI. HYMENOPTERA.

In this order all the four wings ave present, as a rule, and they
ave all membranous in texture, with few nervures (fig. 125), Thie
mouth is always furnished with biting-jaws or mandibles; but often
is adapted for suction as well. The females have the extremity of
the abdomen furnished with an instrument connected with the pro-

cess of laying eggs (ovipositor); and in very many cases this becomes

3

o

mostly smooth, sometimes spiny, and often encloseq -
y

les of the whole order. \'\
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the powerful defensive weapon known as the sting. The metamor-
phosis is complete.
The Hymenoptera form a very extensive order, comprising the
. Bees (Apide), the Wasps (Vespide), the Ants (Formicide), the Gall-
% flies (Cynipide), the Saw-flies (ZLenthredinide, fig. 125), the Ichneu-
mons, and many other forms. The Bees, Wasps, and Ants are well

known as forming social communities, though solitary members of -

the two former families are very common.

In both groups these organised communities consist of a vast num-
ber of undeveloped females, or “ neuters "—the so-called * workers”
—presided over by a single fertile female, or “queen,” or contain-
ing several such. The males are only produced at certain seasons,

Fig. 125, —Hymenoptera. ¢ Winged male of Ant; b Wingless worker of Ant ; ¢ Pupa
of Aut; d Larva of Ant, enlarged ; ¢ The Great Saw-fly (Sirex gigas).

A they constitute the so-called “drones™ of a hive of bees. The
Workers discharge all the duties necessary for the presermtion_ of
/'N“’ colony, such as procuring food, building the nests, and feeding
the young. As there is only one set, or “caste,” of neuters, th-e
duty of defending the nest falls to the lot of all the workers, and is
not delegated to a special class of soldiers. The queen is the fotnl)flel'
of the colony, and her sole function, after starting the community,
is to lay eggs. The drones, or males, do no work, as a rule, and
they either die, or are killed by the workers, as soon as the female
is fertilised.
The Ants likewise form communities, consisting of males, females,
and neuters. The males and females, like those of the very different
“ White Ants,” or Termites, ave winged (fig. 125, «), and are pro-
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duced in great numbers it particular times of the year. They then !
quit the nest and pair, after which the fecundated females lose their

wings and form fresh societies. The workers (fig. 125, b) are some- !
times all of one kind, but they are often divided into two, or eyeyp

three, distinct classes or “castes.” The Ants exhibit many most
extraordinary and interesting instincts and habits, of which their [/ ‘
custom of “milking” the little Plant-lice has been already men- |
tioned. Another very singular habit of some Ants may be just

alluded to—their habit, namely, of capturing the pupwe of other

species of Ants and bringing them up as slaves. The relations,
however, between the masters and slaves vary a good deal in dif-

ferent cases. In the case, for instance, of the Russet Ant (Formica
rufescens) the masters are so entirely dependent upon their slaves

that they cannot even feed themselves, and the only work which

they perform unassisted is the capturing of fresh slaves. In the
Blood-red Ant (Formica sanguinea), on the other hand, the slaves

are much fewer in number, and the masters are much less dependeng %7 7
upon their good offices. In all cases, the slaves exhibit the greatest, e
devotion to their masters, and are invariably taken the greatest care

of by their captors.

OrpeER XII. STREPSIPTERA.
This is an extremely small order of insects, which merely requires

to be mentioned. It includes only certain minute parasites, which |
are found on bees and other Hymenoptera. The females are desti-

~FIY,
S,

Fig. 126.—Strepsiptera.  Stylops Spencit, greatly magnified (after Westwood),
tute of wings or feet, and ave merely soft worm-like grubs. The
males (fig. 126) are active, and possess a single pair of large mem-
branous wings. Unlike the Dip{e)'(l, it is the posterior pair of wings
which is present, and the anterior paiv is quite rudimentary, and is
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only represented by curious twisted filameflts, from which the name
of the order is derived.

-

Orper XITI. COLEOPTERA.

The twelfth and last order of insects is that of the Coleoptera,
including the well-known insects familiar to every one under the
name of *Beetles.” The leading peculiarity of the Coleoptera is to
be found in the fact, that though all the four wings are present,
only the posterior pair are membranous, and perform the function
of wings. The anterior pair of wings (figs.'127, 128) are no longer
capable of being used in flight, but are hardened by the deposition
of chitine, and constitute protective cases, which cover the hind-
wings, and are known as “elytra” (Gr. elutron, a sheath). The
mouth in all the Beetles is masticatory, and is furnished with biting

‘(’iﬁd chewing jaws (fig. 109, A).

! The larve of the Beetles are all worm-like grubs, with masticatory
mouths, and they all pass through a complete metamorphosis, gen-
erally requiring a protracted period for its completion. The known

Fig. 127.—Coleoptera. A, Cicindela campestris, the Fig. 128.—a, Rose-chafer
Tiger - beetle, enlarged. B, Larva of the same, (Cetonia  aurata) and
enlarged. C, Dytiscus marginalis, male. larva.

number of different kinds of Beetles cannot be estimated with any
certainty, but it may be safely sdid that the order is one of the
largest of all the groups of Insects. They are, as a general rule,
remarkable for their hard chitinous skin, their glittering, often
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metallie, colours, and their voracious habits, though many of them
feed upon vegetable matters.
Of the enormous number of known Beetles, the only one which
can be said to be of any decided use to man is the so-called Blister-
beetle,” or “Spanish Fly” (Cantharis vesicatoria). This handsome )
insect is a native of Southern Europe, especially of Italy, Spain, and
France, and lives upon the leaves of the ash, lilac, elder, and poplar,
It is largely collected and exported for medicinal purposes, as it
yields one of the most generally used and efficient of blisters.
Many of the Coleoptera inflict great injury upon wild or cultivated
plants, some of them being most destructive in their adult condition,
while others do most harm in their larval state. It is to be remem-
bered, however, that the Coleoptera, like the Diptera, discharge
important and highly beneficial functions by destroying vast quan-
tities of decaying organic matter, which would otherwise prove
injurious to man. o
Y

{
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SUB-KINGDOM V. MOLLUSCA.
CHAPTER XVIIL

Sup-Kixenoa MoLLusca.

Tug Mollusca (Lat. mollis, soft), as implied by their scientific name,
Hre mostly soft-bodied animals ; but their popular name of “shell-

. ¥ fish? expresses the fact that their soft body is usually protected by

an external skeleton or “shell.” All the JMollusca ave furnished
with a distinet alimentary eanal, which is completely shut off from
the general cavity of the body. There is sometimes no distinct
blood-cireulatory apparatus ; but when there is, its central portion
(i.e., the heart) is placed upon the dorsal aspect of the body. The
chief peculiarity, however, of the Mollusca is found in the nature of
the nervous system. In the lower forms (fig. 132, 2, d), the nervous
system consists essentially of a single ganglionic mass, giving off
filaments in various directions. In the higher Mollusca (fig. 129),
the nervous system consists of three scattered pairs of ganglia, united
to one another by nervous cords. One of these pairs is placed above
the gullet or cesophagus, and is known as the “ supra-eesophageal ” or
“ cerebral 7 ganglia. A second pair supplies nerves to the great loco-
motive organ of most Molluscs, the *foot,” and is therefore called the

1 “pedal ” ganglia. The third pair is known by the cumbrous name

9f the ¢ parieto-splanchnic” ganglia, because it supplies nervous

laments to the walls (parietes) of the body, and also to the internal
organs (splanchna). In all the higher Molluses it is this seattered
condition of the nervous masses which distinguishes them so sharply
from all other animals. Distinct respiratory organs may or may not
be present, and they may be adapted for breathing air directly or
through the medium of water. All the higher Jollusca are simple
animals, and perpetuate their kind by means of the sexes ; but many
of the lower forms have the power of producing, colonies by con-
tinuous gemmation, much as we have formerly seen in the Hydroid
Zoophytes. -

The digestive system in all the Mollusca consists of a mouth,



184 INVERTEBRATE ANIMALS. a

gullet, stomach, intesting, and anus (fig. 129), with the exception l
of a few forms in which the intestine ends blindly. In some the | 1

1 : 3
Fig. 120.—Diagram of the structure of a typical Molluse (the Common Whelk). 7 The .
muscular *“foot " : op The opereulum ; ¢ One of the tentacles, or feelers, with an
eyve at its base; p The proboscis, retracted, with the mouth at its extremity; oe
Gullet ; ¢ Stomach ; @ Intestine, terminating in the anus; na Salivary glu.lul.\"
! The liver and the ovary; A The heart; be The gill, contained in a hong of tht‘-
mantle ; s Breathing-tube or siphon; ¢ and ¢ The main nerve ganglia, the one
above the gullet being the cerebral ganglia, and the one below the gulle being
the combined pedal and parieto-splanchnie ganglia. 4

mouth is surrounded by ciliated tentacles (Polyzon, fig. 133); j,,
others it is furnished with two long ciliated arms (I}i'tu'/n'o]mdu, fig.

Fig. 180.—Terebratula vitrea. 1. Showing the ciliated “arms ™ ; 2. Showing the
shell with its loop for the support of the arms. (After Woodward.)

130) ; in the Bivalves (Lamellibranchiata), it is mostly furnished
with four membranous processes or “ palpi ” (fig. 139, p) ; in others
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it is furnished with a complicated toothedorgan or “odontophore ™

f (Gasteropoda, fig. 141, and Pteropods) ; and lastly, the Cephalopoda,

' in addition to an odontophore, possess horny mandibles, forming a e
= \1(( kind of beak, very like that of a parrot.

The blood is colourless, or nearly so. In the lowest class of the
Mollusca (Polyzon) the circulation is carried on by means of cilia,
and there is no distinet heart nor any definite course of the circulat-
ing fluid. In the Sea-squirts (Zwunicata) there is a distinet heart,
but the structure of this is very simple, consisting of a mere tube,
open at both ends, so that the course of the circulation is periodically

' reversed. In the higher Mollusca there is a distinet heart, consist-
ing of two chambers, of which one (the auricle) veceives the aerated
blood from the gills, while the other (the ventricle) drives it through
the body.
Respiration is very variously effected amongst the Mollusca. In
i e Polyzoa (fig.132) vespiration is discharged mainly by the crown
® {Of ciliated tentacles surrounding the mouth. In the Sea-squirts (fig.
134) respiration is effected by a greatly developed pharynx, which
: is perforated by numerous ciliated apertures. In the Lamp-shells
and their allies (Brachiopoda, fig. 135) the long ciliated arms which
spring from the sides of the mouth seem to be the main agents in
respiration. In the Bivalve shell-fish, the Cuttle-fishes, and most
of the Univalves, the breathing-organs are in the form of gills or
branchizwe, adapted for breathing air dissolved in water. In the re-
mainder of the Univalves (e.g., Snails and Slugs) the breathing-
organs are adapted for breathing air directly, and have the form of
an air-chamber or pulmonary sac, produced by the folding of a por-
tion of the mantle. The air is admitted to the chamber by a round
opening situated on the side of the neck, and capable of being
closed at will. The lining membrane of the chamber is richly sup-
_ plied with blood-vessels, and thus the necessary purification of the
| Blooq is carried out.
In accordance with the scattered or rudimentary condition of the
Iervous system, the Jollusea are not characterised by acuteness
of senses, nor by any great power of locomotion. Organs of sight
exist in some of the lower and many of the higher Mollusca, attain-
| ing in the Cuttle-fishes (fig. 148) an extremely high type of organi-
' sation. Some of the common Bivalve shell-fish, such as the Scallop,
possess numerous simple eyes placed along the margins of the man-
tle, but in many cases even these are absent. Locomotion is very
variously effected, but seldom with much vigour or activity. The
lowest classes of the Mollusca ave in the great majority of instances
fixed when adult. The common Univalve shell-fish, such as Whelks,
Stails, Slugs, &c., eveep about slowly by means of a flattened dise,

R T ST . ot ' _aad
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developed on the under swmface of the body, and known as the
“foot.” Other Univalves and many Bivalves can effect short leaps
by means of the foot; but many of the latter are permanently fixed
to solid objects, or buried in the sand. The minute .l[ullu.sc&,\.
known as the Pteropoda (fig. 147), swim freely at the surface of the Y/
ocean by means of two fins, formed by a modification of the foot,
and attached to the sides of the head. The only Molluses which
enjoy really active powers of locomotion are the predaceous Cuttle-
fishes, which swim rapidly by means of fins, or by ejecting a jet of
water from the cavity of the mantle, and which can also creep about
by means of the “arms” placed round the mouth (fig. 148).

The last feature in the Mollusca which requires to be mentioned
is the “shell.” The shell is not invariably and universally present
in the Mollusca, many being either destitute of a shell altogether,
or having one so small that it would not commonly be recognised as
such. In these cases, as in the common Slugs, the animal is said 4
be “naked.” In all the Mollusca which possess a shell, this in\}’:/ L
secreted by the integument, or by what is technically called the
“mantle”; and in all cases it is composed of carbonate of lime
The methods in which the lime is arranged differ in different cases ;
but all living shells have an outer covering of animal matter, which
is known as the “epidermis.” In a great many of the higher /o7
lusca, such as the Whelks, Periwinkles, Snails, and others, the shel]
consists of only a single piece, when it is said to be “univalve,” Ty,
many others, such as Oysters, Mussels, Scallops, &c., the shell is
composed of two pieces, and is then said to be “Dbivalve.” Tn g fayw
forms the shell consists of several pieces, and it is then said tq be
“multivalve.” The more important variations in the shells of t},e
Mollusea will be noticed in speaking of the different classes of ¢},0
sub-kingdom,

In accordance with the nature of the nervous system, the J7.;.
lusca arve divided into two great divisions, known respectively - ot
the Molluscoida and Mollusca proper. In the Wolluscoidy, tl %
nervous system consists of a single ganglion, or principal Paiy >
ganglia, and there is either no circulatory organ or an im],@,ﬁ}ﬁ"; N
heart. In this division are included the three classes of the &eq-
mosses (Polyzoa), the Sea-squirts (7unicata), and the Lamp.ghells
and their allies (Brackiopoda). In the Mollusca proper the neyvous
system consists of three principal pairs of ganglia, and there is a well-
(fe\*elope(l heart, consisting of at least two chambers. Under this
head come all the ordinary forms of Shell-fish,
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CHAPTER XIX.
MOLLUSCOIDA. ;

Crass I. PoLyzoaA.

Tue members of this class are the lowest of all the Mollusca, and
Yhey are generally known by the popular names of ©Sea-mosses”

Fig. 181.— Flustra foliacea, one of the Sea-mats. « Portion of the colony, _unt‘ura]
size; b A fragment magnified, to show the cells in which the separate polypides are

contained.
and “Sea-mats.” They are invariably compound, forming associated
growths or colonies, often more or less plant-like in form (fig. 131),
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each consisting of a number of distinct But similar zotids, produced
by gemmation from a single primordial individual. The colonies
thus produced are very generally protected by a horny or chitinoys i
integument, and they are so like the Hydroid Zoophytes that they\
were long described as such. Indeed, the only absolute distinction \7
between the two classes is to be found in the internal structure of 1l
the zovids of each. The separate beings or zovids which collec-
tively constitute the colony of any Polyzoin are spoken of as “poly-
pides "—the term polypite being only used in connection with the r
Hydrozoa, and the term polype being similarly restricted to the ]
Actinozoa.

Each polypide in a typical Polyzoén has the following structure
(fig. 132, 2) : The body of the animal is enclosed in a double-walled ]
sac, of which the outer layer is usually chitinous or calcareous, and
constitutes a “cell” in which the zobid is contained. This outey
layer is known as the “ectocyst” to distinguish it from the ectos

o~

(]

a(

A
- _ : e . P o A n e
Fig. 182.—Morphology of Polyzoa, 1. Fragment of one of the Sca-mats (Flua’tm ~

truncata) magnified to show the cells, 2. Diagram of & single polypide of o St
zoon (after Allnan): @ Mouth surrounded by the ciliated tentacles; % Alimentary
canal ; ¢ Anus; d Nerve-ganglion ; e Investing sac or ““ectocyst”; 77 Repl'o«lm:-
tive organs; ¢ Musele. 3. Bird’s-lead process.

derm of the Celenterata. The cell, thus formed, is lined by a much
more delicate membranous layer, which is known as the “endocyst,”
This membranous sac, formed by the endocyst, is pierced b\f two
openings. One of these is the mouth, and it is always surrounded
by a circle or crescent of hollow ciliated processes or tentacles (fig.
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132, 2, ). These ciliated tentacles serve partly as respiratory
organs, and partly to set up a current of water by which floating
particles of food are brought to the mouth. The mouth and ten-
tacular crown can be partially or completely pulled into the sac by
means of a muscle which is fixed to the gullet (2, g). The mouth
leads into a gullet, and that again into a stomach, sometimes with a
muscular gizzard between. From the stomach proceeds an intestine
of variable length, which terminates by a distinct anus at the upper
part of the sac (2, ¢). On one side of the gullet, between it and the
anus, is placed a single nerve-ganglion (d). Distinet reproductive
organs (f f) are also present, and the whole cavity of the sac is filled
with fluid. From the above description it will be evident that the
typical polypide of a Polyzoon differs from the polypite of a Hydro-
zogn in having a distinet alimentary canal suspended freely in a
body-cavity, in haying both a mouth and vent, in having a distinct
Yervous system, and in having the reproductive organs contained in

3 ‘{ the body. .

The foregoing gives the essential structure of the polypide of any
Polyzoin, but in nature this simplicity is lost. In all cases in nature
the primitive polypide possesses the power of producing fresh zovids
by a process of budding ; and these zovids remain attached to one
another, so that ultimately there is produced & compound growth

.or colony. Further, in almost all the Polyzoq, the ectocyst or outer

_ layer of the polypide is more or less hardened by the deposition in

it of chitine or of carbonate’of lime. The skeletons thus formed are
the parts of the colony which are most familiarly known, and in the
sase of the common Sea-mats (fig. 131),they are very well known to
seaside visitors, and are generally regarded as sea-weeds. Examined
in its dead state, such a skeleton only shows a number of little
horny chambers or cells (fig. 132, 1), each with a little aperture.
When alive, however, each of these cells was tenanted by a single
| zoiid or polypide, capable of protruding its ciliated head from the
Aperture, and of again retiring within it if alarmed. The skeleton
15 in some cases, furnished with curious organs, which are known
as “hird's-head processes” (avicularia, fig. 132, 3), from their re-
semblance to the beak of a bird. The parts of this beak keep
constantly snapping together, very much like the little pincer-like
organs called “ pedicellarice” in the Sea-urchins and Star-fishes; but
it is difficult to see what service they perform. They continue their
movements long after the death of the polypides, and this appears,
in some cases, at any rate, to be due to a peculiar system of nerves
known as the “ecolonial ” nervous system. In addition, namely, to
the single ganglion with which each polypide is furnished, it has
been shown that, in some forms, the zoids composing the colony are
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united together by a wel-developed nervous system, and are thus
brought into organic connection with one another.

The vast majority of the Polyzoa are fixed, and thus assume a
very plant-like appearance. There is one fresh-water type, hows™
ever (viz., Cristatella), in which the colony can creep about upon a
flattened base very like the foot of a slug. 1In this same form, also,
alone of all the Polyzou, there is not any outer covering or ectocyst
to the polypides.

The Polyzow are partly inhabitants of the sea and partly of fresh
water, and they are thus divided into two groups which, as a

T

Fig. 133.—1. Fragment of Flustra truncata, one of the Sea-mats, natural size, 2. A
single polypide of Falkeria, magnified, showing the eireular erown of t(?llﬂlclci-. :i \
A polypide of Lophopus . crystallinus, a fresh-water Polyzotn, highly magnified.
showing the horse-shoe-shaped crown of tent S Tond ghilied,

3 acles: a Tentacular crown h
¢ Stomach; d Intestine ; ¢ Anug; 4 Gizzard ; I Endocyst ; lEct:cL:ft“n 3 b Gullet

general rule, differ from one another conside rably in anatomical
structure. In most of the fresh-water Polyzoa the tentacles are
borne upon a crescentic disc or sta

ge (fig. 133, 3). g b
of tentacles assumes the shape of & hie » 3), 80 that the crown

x a horse-shoe. Tn almost all the
marine forms, on the other hand, the tent

. ! acles (fie. 133, 2) are
simply arranged in a circle, (fig. 133, 2) a
.A“ She'Folyzoa are hermaphrodite, each Polypide being furnished
with the reproductlvta Organs proper to the twe sexesb ks Ggds
are simply liberated into the periviscera) cavity, where they :,,.c
b

7
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fertilised ; but it is uncertain how the fertilised ova escape into the
external medinn,, Besides true sexual reproduction, and besides
tl.‘e_ Power of producing colonies by continuous budding, fresh in-
'd,""d““l:g can be produced in many cases by a process of discon-
tinuous gemmation,

Crass II. TuNicara.

The members of this class are not uncommonly called Ascidian
Wolluses (Gr. askos, a wine-skin), from the resemblance which many
of them exhibjt iy, shape to a two-necked leather bottle (fig. 134, C).

hey are popularly known as “Sea-squirts,” from their power of

Fig 10 |

‘ & ‘1;;‘4:? .M(."','.""’logy of Tunicata. A, Dingram of the structure of a simple Tm"ca?-c;
YO est; ¢ Second museular tunic ; s Branchial sac ; & Branchinl aperture; @ ".ml.:f
A ll;fl.t""“: ¢ Abriwm ; 0 Opening of the gullet ; g Stomach, leading into n.e”mt:;:
mll?x;(l(f,n Anal aperture; u Nerve-ganglion. B, Botryllus smaniginh S ‘F‘?'lc
;ysm‘ Tunicate—gy gpa portion of a colony of the natwal size, and ,"l“’: };r_
ture (l)r of the same enlarged ; co Common atrial aperturc; b Hlfn-lc-hm ‘!l'hu
Sl icme of the zosids. C, Molgule Manhattensis, a simple Ascidian. X

SIA and @ g0 the direction of the water-currents.

f 3 l‘ / j i s 2% - 2
e ks g
0dy ig 911\'e]° ) 0 wnicatd, 1s ((fl.l ¢ } SR

diffey oped in a leathery elastic integument, it

Covepiy, e“ft’ l“'ye"-‘i,.mul which takes the place of a she! .t R
Now g of the animal is of a gristly or leathery c‘ox.ms ence, a 5

flas the « test.” Tt is vemarkable for containing a considera
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ble proportion of a subztance apparvently identical with cellulose,

which is one of the most chavacteristic of all vegetable products.

The test is lined by a second coat, which is highly muscular, and

confers upon the animalits power of contracting itself and squirting,
out water. Of the two necks which are placed at the anterior eng

of a simple Ascidian (fig. 134, C), one is perforated by the aperture

of the mouth, whilst the other serves as an excretory aperture,

These two apertures are known respectively as the “oral” o

“branchial,” and the “atrial” apertures.

The oral aperture () is usually furnished with a circle of smal]
non-retractile tentacles, and opens into a great chamber known by
various names, but best as the “respiratory sac” or “branchial sae.”
This sac occupies the greater part of the cavity of the hody (fig.
134, A, s), and has its walls perforated by numerous apertures, the
sides of which are ciliated. At the bottonr of the respiratory sac is
a second opening (the mouth of some writers) which leads by a s]mr\t
gullet into a capacious stomach (g). From the stomach an intestine
is continued to terminate by a distinet anns, which does not com-
municate directly with. the exterior, but opens into a second
great chamber, known as the “cloaca” or “atrium?” (¢). 'Phe
cloaca, in turn, opens on the exterior by the second or atrial aperture
in the test («). These two great chambers—namely, the respiratory
sac and the cloaca—oceupy the greater part of the bo“)"(::\vit,y, and
where their walls come into contact, a free communication is estab-
lished between the two by means of the ciliated apertures already
spoken of as perforating the respiratory sac. The cilia which fringe
these apertures all work towards the cloaca, and thus a cousm;t
current of water is caused to set in by the oral aperture, through
the vespiratory sac, into the cloaca, and out again by the atriﬂ
aperture. In this way respiration is effected, the walls of the yeg-
piratory sac being almost made up of blood-vessels. A distineg
heart is present in all the 7unicata, but it has a very simple st
ture. It consists of a simple tube, open at both ends,
vided with valves. In consequence of this, the ciren

\
uc-'
and not .

lation iy thc-/I

{
)

majority of Tunicaries is periodically reversed, the blood Doz,

driven for a certain number of contractions in one direction, and
then propelled for a like period in an opposite direction ; so that
¢« the two ends of the heart are alternately arterial and venous.”

The nervous system in the Zunicata consists of a single ganglion
placed on one side of the oral aperture (fig. 134, A, »).

With one or two exceptions all the 7unicata ave Lermaphrodite,
the organs of reproduction being situated in a fold of the intestine,
and opening into the cloaca. The embryo is usually at first free,
and swims about by means of a long tail, so that it presents con-
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siderable resemblance to the tadpole of ¢a frog. The tail of the

larval Tunicate also possesses in its interior a singular axial rod,
which presents a remarkable resemblance to the embryonic back-
bone or “notochord” of Vertebrate animals. There are, further,
other points of likeness between the embryo Tunicates and the
Vertebrata ; and the Tunicates are, therefore, sometimes regarded as
degenerate Vertebrate animals,

The Tunicata are all marine, but differ a good deal from one
another in form. In the so-called “simple” Ascidians the animal
has the shape figured above (fig. 134, C), and is fixed to some solid
object by one end of the test. In the “social” Ascidians the
organism consists of a number of zotids, produced by continuous
budding, and connected together by a common tube, through which
the blood circulates. In the so-called “compound” Ascidians (fig.
134, B) the tests are fused together into a common gelatinous mass,

(ih which the individuals are embedded in groups. Some of the

Y

Tunicata are oceanic—that is to say, are found floating or swimming
at the surface of the open ocean—and some exhibit the phenomenon
of phosphorescence.

Crass ITI. BRACHIOPODA.

The members of this class, sometimes called Lamp-shells,” are
little known to the general public, being all marine, often inhabit-
ing considerable depths in the sea, and being much more abundantly
represented by fossil forms than by living examples. They are
often placed with the ordinary Bivalve shell-fish (Zamellibranchiata),
in consequence of their universally possessing a shell composed of
two pieces or valves (fig. 135), but they are really of a much lower
organisation. In their essential structure they show many points
of affinity to the Polyzoa, but they are always simple animals, never
forming colonies, and they always have a bivalve shell. The two
Dieces of which the shell is composed are always placed one in front

)::‘ml one behind, so that they are “ventral” and “dorsal,” and not

Tight” and “left” as in the true Bivalves. The two valves of the
sheij ave also always slightly, and sometimes greatly, different from
one another in size, so that the shell is said to be inequivalye.”
The ventral valve is usually the largest, and often possesses i
prominent curved beak, which is generally perforated by an aper-
ture through which there passes a muscular stalk by means of
which the shell is attached to some solid object. In some cases,
however, as in Lingula (fig. 136), the stalk of attachment simply
passes between the valyes, and is not transmitted through a distinet
aperture. In other cases the shell is simply attached by the sub-
stance of the ventral valve, i

N
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The inner surface of tlte valves of the shell is lined by expansions
of the integument, which are called the “mantle-lobes,” and which
secrete the shell. The digestive organs and museles ocenpy a small
space near the apex or “beak ™ of the shell, which is partitioned offs 7
by a membranous partition, perforated by the aperture of the moutl,
The remainder of the cavity of the shell is almost filled by two long
processes, derived from the sides of the mouth, fringed with lateral

Fig. 135.—Terchratula (Waldheimia) flaveseens. A, The shell viewed from heniy a
showing the dorsal valve, and the perforated summit of the ventral valve abpya it:
B, Inner view of the dorsal valve, showing the shelly loop (1) which support the
spiral arms, €, Tnner view of the ventral valye, showing the formmen or APertyy
(/) in the beak, through which the muscular stalk of attachment passes. I8
Longitudinal and vertical section of the animal, showing the spiral arpg @)
stomnch (s), and'the liver (h). At fis the opening in the beak, with the M;.I’ th o
attachment (p) passing through it. (After Davidson and Owen.) Some dmﬂ’Ww
have been omitted iu figs. B, C, and D, for the sake of clearness.

branches, and termed the “arms” (fig. 135, D). These arms are
usually closely coiled up, and serve to obtain food for the animal.
It is from these organs that the name of the class is derived (Gr.
brackion, arm ; and podes, feet). The arms also serve as respirvatory .
organs, and in many forms they are supported on an internal calca-
reous framework or skeleton, sometimes called the  carriage-spring
apparatus.”



~.

MOLLUSCOIDA.

The mouth is placed between the bases of the mrms, and is not

furnished with any apparatus of teeth. Tt con-
ducts by a gullet into a distinct stomach, sur-
rounded by a well-developed granular liver. The
intestine may or may not be furnished with a
distinet anus, but in no case does it open into
the body-cavity. Within the lobes of the mantle
there is a remarkable system of branched tubes,
which commence by blind extremities, and finally

communicate with the mantle - cavity by means

of certain organs which were formerly believed
to be hearts, and are now known as “ pseudo-
he:u-ts.” This system of tubes appears to be main-

ly, if not entirely, connected with J'Lprodm,tion. A
true heart, however, is present in most, if not in all,

( Of the Bl'll(/l?lljjl)ll(!

The nervous system consists of a single principal
ganglion, in some cases connected thh others so
as to form a collar round the commencement of the
gullet. In some cases, however, the nervous system
appears to be very rudimentary.

The sexes appear to be sometimes distinet and
sometimes united in the same individual. The
embryo, in some cases, at any rate, is locomotive,
moving from place to pl'lce by means of the ciliated
arms or by ventral spines.

195

Fig. 136. — Lingula
anatina, showing
the muscularstalk
by which the shell
is attached (p).
(After Cuvier).

o
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CHAPTER XX.
MOLLUSCA PROPER.

Tur higher Mollusca or Mollusca Proper comprise those members of
the sub-kingdom in which the nervous system. conists of three prin-
cipal pairs of ganglia ; and there is always a well-developed heart
consisting of at least two chambers. N
In this division are included the following classes:—
1. Lamellibranchiata, without a distinet head.

2. Gasteropoda y i) ‘

3 I’teropolda y ' with a distinet head and a masticatory
s % a N . &¢ TS

4. Cephalopoda, ’ apparatus or “ odontophore.

Crass 1. LAMELLIBRANCHIATA.

These are well known as Bivalve shell-fish,

such as Mussels,
Opysters, Scallops, &e., and they are all either marine or inhabitants

of fresh water. They are distinguished from the other Molluses by
having no distinet head, and by having the body protected by a
bivalve shell composed of two pieces. They are called Lamellibran-
chiata from the fact that the organs of respiration are in the form of
- - - * . .

leaf-like gills or branchiw, two of which (or sometimes one only) are
placed at each side of the body, constituting what is known in the)
oyster asthe “beard.” The body of the Lamellibranchiata is more

+ Jes ) r sed 1 - AN 1) 1 - : l
o1 ]eq's comj l]ete!‘) e.nclcm::d in an expansion 9f the' mtegument, which
constitutes the *mantle,” and which is divided into two halves! or
“lobes,” which are placed on the sides of the animal, and secrete the
shell.  The shell, therefore, of the true Bivalves is composed of two
valves, which are “right” anq “left,” and not “dorsal ” and * ven-
tral ” as in the Brachiopoda. Moreover, the valves of the shell are
usually of the same size, so that the shell g ¢« equivalve ” ; and,
lastly, the sh.ell 18 more developed on one side than the other, so a8
to become “inequilatera] (fig. 138). The lobes of the mantle are
sometimes quite free along their ventral margin ; but at other
times they are more or less united to each other, and leave only two

{

S
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. o s & “foot”
openings. Through one of these openings (the anterior) the

18 protruded (fig. 137, £) ; and
through the other pass the res-
Piratory tubes or “siphons” (s).
The foot in the Bivalves is amus-
cular organ developed upon the
lower surface of the body, but
not forming g creeping flat-
tened disc as in the ordinary
Univalyes. T many cases it
is quite rudimentary ; and even
when it ig employed in locomo-
tion it g usually small. Most
generally it i hatchet-shaped or
bointed (fig. 137, £). and serves
o enable the animal to make
shorg leaps. In many cases—as
fn the common Mussels—the foot
1S subsidiary to 5 special gland,
Which secretes a viscous fluid,
that hardens rapidly on exposure
%o the air, This fluid is moulded
by the foot into silky threads
(the 5o - calleq « byssus®), by
means of which the shell is
firmly fixeq to some solid ob-
Ject,
f)ther muscles are present as well
m the Lamellibranchiata, Of
these the most important are the
muscles which close the shell,
“d are called the « adductor ”
Mscles.  Tn one group of the
Walves (eg., Oyster, Scallop,
&e.), there ig only one adductor
muscle, hyt ordinarily there are

bwo (fig. 138). These muscles

1 e,
_“ave distincg scars or “ muscular
Mpressiong *

in the dead shell,
80 thﬂ,t it s €asy to determine
hf)“' many were present in any
given shel), The margin of the
Mantle, too, g muscular, and

Besides the muscular foot,

.

Fig. 137.—Anatomy of a Bl\'ﬂlf’cﬂ.\)lollt;;:‘;
Mya arenaria (after Wood\\n: n;nr N
left valve and mantle-lobe, m;:s s
siphons, are removed. ss (t'hl()k diroej-
siphons, the arrows indicatm{:: Y
tion of the currents; a@ n. ; i
muscles; b Gills; A chrt... F:oot,- ';
surrounded by (p) labial pnlplt.] e/ H
Anus; in Cut edge of the mantic.

; . d, this
“ves upon the shell a distinet line where it was attached,
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being known as the “ palliaf line ” (Lat. pallivm, a mantle), as shown
in fig. 138. o

As regards the shell of the Bivalves the following ave the chief
points to be noticed. Each valye of the shell (fig. 138) is to ha % _1|
regarded as essentially a hollow cone, the apex of which is turned ' :
more or less to one side. The apex of the valveis known as the
“umbo ” or “beak,” and is turned towards the mouth of the animal, 4 f
Consequently, the side of the shell towards which the beaks are
turned is known as the “anterior” side, and it is usually much
shorter than the opposite or “ posterior” side. The side of the she]]
at which the beaks are situated is known as the “dorsal” margin .
and here the valves are united to one another for a longer or ghU].t(‘;_

C

Fig. 138.—Left valve of Cytherce chione (after Woodward). A, Anterior margin ;
B, Posterior margin ; C, Ventral margin or base; w Umbo; b Ligament; ¢ Cm\'
dinal tooth; t¢ Lateral teeth; a Anterior adductor; «' Posterior adductoy -
p Pallial line; & Pallial sinus cansed by the retractor muscles of the siphons, :

distance along a line which is known as the “hinge-line.” The
union between the valves is usually effected by means of intey
locking parts or “teeth,” and there is often a band of llorny ﬁbr'(‘,'s'fj Y
passing between the two valves just behind the beaks. In many
cases there is also a series of horny fibres placed perpendicul:w]‘y
between the beaks, so as to be compressed whel.x the shell is shut,
By the elasticity of these, and of the uxtel‘{lnl ligament when pres-
ent, the valves of the shell are opened, without any effort of the
animal, simply by relaxing the adductor muscles. The valves are
shut again by the contraction of the adductor muscle or muscles.

As already said, the margin of the mantle leaves on the shell a
distinct impression—the “pallial line"—and by inspection of this,
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important conclusions can be drawn in &ny given "case as to thes
mode of life of the animal. In certain shells, namely—(e.g., the
Scallop, the Fresh-water Mussel, &c.) the pallial line is unbroken or

~"“entire,” and in these the mantle-lobes were either quite free, or

if attached to one another and drawn out into respiratory tubes,
these were not furnished with special muscles by which the tubes
could be retracted within the shell. In other Bivalves, on the
other hand (fig. 138) the pallial line is indented to a greater or less
extent, showing that the mantle-lobes were more or less united to
one another, and were drawn out into long respiratory tubes or
siphons, which were furnished with special muscles by which they
could be withdrawn within the shell. This difference expresses a
real distinetion amongst the Bivalves, due to their mode of life. In
all alike, the respiratory organs are in the form of membranous
leaf-like gills, of which there are usnally two on each side of the

ody. The gills are composed generally of tubular rods (fig. 137, b)
richly supplied with blood-vessels, and covered with vibrating cilia.
For the proper maintenance of respiration, however, it is necessary
that the gills should be constantly supplied with fresh water. In
those Bivalves in which the animal is free and the mantle-lobes
not attached to one another, this is effected without any special
mechanism. In those forms, however, in which the animal lives
buried in the mud and sand, and the mantle-lobes are more or less
completely united, there are two orifices, one of which admits fresh
water, while the effete water is got rid of through the other. These
orifices, in the shells just spoken of, are extended into two long
tubes which are known as the “respiratory siphons.” The water
passes in by one siphon, is swept over the surface of the gills, and
then reaches the mouth (fig. 137, o), when it is returned in the

opposite direction to escape by the other siphon. The same current

/

of water, therefore, both earries oxygen to the gills, and serves to
! Conyey food to the mouth. The two siphons may be quite distinet
}f"olu one another, but they are very often united together so as to
90k like a single tube (fig. 137, s 5). They are often very small, and
then they leave no traces of their existence in the dead shell; but
when they are very long, they are furnished with muscles to retract
them within the shell, and it is the scar left by these museles which
causes the pallial line to be indented. This indentation, therefore,
as seen in the dead shell, is an indication that the animal possessed
long retractile respiratory siphons, and lived, therefore, most prob-
ably embedded in sand or mud.
There is.always a distinet heart (fig. 139, %) composed of two or
three chambers, and in all cases acting as a mere arterial heart.
That is to say, the heavt propels the aerated blood derived from the
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gills through the body, and has nothing to do with the propulsion of
the non-aerated or venous blood through the gills. There is never
_any distinet head in any of the Bivalves, and for this réason they,
are sometimes called the “headless” (acephalous) Molluses. The
_mouth is simply placed at the anterior end of the body, and is nevey
furnished with teeth, though usually provided with membranous
processes or “palpi” (fig. 139, Ip). The mouth opens into a gullet

l Fig. 180.—Lamellibranchiata.  Diagrammatic representation of the
% & ate Bivalve. The left valve and left mantle-lobe are

are cut short. w Umbo; ex Cartilage-pit; o Mouth; Ip
Stomach, surrounded by liver; st Sac containing the erystalline stylot: £ Lo
testine, perforating the heart (4); r Rectum, terminating in the anus ;

anatomy of a siphon.
removed, and the siphons
Labial palpi; o

: : 3 ad An-
y terior adiuetor; pd Posterior adductor ; # Suprawsophageal or cerebral g

anglioy,
(the mouth is a little displaced upwards, so that the ganglion comes to 1je l;»luj\lt \l (
the gullet instead of above it): n* Parieto-splanchnic or branchial o "

anglion .
J Foot; zz Cut edge of the right mantle-lobe; 78 Retractor ““l-\'(!i, glioy

2 of
siphons; Ur Branchim of the left side; g Renal organ (**Organ of Uﬂ.lmumt.]gf A
s Inhalant siphon ; & Exhalant siphon. ij..

‘which conducts to a stomach. The intestine is convoluted,
iusually perforates the ventricle of the heart, ultimately terminating
" in a distinet anus, which is always placed near the respiratory aper- 1
_ ture (fig. 139, 7). A large and well-developed liver is also present.
" The nervous system has its normal form of three principal masses
—the cerebyal, the pedal; and the parieto-splanchnice ganglia.
The majority of the Bivalve Molluses have the sexes distinet, but
they are sometimes united in the same individual. The young are

and
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hatched before they leave the parent, and; when first liberated, are
ciliated and free-swimming.
~ The habits of the LZamellibranchiata ave very various. Some, such as
N, theScallops (Pecten), habitually lie on one side, the lower valve being
\J usually the deepest, and the foot rudimentary or wanting. Others
are fixed to the bottom of the sea by the substance of one of the
valves. Others, such as the common Mussel, are moored to some
foreign object by a tuft of silky fibres, constituting a “Dbyssus.”
Many, such as the Gapers (Jya) and Razor-shells (Solen), spend
their existence sunk in the sand of the sea-shore or the mud of
estuaries. «Others, such as the Pholades, bore holes in rock or
wood, in which they live. TFinally, many are permanently free and
locomotive.
Crass IT. (GASTEROPODA.

.~ This class includes an enormous number of Molluses, such as the
Y Land-snails, Sea-snails, Whelks, Limpets, Slugs, Sea-lemons, &c.,

U which agree in many fundamental characters, but nevertheless pre-
sent many striking differences. TFrom the very common occurrence
of a shell composed of a single piece, the Gusteropoda are often spoken
of in a general way as the “ Univalve” Molluses. In many, how-
ever, there is either no shell at all, or one so small that it would
not generally be recognised as such ; and in a few (Chiton) the shell
is composed of eight pieces (““multivalve”). In none, however, 18
the shell composed of two pieces or “ bivalve.” The large majority
of the Gasteropoda are further distinguished by the great develop-
ment. of the foot, which constitutes a broad flattened dise upon
which they creep about, as may readily be observed in the common
Slugs or Snails (fig. 142). Some, however, have the foot much
modified and adapted for swimming. In many cases, also, the foot

~ earries behind a horny or shelly plate which is known as the “oper-
"Ic‘ll\un ? (fig. 140, 0), and which serves to close the shell when the
Mima] is withdrawn within it.

The head in most of the Gasteropoda, unlike the Bivalves, is very
distinetly marked out, and carries two long feelers, and two eyes,
often placed upon stalks (fig. 142). The mouth, also, differs from
that of the Bivalves in being furnished with a singular apparatus
of teeth, constituting what is known as the ‘odontophore” (fig.
141), or “lingual ribbon. This consists essentially of a number of
chitinous teeth, of different shapes in different species, supported
upon a kind of strap which can be made to work backwards and
forwards over a cartilaginous cushion, thus acting like a chain-saw.
In addition to the odontophore there are sometimes horny jaws as
well. The mouth (see fig. 129) leads by a gullet into a distinct

| AR L
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stomach, which sometinfs is provided with caleareous plates for
trinding down the food. The intestine is long, and always ter-
minates in a distinct anal aperture. Distinet salivary glands aye
usually present, and the liver is well developed. 'u\\
A distinet heart (fig. 129) is almost always present, and consisty
of two chambers, an auricle and a ventricle. Respiration is vey
variously effected—one great division being constructed to Lreatle

Fig. 140.—A, Sketeh of a Whelk (Buccinaum wndatum) in motion = S Foots n g
carrying the feelers (0 with the eyes (¢) at their lases; p Proboscis ; ¢ R'L'ﬂ‘b' )
siphon or tube by which water is admitfed to the gills; o Operenlum "- Isl;'n‘tm.y s
the Whelk : @ Spire; b Body-whorl; 2 Noteh in the front margin of 'u“. ; : 1ell o\

the shell; m Outer lip of the mouth of the shell. This figure is Lalr tin;:l th op

size. €, A small cluster of the egg-capsules of the whelk, (B and @ lmtuml

Woodward.) A6 af

air by means of water, whilst in another section the respiration is
aervial. In the former of these—often spoken of as the © branchiate *
Gasteropods—respiration may be carried on in three ways. Firstly
there may be 110 special breathing-organ, the blood being simph:
exposed to the action of the water, as it circulates through the thin
walls of the mantle-cavity. Secondly, the breathing-organs may be
in the form of outward processes of the skin, exposed to view on
the back or sides of the animal (fig. 144). Thirdly, the breathing-

P
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organs may be in the form of plume-like gills,"contained in a more or
i less complete chamber, formed by a folding of the mantle (fig. 129).
- In many members of this group the water

| : dttains access to the gill-chamber by means

' ¥ of a tubular prolongation or folding of the ™ é

I jmantle, forming a siphon (fig. 140, s), and & Ly

! often the effete water is expelled by another 4
tube which is similarly constructed. In the §~.~{
second great section—often called the “pul- :i
monate” Gasteropods—respiration is effected wl/
by a pulmonary chamber or lung, formed by |

a folding of the mantle, and having air ad-
mitted to it by a distinct aperture.
The sexes in the Gasteropoda ave mostly

distinet, but in some groups (eg., the Pul- Fig 141.—Portion df the

D nte: forms®and the Sen-sl b i lingual ribbon of the
i ‘?‘;“ha e formstand the Sea-slugs) they are [ JU0C it e

tiited in the same individual. The young, fied (after Woodward).
When first hatched, are always provided with |
an embryonie shell, which may be entirely lost in the adult, or may
simply become concealed by a fold of the mantle. In the water-
breathing forms the young is protected by a small nautilus-shaped

Fig. 142.—Gasteropoda. The Garden Snail (Helix aspersa).

shell, within which it can entirvely withdraw. At this stage, l:t s
enabled to swim about freely by means of two ciliated lobes spring-
ing from the sides of the head, but this ciliated “veil " is soon lost.

| As regards the shell of the Gasteropoda, the following points may
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be noticed. The shell i§ composed either of a single piece (univalve),
or of a number of plates placed one behind the other (multivalve).
The univalve shell is to be looked upon as essentially a hollow
cone, the apex of which is placed a little on one side. TIn thy
simplest forms, as in the Limpets, the conieq)
shell is retained throughout life without any
alteration. In the great majority of cases, how-
ever, the cone is considerably elongated, so as to
form a tube, which may retain this shape (as in
the “Tooth-shell”), but which is usually coiled
up into a spiral. The “spiral univalve” may, in
fact, be regarded as the typical form of the shell
in the Gasteropoda (fig. 140, B). The coils of the
spiral are termed the “ whorls,” and are usually
more or less amalgamated on one side. Tn mpst
cases, too, the whorls are wound obliquely 1-0‘{)1“1
a central axis or pillar, increasing gradually i

Fig. 143 — Sealaria and is termed the “body-whorl.” The mouty
Grantwidice, a Ho- of the shell in many forms is unbrokenly round
'\f:‘l“"::"““"'s Uni or «entire  (fig. 143), and it is found that most

i of these forms subsist on vegetable food, as,

for instance, the common Periwinkles. In others, again (fig. 140,

B), the mouth of the shell is notched or is produced into a canal, as

in the common Whelk, and it is found that these live upon animal

food, or are “carnivorous.” There may be more than one of these
canals or tubes, but they do not necessarily indicate the nature of
the food, as their function is to protect the respiratory siphons,

The Gasteropoda are divided into a good many groups, of which
the more important may be briefly noticed, the fm'egning applying
chiefly to the ordinary forms, which
therefore need no further descx'iptiox' {
The remaining members of the Watgs
breathing Gasteropods are (li"ir3£h
into two sections, differing o 2o0d deat
from the typical forms of the class in
Fig. 144. — Nudibranchiata. Doris IMany respects.

Jolhnstoni, one of the Sea-lemons. As examples of the first of these

may be taken the Sea-slugs and Sea-
lemons (Nudibranchiata), specimens of which may at any time be
found creeping about on sea-weeds, or attached to the under sur-
face of stones at low water. These slug-like animals (fig. 144) are
wholly destitute of a shell when fully grown, but possess an em-
bryonic shell when young. When there are any distinet respiratory

size to the mouth. The last whorl is the ]m‘gest/f
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organs, these arve in the form of gills, placed,swithout any protection,
upon the back or sides of the body. The head is furnished with
tentacles, which do not appear to be used as organs of touch, but are

_More probably connected with the sense of smell ; and behind the

tentacles are generally two eyes. Locomotion is effected, as in the
true Slugs, by creeping about on the flattened foot.

The last remaining group of the “branchiate” Gasteropods is that
of the Heteropoda (fig. 145), comprising a number of curious forms
which arve found swimming at the surface of the open sea, instead of
creeping about at the bottom of the sea. In order to adapt them for
this mode of life, the foot, instead of forming a creeping disc, is
modified to form a compressed fin (7). The Heteropoda ave to be
regarded as the most highly organised of all the Guasteropoda, at the
same time that they are not the most typical members of the class.
Some of them can retire completely within their shells, but others

Fig. 145. — Heteropode,  Carinaria eymbium. p Proboscis and mouth
¢t tentacles ; b Gills; s Shell; fFoot ; d Dise. (After Woodward.)

have large bodies, and the shell is either small or entirely absent.
In Carinaria, which may be taken as a good example of the group,
there is a little limpet-shaped shell protecting the gills (b) and heart.
"‘m\ﬂ animal swims, back downwards, by means of a vertically-flat-
tened ventral fin (f), on one side of which is a little sucking-disc
"5 by which the animal can adhere at pleasure to floating sea-weed.
Carinaria is found in the Mediterranean and other warm seas, and
is 50 transparent that the course of the intestine can be seen along
its whole length.

The last group of the class is that of the “air-breathing” Gaster-
opods, so well-known as Land-snails, Pond-snails, and Slugs (fig.
146). All the members of this group are formed to breathe air
directly, instead of through the medium of water, and they therefore
never possess gills or branchize. In place of these they have a pul-
monary chamber or lung, formed by a folding of the mantle, and
having air admitted to it by a round hole on the right side of the
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neck, which can be opened and closed at will. Though thus adapted
for breathing air directly, many of the members of this group can
only live in damp or moist places, while others habitually live in
fresh water. The common Pond-snails are examples of these Iaa.
The condition of the shell varies very much. Some, such as thc\Y”
common Land-snails (fig. 142), have a well-developed shell withiu(

o -

Fig, W6.—Limoz Sowerbyi, one of the Slugs.  (After Woodward.)

1
which the animal can completely withdraw itself for l)1~otectim\l}7':.
Others, such as the common Slugs’(fig. 146), have a rudimentary”
shell which is completely concealed within the mantle. Others are
entirely destitute of a shell. They all agree with the typical Gas-
teropods in creeping about on a broad, flattened foot.

(Crass TII. PreroropAa.

This class is o very small one, and includes a number of minute
oceanic Molluses, often called “ Winged Snails,” which ave found
swimming near the surface in the open ocean, far from land, and
often in enormous numbers. The organs of locomotion are two
wing-like fins (fig. 147) attached to the sides of the head, and formed
by a modification of a portion of the foot. The body is usually pro-
tected by a symmetrical glassy shell (fig. 147, D), consisting of ty, 4
plates united along their edges, or in other cases forming a Spirdal
(fig. 147, A and C). In some, however, there is no shell, anq u‘)'dm
body is quite naked (fig. 147, B). The head is rudimentary; wnd
bears the mouth, which is furnished with an odontophore. The
heart consists of an auricle and ventricle, and the respiratory organs
are extremely rudimentary. The sexes are united in the same indi-
vidual in all the Pteropoda.

The Pteropoda occur, as already said, in the open ocean, and they
are found in all seas from the tropics to within the aretic circle,
sometimes in such numbers as to discolour the water for many
miles. Minute as they are, they constitute in high latitudes one of
the staple articles of diet of the whale, and they themselves in turn
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are probably carnivorous, feeding upon smedl Crustaceans and other
. . . . . ‘ -
diminutive creatures. Though all the living forms are small, Geo

&/ ) Ll
ad /
1 “/
70
. Fig. 147.—Pteropoda. A, Spirialis rostralis. B, Pacumodermon violacewnt. C, Hetero-

Susus Yuliminoides. Al enlarged. ¢ Epipodia or fins; ¢ Tentacles. D, Larva of
Cleodore lanecolate, greatly enlarged (after Fol): v Ciliated lobes; o M"“u'-
a Gullet; ¢ Stomach; i Intestine; s Shell; ; #t Yolk-sac.

lOgy leads us to believe that former ly there existed compm'atlveh
| gigantic forms, which appear to be truly referable to this class.

-
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CHAPTER XXTI.
CEPHALOPODA.

Crass TV. CEPHALOPODA.

Tue last and highest class of the Mollusca is that of the Cephalo-
poda, comprising the Cuttle-fishes, Calamaries, Squids, and the
Pearly Nautilus, They are all inhabitants of the sea, qnd are a)f . e
; carnivorous ; and they are possesseq\s ‘
of considerable powers of locomo- ¢
tion. At the bottom of the sea they
can walk about head downwards, by
means of the arms (fig. 148) which -
surround the mouth, which are usu-
ally provided with numerous suckers,
and which ave really produced by a
splitting up of the margins of the
foot. It is from the presence of
these arms that the clasy derives its
name (Gr. Lephald, head ; and podes,
feet). The Cuttle- fishes can also
swim rapidly, either by means of ex-
pansions of the skin constituting fiy
; 8 3 ’)
or by the forcible expulsion of Watep|
from the cavity of the mantle, ), f
reaction of which causes the masial N
to move in the opposite direction.
TN < L0 2 The majority of the living Cephalo-
a1 pods are naked, possessing only an
Fig. 14_.:3.—.5‘6]"';";: :xrlu(nxav:.r t:\viogf internal skeleton, and this often a
i‘"{:’rd(')“t'ﬂe =fslics, rudimentary one ; but the Argonaut
: (Paper Nautilus) and the Pearly
Nautilus arve protected by an external shell, though the nature of
this is extremely different in the two forms.
The body in the Ceplhalopoda is symmetrical, and is enclosed in an |
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integument which may be regarded as a modification of the mantle
of the other Mollusca. Ordinarily there is a tolerably distinct divi-
sion of the body into an interior portion, carrying the head, and a
~.o~ DPosterior portion, in which the anternal organs are enclosed. The head
b ¢ (fig. 148) is very distinet, bearing a pair of large globular eyes, and
having the mouth in its centre. The mouth is surrounded by a
circle of eight, ten, or more, long muscular processes, or arms, which
‘ are generally provided with
| rows of suckers. Each sucker
| consists of a cup-shaped cav-
ity, the muscular fibres of
\ which converge to the centre,
| where there is a little mus-
cular eminence or papilla.
When the sucker is applied
__/to any surface, the contrac-
| tion of the radiating musecular
fibres depresses the papilla so
as to produce a vacuum be-
low it, and in this way each
sucker acts most efficiently as
+ an adhesive organ. The whole
of this complex mechanism of
suckers is completely under
! the control of the animal, and
the irritability of the suckers
is retained even for days after
death. In most of the Cuttle-
fishes (Octopoda) there ave
only eight arms, and these are
~nearly similar to one another.
In others, however (fig. 148), Fig. 140.—Diagram of a Cuttle-fish (altered
‘t'here are ten processes round n-om.l{uxlcy): m Mandibles; n Cereb'ml
/*ﬂ)e Itk (of whish eight are ganglin ; l. Liver; » Intestine; o 0\-nf.‘: ; g
z ) . Gill; @ Ink-bag; f Funnel ; s Iuternal skele
like each other, and constitute ton, or ““cuttle-bone."
the true arms, whilst two—
called tentacles—are much longer than the others, and bear suckers
only towards their extremities, which are enlarged and club-shaped.
The Paper Nautilus (fig. 151) has two of the arms webbed at their
extremities and secreting a shell ; and the Pearly Nautilus, alone
of all living Cephalopoda, has numerous arms, more than ten in
number, and destitute of suckers. .
| The mouth leads into a cavity containing two powerful horny or
‘ partially calcareous jaws or mandibles, working vertically, very like
0
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the beak of a bird (fig.*149 m), together with an “odontophore”
or “tongue,” the hinder part of which is furnished with recurved
spines. This cavity leads by a gullet, furnished with salivary glands,
into a stomach, from which an intestine is continued to terminate b;\
a distinct anus, which opens on the ventral surface at the base of the
so-called « funnel.” The funnel is a muscular tube placed on the
under surface of the head, and communicating on the one hand with
the external medium, and on the other with the cavity of the mantle.
In the Nautilus alone it is simply formed of two muscular lobes,
which are in apposition, but are not united together so as to form a
In many cases there is also a special gland, known as the
«ink-bag " (fig. 149, ©), for the secretion of an inky fluid, which the
animal discharges into the water, so as to enable it to escape when
menaced or pursued. The duct of the ink-bag opens at the base of
the funnel near the anus; but the Pearly Nautilus and the allied
fossil forms are without this means of defence, which the presence of

an external shell re

tube.

nders unnecessary.
The respiratory organs are in the form of plume-like gills, placed f
on the sides of the body in a branchial chamber, which opens in !
on the under surface of the body. In almost all the living
Cephalopod there are only two gills, one on each side, and hence
this section is known as that of the “Dibranchiata,” In the Pearly .
Nautilus alone there are four gills, two on each side, hence the name
of © Tetrabranchiata » applied to the order of which this is the ounly
living repreéentntive. In the Cuttle-fishes, at the base of each gill
is a special contractile cavity, called a “branchial heart,” by which
the venous blood, returned from the body, is driven through the
gills. In addition to these branchial hearts there is a true arterial
heart, by which' the aerated blood received from the gills is driven
through the body. The admission of water to the branchie is
effected by the expansion of the mantle, which allows the entrance
of the outer water into the mantle-cavity. The mantle then con- i
tracts, and the water is forcibly expelled through the funnel, whic}
;s often furnished with a valve, allowing the passage of water ¢ l
wards, but preventing its entrance inwards. By a repetition of t%;l,x;
process both respiration and locomotion are simultaneously effected,
for the jets of water expelled from the funnel by their reaction
drive the animal in the opposite direction. In this case, therefore
as in many others, the more active the animal is, the more perfectl;'
is the respiratory process carried on. ‘
The nervous system is formed upon essentially the same plan
as in the other Mollusca, but the. great nerve-centres are col-
lected to form a ring round ‘the gullet, and are protected by a
ch is to be regarded as a rudimentary skull.  This

front

cartilage, whi
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structure, therefore, is a decided approach®o the Vertebrate type of
organisation,
The sexes in all the Cephalopoda ave in different individuals, and

“the reproductive process in the Cuttle-fishes is attended with some

singular phenomena. The most remarkable point in this connection
is the modification of one of the arms of the male Cuttle-fishes, for
the purpose of conveying the male element to the female. The
details of the modification vary in different species of Cuttle-fish.

In some of the Cuttle-fishes the modified arm becomes the recep-
tacle of the spermatozoa, but is not itself actually detached from the
animal. In some cases, however, as in the Paper Nautilus (Azgo-
nauta), the process goes still further. The female of this species (fig.
151), attains a considerable size, and is protected by an external shell.

Fig. 150.—a )lnlc_uf- Argonauta argo, with the modified reproductive arm still con-
tained in its enveloping cyst, four times enlarged (after H.SMuller); b Detached
& reproductive arm or hectocotylus of Tremactopus violceus (after Kolliker).

The male (fig. 150, @) is not more than an inch in length, is devoid
of a shell, and has its third left arm metamorphosed. This arm is
developed in a cyst, and is ultimately detached from the body, and
deposited by the male within the mantle-cavity of the female. When
first discovered in this position, it was described as a worm living
parasitically on the Argonaut, under the name of *Hectocotylus”
(Gr. hekaton, a hundred ; Fotulos, a cup), from the suckers or cups
with which it was furnished. Subsequently it was described as the
entire male Argonaut ; and it is only recently that it has been proved
to be nothing more than one of the arms of the male, detached for
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the purpose of conveying the sperm-cells to the female. For the
above reason, the general name of ‘“hectocotylus” is given to the
detached reproductive arm of any of the Cuttle-fishes (fig. 150, b).

The shell of the Cephalopoda is sometimes external, sometimes . -
internal. The internal skeleton is seen in most of the Cuttle-fishes,
in which it is known as the “cuttle-bone " or “pen.” It may be
either horny or calcareous, and it is sometimes complicated by the
addition of a chambered portion. The only living Cephalopods
which are provided with an external shell are the Paper Nautilus
(A ,zqommtu.) and the Pearly Nm}tilus (‘;Vautz'lus pompilius); but not
only is the structure of the animal different in each of these, but
the nature of the shell itself is entively different. The shell of the
Argonaut (fig. 151) is coiled into a spiral, but it is not divided into
chambers, and it is secreted by the webbed extremities of two of the
dorsal arms of the female. These arms are bent backwards, so as {o
allow the animal to live in the shell ; but there is no organic conuec\
tion between the shell and the body of the animal. The shell of the “
Pearly Nautilus, on the other hand, is secreted by the mantle, and J
is organically connected to the animal. Tt is coiled into a spiral €
(fig. 155), but it differs from the shell of the Argonaut in being
divided into a series of chambers by means of shelly partitions,
which ave connected together by a tube or “siphuncle,” the animal
itself living in the last and largest chamber only of the shell.

The C-’zyzlu.llupocla are divided into two extremely distinet and
natural orders, termed respectively Dibranchiata and Tetrabranchiata,
according as they have two or fowr gills or branchize.

The Dibranchiata comprise the Cuttle-fishes, Squids, Calamaries,
and Paper Nautilus, and they are characterised by being almost
invariably destitute of any external shell ; by never having more
than eight or ten arms, which are always furnished with suckers ;
by having only two gills, which are provided with “branchial .
hearts”; by the possession of an “ink-bag”; and by the fact that P!
the “funnel” forms a complete tube. They are divided into t\\-(,//
sections — Octopoda and  Decapoda — according as they haye oply4)
eight arms (fig. 150), or eight arms with two additional longer pro- \
cesses or “tentacles” (fig. 153). Amongst the Octopoda are the
Paper Nautilus and the Poulpes (Octopus). The Paper Nautilus is
found in the warmer seas of various parts of the world, generally
floating at the surface. The two sexes differ, as already said,
greatly in external appearance. The female (fig. 151) inhabits a
beautiful one-chambered cell, which is secreted by the webbed ex-
tremities of two of the dorsal arms. The shell is not in any way
attached to the body of the animal, but the webbed arms are turned
backwards, and the animal sits in the shell with the funnel turned
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towards the keel. It swims by the jets ofwater emitted from the
funnel, and crawls upon the sea-bottom, head downwards, carrying
its shell on its back. The male Argonaut (fig. 150) is only about an

~“inch in length, has no shell, and has all its arms alike, except the

ik
\

one which is metamorphosed into the “hectocotylus.” The Poulpes

Fig. 151.— Argonauta argo, the Paper Nautilus, female. The animal is l'ol-rvs.t'ntcd in
its shell, but the webbed dorsal armns arve separated from the shell which they
secrete, and which they ordinarily embrace.

(Octopi) are universally distributed in the seas of both temperate

4nd tropical regions. They are the “polypi” of Homer and Aris-
ht"t]e, and are voracious animals inhabiting rocky shoves.

b The Decapoda ave chiefly found in the open sea, often in enormous

HNumbers, and the best known are the Calamaries and Squids. The
body is elongated, and is always furnished with lateral fins, with
which they swim actively. The shell is internal, hidden in the
mantle, and differs considerably in different members of the group.
In the common Calamaries it forms a horny pen, with a central
shaft and two lateral expansions or wings (fig. 152, b). In the
genus Sepia, the skeleton is caleareous, and is sometimes called the
“cuttle-bone ” (fig. 152, ). In the curious Spirule of recent seas,
the shell is rolled up into an open spiral, and is divided by calcareous
partitions into a succession of chambers (fig. 152, ¢), which are placed
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in communication with tne another by a small tube or “siphuncle.”

The shell thus constituted is buried in the mantle at the hinder

end of the body (fig. 154). Lastly, in the curious extinct group of _
the Belemnites, which also belong here, the elongated body was i
supported by a long dart-like internal skeleton, the chief portion\7/
of which consisted of a eylindrical pointed fibrous body, called the |
“guard” In front, the gnard was hollowed out into a conical |
cavity, in which was lodged a singular series of chambers, united

by a tube or “siphuncle,” and forming collectively what is called

A Iy i
o 1,_-5;5'1,0;'[ :::tflnml skelcto:, of Sepia ornata; b Pen of Histioteuthis ponelliona ;i |
Phragmacone”) of Spirula fragilis; d Animal of Spirula Peronii. ,A

N
1

A

« .. n
ltéfgecll)hfl ;5::::3011_8-‘; In front of that, again, the skeleton was prO):
; ' 1nto a more oy G 5 horn,
&S Slon e sl less extensively developed
c/c;z?e second order of the Cephalopoda—that of the Tetrab™"”
. ;:;(clm]x;pnses forms characterised by being creeping anima™
i Yl an external many-chambered shell, the partitions be-
e “’. chambers being perforated for the passage of @ 081 2
4 tli‘s o1 cal&:weous tube, termed the “siphuncle.” The arms o
1an ten in number, and are devoid of suckers ; the gills ™S
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four in number, two on each side of the body; the funnel does not
form a complete tube; and there is no ink-bag.

Though abundantly represented by many and varied fossil forms,
the ol.lly living member of the Zetrabranchiata with which we are
dcquainted is the Pearly Nautilus, which has long been known by
“:5 be:'mtiful chambered shell. The shell of the Pearly Nautilus
(fig. 1-’)-"{) is coiled into a spiral, and is many-chambered, the cham-
bers being walled off from one another by curved shelly partitions or
septa, perforated centrally by a foramen which transmits a mem-

Fig. 158.—Cephalopoda, Sepia elegans. Fig. 154.~-Anatomy of Spirida
australis (after Owen), show=
ing the position of the
skeleton.

}:Itz';:zsc]r“be or siphuncle. The animal inhabits only tl.le Jast and
Th“’?ber of the shell, from which it can pr(?trude its head :;lt

W derst,ooil .llnctIOI-l of the chambers of the shell 1s.not very clea}ﬁy
gravity of ,1 but i appears to be that of reducing the specilic
ey ap .tle shell to near that of the surrounding water; since
unim:xll pe:}x' to be filled with some gas apparently secreted bybthe
are ﬁ‘ll;xd iOOd authorities, however, believe that these chn.m'ers
Way ith water. The siphuncle does not communicate i any
¥ with the chambers of the shell, and its functions are also un-
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known, except that it mast certainl
of the shell.

Of the fossil Tetrabranchiata the most important are the Ortho-

y serve to maintain the vitality

cerata, and the dmmonites. The Orthocerata played a very Important ™\

part in the seas of the Palwozoic or Ancient-life period of the earth’s
history, in which they apparently filled the place now taken by the
predaceous Cuttle-fishes. They agreed with the Nautilus in having
a many-chambered shell, divided by curved partitions, perforated
by a tube or siphuncle. The shell, however, differed from that of
the Nautilus in not being curved or coiled up, but in being straight.
In other nearly allied forms the shell was bent or even partially coiled
up, but never so completely as in the true Nautili. Many of the

Fig. 155.—The Pearly Nautilus (Nawtilus pompilivs). a Mantle; b Its dorsg)
18, S &)

fold ; .
¢ Hood ; 0 Eye; t Tentacles ; f Funnel. \

Orthocerata were of small size, but some of them were colossal, g}

: : tellg A)
having been found of six or seven feet in length, and as thick ag

the
bo’%ieoil?nz:::im (fig. 156), with a number of allied forms of varied
shapes and beautiful structure,' appear to have mkefx the place of the
Nautilide, to a great extent, in the seas of tlu.z Secondary period ;
at which time, too, Dibranchiate Cephalopods first m_:\de.their ap-
searance. The true Ammou.xtes resem'hled the: Nautilus in lmving
zlmnny-ch ambered shell, which was coiled up into a spiral, but the
position of the siphuncle was different, and the partitions or septa
between the various chambers of the shell were wonderfully folded

by

N

y
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and lobed instead of being simply curved. ©The numerous beautiful
shells allied to the Ammonites cannot be even mentioned here; but
itis to be remembered that they are principally characteristic of the

Fig. 156.— Ammonites bifrons, from the Lias.

Secondary period in geology, and that they are hardly known as
occurring in the older period (Palwozoic epoch).
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CHAPTER XXIIL : ’

GENERAL CHARACTERS OF THE VERTEBRATA. V
{
TrE five sub-kingdoms which we have previously considered—viz.
the Protozoa, Calenterata, Echinodermata, Annulosa, and Mollusca—
were grouped together by Lamarck into one great division which
he termed the Znvertebrata. The remaining sub-kingdom, that of
the Vertebrata, is so well-marked and compact a division, and its
distinctive characters are so numerous and so important, that this
mode of viewing the animal kingdom is, at any rate, a very conve-
nient one.

The sub-kingdom Vertebrata includes Phe five great classes of the
Tishes (Pisces), Amphibians, Reptiles, Birds (dAves), and Mammals s
and the name of the sub-kingdom is derived from the very general,
though not universal, presence of the bony axis known as the “ verte-
bral column? or backbone. One of the most fundamental of the
distinctive characters of Vertebrate animals is to be found ip thei!
fact that the main masses of the nervous system (that is to say tl:&t
brain and spinal cord) are completely shut off from the general c::\’-ityz&
of the body. In all Invertebrate animals (fig. 157, A) the body may .
be regarded as a single tube, enclosing all the viscera ; and conse- 5
quently, when a distinct nervous system and alimentary canal are |
present, these are in no way shut off from one another. The trans-
verse section, however, of any Vertebrate animal (fig. 157, B) shows
two tubes, one of which contains the great nervous axis (), or brain
and spinal cord, whilst the other contains the alimentary canal, the
chief cireulatory organs, and certain portions of the nervous system
(%) which are known to anatomists as the “sympathetic” system.

s =
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Leaving the brain and spinal cord out of $tght for a moment, we see
that the lower or visceral tube of a Vertebrate animal contains the

digestive canal (b), the hwemal or blood-vascular system (c), and a

system of nervous ganglia (#). Now this is exactly what is con-
tained within the visceral cavity of any Invertebrate animal ; and
it follows from this that the “ cerebro-spinal” nerve-system of the
Vertebrata is a structure for which no precise parallel exists among
Invertebrates.

Another peculiarity which is present in all the Vertebrata is, that
at an early period of life there is developed in the lower wall of the
tube which contains the cerebro-spinal axis a singular structure
known as the “notochord,” or “chorda dorsalis” (fig. 157, B, ck).
This is a semi-gelatinous rod, tapering at both ends, and extending
along the floor of the cerebro-spinal tube. In some cases the noto-
chord remains permanently in this condition, but in most cases it is
replaced at maturity by the bony column or backbone, from which
the Vertebrata devive their name. The general structure of the

Fig. 157.—Diagrams representing transverse sections of one of the higher Invertebrata,
A—and one of the Vertebrata, B. a Wall of the body; b Alimentary canal; ¢
Hiemal or blood-vaseular system ; # Nervous system ; n’ Cerebro-spinal axis or
brain and spinal cord, enclosed in a separate tube; ch Notochord, or chiorda
dorsalis.

vertehral column will be deseribed shortly, and it is sufficient to
State here that it consists of a series of bony or cartilaginous seg-

ments or ©vertebree,” mranged so as to form a longitudinal axis

T T 9

upon which the spinal cord is supported. It is to be remembered,
however, that all Vertebrate animals do mnot possess a vertebral
column. They all possess a notochord, but this may remain per-
sistent throughout life, and in many cases the development of the
spinal column is very imperfect.

The skeleton of all Vertebrate animals is internal, and the muscles
are attached to its several parts. The value of this character is in
no way affected by the fact that many Vertebrates, such as the
Tortoises, Crocodiles, and others, possess an external skeleton as
well. The Zimbs of Vertebrate animals are always articulated or
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jointed to the body, and they are always turned away from that
side of the body (the “neural ” side) upon which the great masses
of the nervous system are placed. The limbs may be altogethex
wanting, or partially undeveloped, but there are never more than
two pairs, and they always have an internal skeleton for the attach-
ment of the muscles of the limb.

A distinct blood-vascular or “ hemal ” system is present in all
Vertebrates, and in all except one—the Lancelet—there is a single
contractile cavity or heart, furnished with valvular openings.

Lastly, the masticatory organs of all Vertebrates are modifications
of parts of the walls of the head, and are never modified limbs or
hard structures developed in the mucous membrane of the digestive
tube, as they ave in the Invertebrates.

The above are the leading characters which distinguish the Ver-
tebrata as a whole ; and before going on to consider the differen{
classes, it may be as well to give a short and general sketch of the-,
anatomy of the Vertebrates, commencing with their hony frame- ‘i/"

e

work or skeleton.

The skeleton of the Vertebrata may be regarded as consisting of
the bones which go to form the trunk and head on the one hand,
and of those which form the supports for the limbs on the other
hand. The bones of the trunk and head may be regarded as essen-
tially composed of a series of bony rings or segments, arranged
longitudinally. Anteriorly, these segments are much expanded and
also much modified to form the bony case which encloses the brain
and which is termed the eranium or skull. Behind the head, the
segments enclose a much smaller cavity in which is contained the
spinal cord, and they are arranged one behind the other, forming
the “vertebral colummn.” The segments which form the vertebral
column are called ¢ vertebre,” and they have the following general
structure. Each vertebra (fig. 158, A) consists of a central portion
kuowxg as the “body,” or “ centrum ” (¢), placed immediately below ).;
the spinal cord, and giving origin to certain processes.” The ends ll,s'

of the bodies of the vertebre are all united together in different

Ways, so as to give the column sreat flexibility, From the backof
the body of the vertebr; & ik

} 4 proceed two bony arches which unite
be.hmd and thus form with the cenfrum a bony canal in which the
spinal cord is contained, For this reason these arches (n) are called
thg “neural” arches, From the point where the neural arches
unite—that is to say, from the hack of the neural canal—proceeds a
long pr(')cess, sometimes cleft at its extremity, termed the ¢ spinous
Process” (s). Springing also from each neural arch is a second
shorter process (@) termed the “articular process,” since by means
of these, as well as by the bodies, the vertebre are jointe(i or “ar-

‘»

—
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ticulated ” together. Also arising from tlee neural arches at their
junction with the body of the vertebra, there may be two lateral
‘brocesses () which are called “ transverse processes.” This is the
e

1

S

n -

oo 5 oy 1
T B
b

Fig. 158.—A, Vertebra (lumbar) of a Whale: ¢ Centrum or body ; # Neural arches;
s Spinous process ; a Articular process ; d Transverse processes, B, Thoracic seg-
ment or vertebra : ¢ Centrum of vertebra; »2 Neural arches, enclosing the canal for
the spinal cord ; s Spinous process ; » Ribs; p Costal cartilages; b Breastbone or
sternum.  (After Owen.)

ordinary structuwre of the vertebra of a Mammal, and the names
here used are those applied to the parts of the vertebra in human

Fig, 155'.-.Skelcton of an Armadillo, showing the regions of the vertebral column.
¢ Cervieal region; d Dorsal region ; I- Lumbar region; s Sacral region; ¢ Caudal
region or tail,

a > : .
Natomy. In comparative anatomy, however, these parts have

Proper technical names which can be employed for them in all ani-
mals alike, :
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In the typical vertebra the segment is completed by a second
arch, which is placed in front of or beneath the body of the verte-
bra, and which is known as the “hremal” arch, as it includes and
protects the principal organs of the blood-circulation (fig. 158, B).™
[This second arch is often only recognisable with great difficulty, as 74
its parts are generally much modified ; but  /
a good example may be obtained in the «
human thorax. Here, attached to the front
of the vertebrie, we find a series of bony
arches, known as the ribs (»), followed by a
series of cartilaginous pieces of a similar
shape, termed the “costal cartilages™ (p), the
whole united in front by a central bone,
known as the breastbone or *sternum” (b).

As a general rule, amongst the higher
Vertebrates, the following regions may b
recognised in the vertebral column : Tirstly, }4

the cervical region (fig. 159, ¢), comprising a
variable number of vertebr:e, which con- !
stitute the neck, and immediately follow
the head. Secondly, the cervical region is
succeeded by a variable number of vertebrie
which usually carry ribs, and are known as
the dorsal vertebree (d), or vertebre of the
back. Thirdly come certain vertebrze which
constitute the Zumbar region (1), or the
region of the loins. Fourthly, there usually
follows a series of vertebrse which are im-
movably united together to form a single
P - . bone, which is termed the sucrum (s).
Fif,'l A0S Orealimbiof the Lastly, there comes a variable series of
Chimpanzee. ¢ Collar-bone, o S :
or clavield; s Shoulder- Vertebrie which are usually free and moy- i
blade, or scapuli; & Bone able upon one another, and which con- |
zz“‘t“,“’:::; ‘:’;’"1"“{}::2';‘"(; stitute the caudal region, or the region of AL
Bones of the wrist, or car- thetail (7). ~ AR
pus; m Bones of the root  The nature of the bones which enter into
;:f g:fn’el:":i" ofhl::le(tl‘ilf?t?uz: the composition of the limbs varies somewhat
Phalanges. “" 7 in different Vertebrates in accordance with
their mode of life; but in all the higher
members of the sub-kingdom the limbs are built upon a general and
easily recognisable type. The fore-limb consists generally of the
following parts: 1. A series of bones uniting the limb to the trunk,
the two most important being the shoulder-blade (scapula, fig. 160, 8)
and the coracoid, while a collar-hone (clavicle) may also be present.
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2. '.l‘he bone which forms the upper portiomof the limb proper, and
“'1_’1011 is known as the Awmerus (k). 3. Two bones which form the
_ middle portion of the limb (e.g., the fore-arm in man), and which are
NS known as the radius and ulna (r and w), of which the former is
the bone mainly concerned in carrying the hand or fore-foot. 4. A
1‘. number of small bones, which form the wrist, and are termed the
' earpus (d). 5. The cylindrical bones (usually five in number) which
form the root of the hand, and are known as
the metacarpus (m). 6. The bones which form
the fingers proper, and which are known as
the phalanges (p).
] Ess.enti;,,uy the same parts can be traced in
]t)ll:i lglmd-limb of a typical Vertebrate animal,
b ey are knf)\\'n by different names. The
ines which unite the limb to the trunk are
~ ‘(L’e:{:u-y more or less completely united to-
Yithe 3’: constituting a single mass, known as-

i lo‘vEd‘"‘ﬁ"l'l(lte bone (fig. 161, 7). This is fol-
fosusns ): a long cy!mdrical l)on?, w}nch
B ia klh upper portlon_of the lfmd-hmb,
f). F 111;)“'1} as tl{e “thigh-bone,” or femur
the sh';.lok owing this are the two b?lles of
i o% tlh’ corresponding to the radius z.m.d .
e e fore-limb, and known as the -tzbza
cor"ésl)oﬁal (t and s). _Of these?, the'tzbza (2)
Cerhed 1 ds to t.he radius, and is mainly con-
series of 1 carrying the foot. Next comes a

and. e IS:D&U bones, which form the agklfa,
Succeeded ‘{)0“’" as the tarsus (- This is

~ (“sllally & M A series of cylindrical bones
|Xogt ve in number), which form the BV

b of the foot, and which are termed the Fig. 161.—Hind-limD of the

541..‘““7'81(8 (m). Finally, the metatarsus is Chimpanzee. i'!mxomt-

( ?ceeded b Aty ¥ ety nate bone: f Tlug.;h'-bt.mo,

thiy- i y the bones of the toes, which in  or femur; ¢ 'mnar ¥ s

are agai v i 3 1es of the

B i o e BB () e e
fach toe o ¢ digit 5 B PLasADg tarsus; p Phalanges.

eneq ?n(i.lt‘?z:t“'e system of tl_m Vertebrate d(:)es not 1:equire a lengf.h-

have fo. the.ir {l}e mOut.h is usually furmshed with zeeth, W.h}Cll

M Whiich it cq cblef function the reduction of the food to a condition

Shakeg; the te:th‘e digested. In some animals, however, such as th‘e

Cation; ang in tﬁl‘e only used to hold the prey, and not for masti-

Wrnigheq \\’itho ers, such as the turtles and birds, the jaws are not

any teeth at all. The food is also usually subjected
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in the mouth to the action of a special fluid—the saliva—which acts
chemically as well as mechanically upon the food, and which is

secreted Dy special glands, known as the “salivary glands.” From

the mouth the food passes through a muscular tube—the gullet, o
wsophagus (fig. 162, g)—to the proper digestive cavity, or stomach “Yu
(5). Here it is subjected to the action of a special digestive fluid— ¢
the ¢ gastric juice —and is converted into a thick pasty fluid, which

Fig. 162.—Digestive system of a
Mammal, g Gullet or eesophagus;
s Stomach ; sm Small intestine;
tm Large intestine; r Large in-
testine terminating in its final
portion, called the *rectum.”

is called chyme. TFrom the stomach
the chyme passes into a long con-
voluted muscular tube, which is called
the “small intestine” (sm). Here it
is subjected to the action of two other
digestive fluids, called the “bile ” and
‘ pancreatic juice,” as well as to the !
fluids secreted by the intestine itself,

The bile is secreted by a large glnliul,

which is known as the “liver,” whilst ‘y,

the pancreatic juice is produced by an.

other, termed the *pancreas,” both /
pouring their secretion into the upper

part of the small intestine. By the
combined action of these digestive

fluids the chyme is ultimately con-

verted into a milky fluid, which is

called chyle, when it is fit to be taken ' |
up into the blood-vessels. The small l
intestine finally opens into a tube of |
larger diameter, which is called the :
“large intestine ” (Im), and this opens
on the surface of the body by an anal
aperture. In the large intestine the
last remaining portions of the foqq //
which can be rendered useful aye abj
sorbed into the blood, the indigesti,
portions being ultimately got rid of ag \
useless, The fluid products of diges-
tion (chyle)' are chiefly absorbed from

the intestinal canal by a set of special vessels, which are present in all
Vertebrates, and which are called the lacteals, from the milky fluid
which they contain. These lacteals combine to form a large trunk,
by which their contents are ultimately added to the circulating

which ramify on the intestinal canal, and which ultimately unite to

blood. Part of the products of digestion is absorbed by the veins, '

form a great vessel, called the “vena porte,” which goes to the liver.
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| The materials, however, which are takennp in this way also ulti-

1 mately reach the circulating blood. In this way, therefore, fresh

_ matter is being constantly added to the blood to replace the waste

, _~caused by the performance of the vital functions.

; The blood is thus formed out of the materials which are taken

into the alimentary canal as food ; and in almost all of the Verte-

: | brata it is of a red colour, when viewed in mass. This is due to

the presence in it of numerous microscopical particles, which are

' known as the “Dblood-corpuscles,” the fluid itself being colourless.

' ' In fig. 163 are represented some of the forms of blood-corpuscles
" which are found in different divisions of the Vertebrata.

10 2F @ 0 Y0

Fig. 163.—Blood-corpuscles; magnified. « Man; b Goose ; ¢ Crocodile ;
d Frog; ¢ Skate.

The blood is always distributed through the body by means of a
system of closed tubes, which constitute the “blood-vessels,” and
with the single exception of the Lancelet, it is always propelled
by means of a contractile muscular cavity or “heart.,” The heart
and other circulatory arrangements differ considerably in different
classes of the Vertebrata, but these differences will be best considered
at a later period. - Respiration in all the Vertebrata is effected by
‘means of distinct breathing-organs, assisted in many cases by the
a skin. In the water-breathing Vertebrates, such as fishes, the res-

piratory organs are in the form of gills or branchize, which are richly
supplied with blood, and are exposed to the influence of water hold-
ing oxygen in solution. In the air-breathing Vertebrates, t}le
breathing-organs are in the form of lungs. These essentially consist
 of cellular or spongy organs, placed in the cavity of the chest, richly
Afurnighed with blood-vessels, and receiving constant supplies of fresh
/" air by means of a tube which opens in the throat and is known as
" the “windpipe,” or trackea. In the higher Vertebrates the heart
becomes a double organ, one side being concerned wholly with
driving the impure (venous) blood to the lungs, whilst the other side
propels the pure oxygenated (arterial) blood to all parts of the body.
The waste substances of the body—of which the most important

ave water, carbonic acid, and the peculiar substance called wrea—are
got rid of by the skin and lungs, but principally by two glands which
are called the Aidneys. The excretion of wrea from the body, asa gen-
eral rule, is wholly effected by means of the kidneys alone ; and this is

P
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their most important fupction, as the retention of this substance
within the body rapidly. causes death. The secretion of the kidneys
" is sometimes got rid of by means of special canals appropriated to
this alone; but in the lower Vertebrate it is discharged into the) =
hinder extremity of the alimentary canal, and is evacuated along  “y /'
with the undigested portions of the food. ):
The nervous system varies greatly in its development in the Verte- {(
brata. In the little fish called the Lancelet, the main mass of the *
nervous system consists of a cord of nervous matter, representing the
spinal marrow, but not having in front any enlargement which repre-
_ sents the brain. In all the other Vertebrata the central masses of
the nervous system (termed the cerebro-spinal aris) consist of a nerv-
ous cord (the spinal cord) contained in the canal formed by the
newral avches of the vertebrwe, and of an anterior mass of nervous
matter, which is plotccted by the skull, and is termed the “enceph-
alon,” or brain. The size and development, however, of the ln-m&\
rary cnormously in different Vertebrates ; and in the lower formg"
the brain is little more than an aggregation or collection of nervous ¥
masses or “ganglia,” of which some are connected with the special }(‘
senses, sight, hearing, taste, and smell, special organs for which are
present in almost all the Vertebrata.
Reproduction in the Vertebrate is always truly sexnal, the sexes
are almost always in different individuals, and in no case are com-
pound organisms produced by a process of budding or fission. Most 1
are oviparous, producing eggs from which the young are developed.
Some retain the eggs \vlthm the body till the young are hatched, but
no direct connection is established between the young mnm.ll and
the parent ; and these are sometimes said to be ovo-viviparous. The . !
higher Vertebrates, however, bring forth their young alive, and are '
said to be viviparous (Latin, vivus, llvmfr ; and pario, T bring forth),
Prixrary DIVISIONS OF THE VFRTLBE{AT.\. —The lu-teba e ave
raviously divided into great primary sections by different Writers,
and all of these dl\'lSlOl)‘! have more or less merit. Here, howe‘.el_
the classification proposed by Professor Huxley will be follo“ red 'llld
it is not necessary to enter into any consideration of the otherq At
has also been thought advisable to give in this place a brief account "'
of the leading chamctem which separate these divisions from one
another, though it is not to be expected that the learner will he able
to appreciate the full value of these characters till he has completed
his study of the Vertebrata as a whole.
The Vertebrate are divided by Professor Huxley into the following
great divisions :—

T. IcuruyopsipaA (G:. dhthus, a fish ; and opsis, appearance).—In
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this section are included the Fishes (Class Pgsces),and the Frogs, Newts,
and their allies (Class Amphibia). They are all characterised by the
fact that they possess gills or branchiwe, either throughout life or

“during the eamrlier stages of their existence ; that they possess nu-
cleated red blood - corpuscles (Z.c., blood-corpuscles with a central
particle or nucleus, fig. 163, d, ¢), and by certain embryonic charac-
ters as well. From the temporary or permanent possession of gills,
they are often spoken of as the Branchiate Vertebrates.

1L Savropsipa (Gr. saura, a lizard ; and opsis, appearance).—In
this division are the Birds (Class ves), and the true Reptiles (Class |
Reptilia). They are characterised by the fact, that at no time of
their life ave they ever provided with gills ; that the skull is jointed
to the vertebral column by a single articulating surface (or condyle) ;
that the lower jaw is composed of several pieces, and is united to the
#kull by means of a special bone (called the os quadratum); that
they possess nucleated red blood-corpuscles (fig. 163, b, ¢), and by
certain embryonic characters as well.

I1I. Manarania (Lat. mamma, the breast).—In this division are
all the ordinary Quadrupeds ; characterised by the constant absence
of gills; by the skull being jointed to the vertebral column by two
articulating surfaces (or condyles) ; by the fact that the lower jaw is
composed of only two pieces, and is not united to the skull by means
of a special bone (the guadrate bone) ; by having non-nucleated red
blood-corpuscles (fig. 163, @); and by having special glands—the
mammary glands—which secrete a special fluid—the milk—by
which the young are nourished for a longer or shorter period after
birth.

These three primary divisions comprise the five great classes into
which the Iertebrate ave divided :—

. Pisces (Fishes).

Amphibia (Frogs, Newts, &c.)
. Reptilia (True Reptiles).

Awes (Birds).

Mammalio (Quadrupeds).

h
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ICHTHYOPSIDA.
CHAPTER XXIIL
CLASS I. PISCES.

Tue fishes form the lowest class of the Vertebrata, and they may be
broadly defined as being Vertebrate animals provided with gills,

whereby they are enabled to breathe air dissolved in water; zhe Vol
Ui

heart, when present, consists of a single auricle and ventricle (with
the exception of the Mud-fishes); and the limbs, when present, are
in the form of fins, or expansions of the integument.

In their external form, fishes are in most cases adapted for rapid
locomotion in water, the shape of
the body being such as to cause the
least possible friction in swimming.
To this end, as well as for purposes
of defence, the body is generally
enveloped in a species of chain-mail
formed by overlapping scales, to
which bony plates, tubercles, and
spines are sometimes added. Val-
uable characters can sometimes he

and with a view to this, the integ,. /

mentary appendages of fishes ]l«:\'e /Q

b?elx divided by Agassiz as follmimy

Fig. 164.—Scales of different fishes. (fig. 164):— "
@ Cyeloid scale (Pike); b Ctenoid 1. Cycloid scales (a), consisting of

seale(Perch); ¢ Placoid scale (Thorn- : e R 5
back); d Placoid scale of Rhina; e thin, flexible, horny scales, which

Ganoid seales (Palioniscus.) ave circular or elliptical in shape,
and have a smooth outline. These

seales oceur in most of our common fishes (e.g., the Pike),
2. Ctenoid scales (b).—These resemble the cycloid scales in being
thin, flexible, horny scales, but they are distinguished by having
their hinder margins cut into comb-like projections, or fringed with

drawn from the nature of the scaleg. ) /*
Y

\
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spines. The common Perch supplies a® good example of these

scales.
3. Placoid scales (¢, d).—These are detached bony grains, tubercles,

\(" or plates, scattered through the skin, and sometimes armed with
projecting spines, these latter being usually composed of a substance

3.k " allied to dentine.

4. Ganoid scales (¢), composed of a layer of true bone, covered by
a layer of hard polished enamel.—These scales are usually much
thicker and larger than the ordinary scales’; they are often oblong
. or rhomboidal in shape; they are often connected together by little

" processes; and they generally are in contact by their edges, but
rarely overlap one another. »
In most fishes there is also to be observed a line of peculiar scales,
forming what is called the Jateral line.” Each of the scales of this
line is perforated by a minute tube, which leads into a longitudinal
¢ canal, supplied with special nerves; and the whole apparatus has

\ apparently a sensory function.
As regards the true internal skeleton, fishes differ very widely

from one another, but th

few of the most important points can be mentioned here.
fish—the Lancelet—there can hardly be said to be any true skeleton,

the vertebral column being represented permanently by the semi-
gelatinous notochord (fig. 171). In others, such as the Lampreys,
Sturgeons, and Rays, the skeleton remains permanently in the con-

dition of gristle (cartilage); in others, it is partially cartilaginous and
partially ossified ; and lastly, in most modern fishes it is completely

3 converted into bone. The vertebral column in a Bony Fish consists
of a number of vertebra which are hollow or cup-shaped at both

ends (biconcave or “amphicolous ™, the cup-like margins being
ents. The cavities formed by the apposi-

united together by ligam
" tion of the vertebrwe are filled with the gelatinous remains of the

A . .
Notochord. This gelatinous elastic substance acts as a ball-and-

e skeleton is so complicated that only a
In one

| {i0cket joint between the vertebre, thus giving the whole spine the

eXtreme flexibility which is essential to animals living in a watery
: medium. The entire spinal column is divisible into no more than
two distinet regions, an abdominal and a caudal. The abdominal
vertebr possess a superior or newral arch, for the passage of the
spinal cord, a superior spinous process, and two transverse proCesses
to which the ribs are attached. The caudal vertebre have no marked
transverse processes; but, in addition to the other parts already
mentioned, they give off an inferior or kemal arch, below the body
of the vertebrw, and they carry nferior spinows processes (fig. 165,
k). v The r¢hs are attached to the transverse processes or to the
bodies of the abdominal vertebrae (fig. 165, 7); and they do not

. R L & Wy
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enclose any thoracic cavigy, or protect the organs which are usually

contained in the chest—namely, the heart and breathing-organs.

The anterior or lower ends of the ribs of fishes ave free, or aye

ravely united to hard productions of the integument ; but there js
never any breastbone or sternwm properly so called.

The only remaining bones of the trunk proper ave the so-called
“interspinous bones” (fig. 165, 77). These are a series of pointed
dagger-like bones, embedded in the middle line of the body, between
the great lateral muscles which form the greater part of the hody of
a fish. The inner ends or points of the interspinous bones are at-
tached by ligament to the spinous processes of the vertebrw, and at
their outer ends they support the framework (rays) of the so-called

d N

\
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Fig. 165.—Skeleton of the common Perch (Perca fluviatilis). p Pectoralfin; v One of
the ventral fins ; @ Anal fin, supported upon interspinous bones (i): ¢ Cauda) fin :
d First dorsal fin; d’ Second dorsal fin, both supported upon interspinous lmnt-ﬁ:
i ¢ Interspinous bones; » Ribs; s Spinous processes of vertebre ; A Hwmal l)ro:
cesses of vertebric.

“median” fins. As a rule there is only one interspinous hone to
each vertebra, but in the Flat-fishes (Sole, Turbot, &c.) there aye b
The limbs of fishes may be wholly wanting, or one pair faas 0. i
absent, but in no case is the number greater than the regular Ve '\\‘_
brate type—namely, two pairs. When developed, however, the
limbs of fishes are very different from those of other Vertebrates,
consisting of expansions of the integument, furnished with bony
or gristly supports or rays, and thus constituting what are called
“fins” (fig. 166). The pair of limbs which correspond to the arms
of man and to the fore-limbs of other Vertebrates are termed the
pectoral fins, and they are attached to a bony arch which is attached
either to the back of the the skull or to the spinal column (fig. 165,
p, and 166, p). The hind-limbs in fishes are known as the ventral

P
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fins (figs. 165, 166, »), and arve not only ®ften wanting altogether,
but when present ave less developed than the pectorals and less fixed
in their position. They ave united to an imperfect bony arch, which
represents the innominate bones, or pelvic arch, of the higher Verte-
brates, but which is never joined to the spinal columm. In some
fishes the ventral fins are placed far back, and in these the bony
arch which supports them is freely suspended in the muscles. In
others the ventral fins arve altogether out of position, and are placed
beneath or even in front of the pectoral fins ; and in these cases the
pelvie arch is attached to part of the pectoral arch. The pectoral
and ventral fins represent, as just said, the fore and hind limbs, and
consequently there are always zwo of each, when they are present at
all. They ave therefore spoken of as the “paired” fins. Besides

of a Fish (Perca grandate), showing the “paired” and median "

Fig. 106.—Outline
Ventral fin; 4 First dorsal fin; d Sccond dorsal fing ¢

fins, p Pectoral finj v
Caudal fin ; @ Aual fin.

these, however, or in the absence of one or both of these, there is

« also o series of what are called “median ” fins ; that is to say, fins

Whic), ave placed in the middle line of the body, and which are wi-
“Pired, having no fellows. These median fins agree with the paired
fins in being expansions of the integument, supported by bony or
gristly supports or “rays,” and they are carried by the heads of the
“interspinous” bones, already described (fig. 165, 7 7). They are
variable in number, and in some cases there is only a single fringe
running round the hinder extremity of the body. Commonly, how-
ever, the median fins consist of one, two, or three expansions of the
dorsal integument, called the “dorsal” fins (fig. 165, d d’); one or
two on the ventral or lower surface near the vent, called the “anal”
fins () ; and a broad fin at the extremity of the vertebral column,
constituting the  candal ” fin or tail (¢).
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The tail in all fishes is' ﬁ]aced vertically—that is to say, it strikes
the water laterally or from side to side, and it is the chief organ of
progression in the fish. Two very distinct types of tail are found

amongst the fishes. In one of these, found in most living forms, -

the tail is composed of two nearly equal lobes which spring from the y
end of the spine (fig. 167, A). This form of tail is said to be “homo. [
cercal.” In the other type of tail, found in the Dog-fishes, Sharks, 9
and other living fishes, as well as in many extinct forms; the tail is
unequally lobed, and is said to be * heterocercal ” (fig. 167, B). In
these forms the vertebral column is prolonged into the upper lohe
of the tail, and the greater portion of the tail is found below the
spine.

In both the paired and the median fins the integument is sup-
ported by a series of spine-like bones, which are called « rays.”

Fig. 167.—A, Sword-fish, showing homocereal tail; B, Sturgeon, showine
. heterocercal tail. 2

These rays are sometimes simple ‘undivided rays or spines, whey, «
they are called “spinous rays” (165, ) ; but in other cases they are Jf
both divided by transverse joints, and split up into numerous lo ¥
gitudinal branches towards their extremities, when they are spok :L )
of as “soft rays” (165, d'). The soft rays occur in many ﬁsl\ea'%ll ‘
different fins, but they are invariably present in the caudal fin m-\ »
tail. -

As regards the digestive system in fishes, the mouth is usually
furnished with a complicated system of teeth, developed not oul.y
upon the jaws, but upon any or every bone which enters into the
composition of the oral cavity. The gullet opens into a stomach,
usually of large size, and its hinder aperture (the pylorus) is usually
furnished with a valve. Tmmediately behind the pyloric openin:g
of the stomach there is usually a variable number of blind tubes

Ny )
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(called the * pyloric ceca ”) which open int8 the intestine, and which
are believed to represent the pancreas. In some fishes, however,
there is a well-developed pancreas, and in others even these tubes
are wanting. The intestinal canal is a longer or shorter, more or
less convoluted tube, and its absorbing surface is sometimes largely
increased by a spiral folding of the mucous membrane, which winds
like a screw in close turns from near the pylorus to the anus. The
liver is usnally of large size, and saturated with oil, but in the
Lancelet it is doubtfully represented by a hollow sac-like organ.
The kidneys in fishes are of great comparative size, forming two

elongated organs, situated beneath the spine, and extending along

the whole length of the abdomen.

Respiration in all fishes is aquatic, and is effected by means of

\e gill-cover on the

Fig. 168.—Gills and heart of the Perch exposed by the removal of tl
b" The lower

left side. @ First of the four bony arches which earry the gills (b 0);
edges of the gills on the right side; # Heart. (After Van der Hoeven.)

' gills or branchie, in all except the Laucelet, in which respiration is
\ éffected by branchial filaments placed round the pharynx, and also
Y & greatly developed pharynx perforated by ciliated apertures
“(fig. 171). The arrangement and structure of the gills in fishes vary
a good deal in different orders, and the leading modifications will be

noticed hereafter. In the meanwhile it will be sufficient to give a

short description of the branchial apparatus in one of the Bony-

Fishes. In such a fish the gills consist of a single or double series of
flat cartilaginous leaflets, covered by mucous membrane, richly sup-
plied with blood, and arranged on bony or cartilaginous arches which
are connected with the tongue-bone (hyoid bone) below and with the
under surface of the head above (fig. 168). The branchial arches
and branchiee are suspended in cavities placed on the side of the
neck, and in the ordinary Bony Fishes there is only one such cavity
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The watér is taken in at the mouth by a process

analogous to swallowing, and it gains admission to the branchial
chambers by means of a series of clefts or slits which perforate the

Fig. 160.—Diagram of the circulatory systen:
in 4 Fish, the vessels containing venous
blood being longitudinally shaded, and
those containing arterial blood being cross-
shaded. wve Vena cava; vp Yena portie; aw
Auricle ; v Ventricle ; ab Bulbus arteriosus;
» Branchial artery ; be One of the divisions
of the branchial artery going to the gills,
from which proceeds one of the correspond-
ing branchial veins, by the union of which
the subyertebral norta (se) is formed ; i In-
testine ; & Kidney.

sides of the pharynx. Having
passed over the gills and lost
its oxygen, the effete water
makes its escape behind by
an aperture called the * gill-
slit,” whigh is placed on the
side of the neck. The open-
ing of the gill-slit is closed in
front by a chain of flat bones
which constitute the * gill-
cover,” and by a membrane
which is supported upon ! a
variable number of slendep-
bony spines. This is the gen.
eral mechanism of respiration
in one of the Bony Fishes, but
different arrangements are
found in other cases, which
will be subsequently noticed,
The /Aeart in fishes may
be regarded as essentially g
branchial or respiratory heart,
being concerned chiefly witl,
driving the venous and in,.
pure blood to the gills, Tt
consists in almost all eases of
two cavities, an auricle and
a ventricle (fig. 169). The
auricle (au) receives the vey,.
ous blood which has Passeq
through all the various pav
of the body, and propes@ic

into the ventricle (z). From %

the ventricle proceeds a single
great vessel (the *Dbranchial
artery ”), the base of which is
usually developed into & mus-

cular cavity, the ¢ bulbus arteriosus” (ab), which acts as & kind of

additional ventricle.

By the ventricle and bulbus arteriosus the

venous blood is driven to the gills, where it is subjcuted to the

action of the water.

The aerated blood is not veturned to the

A
/
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heart, but is driven from the gills Elu‘éughoall parts of the body, the
propulsive force necessary for this being derived partly from the
heart, and partly from the contractions of the muscles between
which the blood-vessels pass. The essential peculiarity of the cireu-
lation of fishes consists in this, that the arterialised blood returned
. from the gills is propelled through the general vessels of the body
(systemic vessels) without being sent back to the heart. In the
Lancelet, alone of all fishes, there is no single heart, and the circu-
lation is effected by means of contractile dilatations situated upon
several of the vessels. In the Mud-fishes (Lepidosiren and Cera-
todus) the heart consists of two auricles and a ventricle. In all

cases the blood is cold, or, in other words, has a temperature very
little, or not at all, higher than that of the suwrrounding medium.

The red blood-corpuscles (fig. 163, ¢) are always nucleated, and are

oyal in shape.
‘Whilst the respir

nevertheless, furnished with

ation of all fishes is truly aquatic, most are,
an organ which apparently corresponds
to (or is komologous with) the lungs of the higher Vertebrata. This
is known as the “air-” or swim-bladder,” and is a sac filled with
gas and situated between the alimentary canal and the kidneys. In
most cases the sac contains only a single cavity, but in many
instances it is variously divided by partitions. In most fresh-water
fishes the gases in the cwim-bladder are mainly composed of nitro-
gen, but in the ses _fishes it is chiefly filled with oxygen. The sac
of the swim-bladder is often closed, but in other cases it opens into
the gullet by means of a duct which corresponds to the windpipe.

In the great majority of fishes the functions of the air-bladder are

mainly hydrostatic—that is to say, it serves to maintain the neces-
sary agreement between the specific gravity of the fish and that of

the surrounding water. In the singular Mud-fishes (Lepidosiren
. aud Ceratodus), the air-bladder is composed of two distinct sacs,
\ divided into a number of cellular compartments, and opening into

\thﬁ gullet by a tube. In these fishes it acts as a respiratory organ,

and s therefore, not only in structure, but also in function, the
e of the lungs of the other Vertebrates.
an inferior type of organisa-
\sisting of
two

reépresentativ

The nervous system of fishes is of
tion, the brain being of comparatively small size, and cor
@ collection of ganglia. As regards the organs of the senses,
peculiarities deserve notice. In the first place, though fishes possess
the essential parts of the organ of hearing, they possess 10 external
ears, and mostly no external auditory openings. In the second
place, the organ of smell consists of a double cavity lined by a
mucous membrane folded into numerous plaits, into which water
is admitted, usually by two distinet apertures or nostrils. Behind,
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however, the nasal sacs ‘are closed, and they do not communicate
by any aperture with the throat, as they do in all the higher Ver-
tebrates. The only exceptions to this rule are the Hag-fishes and
their allies (Myxinoids), and the Mud-fishes (Lepidosiren and Cerato-
dus). The Hag-fishes and Lampreys are further peculiar in pos-
sessing, alone of all Vertebrate animals, a single nasal sac, openmg
by a smnrle external nostril.

As regards their 1eproduct1ve system, most fishes are truly ovi-
parous, aud the ovaries are familiarly known as the “roe.” Some
fishes are ovo-viviparous, retaining their eggs within the body till
the young are hatched. The male organs of reproduction are com-
monly spoken of as the “milt” or “soft roe.”

7
)
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ORDERS OF FISHES.

CHAPTER XXIV.
ORDERS OF FISHES.

TrHE number of different kinds of fishes is so enormous that nothing
f:‘l";l.lel‘ will !.)e_a.ttempted than merely to give an outline of the
0)'1( ing p_ecnlmntles which distinguish the different orders. The
/‘-‘f}ls‘Slﬁcatlon here adopted is the one now most usually followed, by
} ich the class Pisces is divided into the following six orders :—
1. Pharyngobranchil.
o Marsipobranchir.
3. Teleoster.
4. Ganoidel.
5. Elasmobranchit.
6. Dipnui.'

}
\

ORDER -I. PHARYNGOBRANCHIL

A 75;2§021-de1- of fishes includes only a single ml.imal,'t-l_le m-lonmlous
all jtg il‘n“'?: '01' Lancg:let-, the organisation of which differs m almost
clasg, I]i)o; tant points from that of all the other members of the
orgmlimﬁma“t, the Lancelet presents us with the lowest type of

1 a8 yet known in the Tertebrata. The Lancelet (fig. 170)

e ——————— S ——
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Fig. 170, 1
Ph“r}'“g‘)bmnchii. The Lancelet (Amphiozus lanceolatus), enlarged.

is an ext
Xtraordins : 4
ordinary little fish, from one and a half to two inches

Ong .
» Which burroyes i ; .
WTows in sand-banks in various seas, but 1s especmlly

abunq .
isa;‘)tl‘ol\]vxi 1the Meditel‘mnean. The body is lanceolate in shape,
% a Tedia ded with a narrow membranous border, of the nature
Porg p ltl-,l fin, which rung along the whole of the dorsal and a
ancet.shapedle ventral smface, and expands at the tail to form a
caudal fin, There are no true “paired” fins, repre-
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senting the fore and hénd limbs. The mouth is a longitudinal
fissure, placed at the front of the head, and completely destitute of
jaws, but surrounded by a number of cartilaginous filaments. The
throat is provided with several leaf-like filaments which are rvichly™ o
supplied with blood, and are believed to discharge in part the function |
?f gills. The mouth (fig. 171, o) opens into a dilated chamber, which Z 3
15 considered to represent the pharynx, and is termed the pharyngeal { ,
or “branchial ” sae. The walls of this chamber () are strengthened {
by numerons cartilaginous filaments, between which is a series of
transverse slits or clefts, and the whole is covered with a richly cili-
ated mucous membrane. The function of this sac is clearly respira- ‘J
tull_\:,. the water from without being admitted through the mouth, |
PASSIng through the branchial clefts into the abdominal cavity, and h
::‘-]’:;I].\' escaping by means of an aperture placed on the ventral sur- |
b .’ - 1 1 v
lnmlcllxi-lll]ttle in front of the anus. From the‘ hinder end of t)llc

al sac proceeds the alimentary canal, which has appended to,

Y
/

7 .

rrrs

L7 S i r's

A e A I A 2 D A

enlnrged to twice its natural size.

xus lanceolatus),
g Stomach; L Diverticulum representing the liver ;

n Notochord ; Rudiments of fin-1ays; » Abdominal pore,

Fig. 171.—The Lancelet (4 mphio
0 Montl ; 3 Branchial s1¢3
U Intestine; ¢ ADUS:

it a sac-like organ believed to represent the liver, .an(l which
terminates behind in a distinet anal aperture. There is no heart,
and the circulation is entively effected by means of several cop-
tractile dilatations, developed upon the great blood-vessels. The', /

blood itself is colourless. No kidneys have hitherto been dis-// A
covered, and the reproductive elements are emitted into the abd(m) | :
inal cavity, from which they escape by the pore placed upon e R

lower surface.
There is no skeleton properly so called. The notochord (i)

remains throughout life as a semi- gelatinous rod, enclosed in a
membranous sheath, and supporting the spinal cord. There is no f
skull, and the spinal cord does not expand in front to form a dis- !
tinet brain or encephalon. The brain, however, may be said to he
represented, as the front portion of the nervous axis gives off nerves
to a pair of eyes, and another branch to a ciliated pit, which is be-
lieved to be a rudimentary organ of smell. . ‘
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3

Orper 1I. MARSIPOBRANCHII.

B ‘/ This order includes the Hag-fishes (Myxinide) and the Lampreys
(Petromyzonide), and it is defined by the following characters: The
body is eylindrical and worm-like, and is destitute of limbs. The

\ ) skull is cartilaginous, there is no lower jaw, and the notochord re-

mains through life. The month is circular and cup-like. The heart

is composed of an auricle and a ventricle, but there is no bulbus
arteriosus. The gills are pouch-like, communicating with the throat
on the one hand, and opening externally on the other by means of
apertures placed on the sides of the neck, or on the ventral surface.

The Hag-fish (Myrine) is an eel-like fish (fig. 172, A), which
agrees with the Lampreys in having neither pectoral nor ventral

4

Fig. 172, —Morphology of Marsipobranchii. A, Myxine glutinosa, the Hag-fish, show-
ing the sucker-like month, and the two ventral openings () by which the water
escapes from the gills. B, The River Lamprey or Lampern (Petromyzon fluviatilis),
Whowing the seven branchial apertures on the side of the neck.

',‘l!}s, the representatives of the fore and hind himbs. The mouth is
of 2 very remarkable character, and enables the Hag-fish to lead a
very peculiar existence. It is generally found embedded in the
interior of some large fish, into which it has penetrated by means
: of a single serrated and recurved fang attached to the centre of the
palate. The mouth itself is destitute of jaws, and forms a sucking
l disc or cup. Another remarkable peculiarity of the Hag-fishes is
found in the structure of the nose. In all fishes, namely, except
: these and the Mud-fishes (Lepidosiren and Ceratodus), the nasal
chambers are closed behind, and do mnot communicate with the
cavity of the mouth, as they do in the higher Vertebrates. In the

-
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Myxinoids, however, such a communication does exist. The nasal
sac is placed in communication with the throat (pharynx) by means
of a canal which perforates the palate. A second canal leads from
the nasal cavity in front to open by an external aperture (the nostrilj\
on the top of the head behind the mouth.

Another peculiarity, which is best considered in the Lampreys, is
to be found in the structure of the respiratory organs, from which
the name of the order is derived. When viewed externally, instead
of the single great “gill-slit,” covered by a “ gill-cover,” as seen in
the ordinary Bony Fishes, the side of the neck presents seven round
holes placed far back in a line on each side. These holes are the
external apertures of the gills (fig. 172, B), which in these fishes are
in the form of sacs or pouches, the lining membrane of which is
thrown into numerous folds or plaits, over which the branchial ves-
sels ramify. Internally the sacs communicate with the cavity of
the pharynx, by means of a common respiratory tube into whigh
they all open. It follows from this arrangement that the gill-"
pouches on the two sides of the neck communicate freely with one
another through the pharynx. The object of this arrangement is to /
obviate the necessity for admitting the water to the gills through
the mouth, as ordinary fishes do. These fishes are in the habit of
fixing themselves to foreign objects by means of the suctorial
mouth ; and when in this position, it is, of course, impossible that
they can obtain the necessary water of respiration through the
mouth. As the gill-sacs, however, on the two sides of the neck
communicate freely with one another through the pharynx, water
can readily pass in and out. The gills are not provided with cilia,
but the circulation of water is assisted by a kind of elastic cartilag-
inous framework upon which the whole respivatory apparatus is
supported, and which acts somewhat like the ribs of the higher
Vertebrates. /

In the Hag-fishes, the structure of the respiratory organs is essen- ,”
tially the same as in the Lampreys; but the gill- puuche‘; on each /
side are connected with a common tube, each of which opens on thel
ventral surface of the body by a small aperture placed at a (.omuléx<
able distance behind the head (fig. 172, A).

The Lampreys are distinguished from the Hag-fishes, not only by
having separate and ]atemll) placed apertures to the gill- pouches:
but also by the fact that the nasal sac does not open belund into
the throat. Some of them are inhabitants of rivers: but others
live in the sea, and, like the great Sea- -lamprey (Pd,am,/‘on mari-
nus), betake themsel\ es to fr esh waters for the purpose of spawning.
The young live in rivers, and pass through a curions metamorphosis.
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OrpER III. TELEOSTEL

The fishes comprised in this order, as implied in their name, have
a well-ossified or bony skeleton, and they are commonly known as
the “Bony Fishes.” In all the Zeleoster, the skeleton is bony, the
skull is composed of distinet bones, and there is a lower jaw. The
vertebral column always consists of more or less completely ossified
vertebrae ; and the two pairs of limbs, when present, ave in the form
of fins, supported by rays. The gills are free, comb-like or tufted
in shape, and always protected by a bony gill-cover. The bulbus
arteriosus is mot capable of regular contractions, and is separated
from the ventricle by only a single pair of valves.

dl
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. F"’"izt&—’l‘he common Perch (Perca fluviatilis). o Gill-cover, with the gill-slit behind

i 2 One of the pectoral fins, the left; v The left ventral fin; d The first dorsal

“":‘ @ The second dorsal fin; ¢ The caudal fin or tail; @ The anal fin; ! Lateral

an'(l]‘l;: ?_’i‘llel' Leleostei comprises almost all the most familiar ﬁshesZ
ere "n\l‘]\l be unnecessary to dilate here upon their stl:ucture, as they
It oy 5 b:l:l;s 'the type of the class in describing the fishes 'geneutlly.
in the anaton“ ell, hOWevgr, to recapitulate some of t-he: leading points
or less comp] lty L tl’f’ _Bony Fishes. 1. The skeleton is always more
out life Pletely ossified, and does not remain cartilaginous through-
* 1€ notochord is not permanent, and the vertebral column
(amph?c(’;‘l':lb?’r of distinct vertebree. The vertebrze, hm.vexlfe;'t,;
Ctween each 1 -“‘8’ or hollow at both ends, so that tlxene.ls e
“artilagingug (ln“"" a .douhl:y conical cavity, which is filled with th;e
Way an extr ds.eml‘gelatmous remains of the notochord. In tl'us
Ver nary amount of flexibility is given to the entire
0. Inng fish (except the Bony Pike, which belongs
Q

Consists of
arg ¢

a0r
tebra] colum
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to another order) is the conversion of the bodies of the vertebree into
bone carried further than this.

2. The integument usually develops scales, and these in the great
majority of cases are of the forms known as “cycloid ” and “ctenoid,”
the former being circular or elliptical horny plates, with plain mar- 1
gins ; whilst the latter have their hinder margins cut into comb-like ,} ;
projections or fringed with spines (fig. 164, «, ). ‘

3. The anterior and posterior limbs (fig. 174) ave usually, butnot
always, present, and when developed they are always in the form of
fins. These fins may be supported by “spinous rays” or “soft rays,”
or by both. The spinous rays are simple undivided bony spines
which taper to a point. The soft rays are doubly divided, splitting
up towards their extremities into a number of secondary rays,
and being also divided by transverse joints into numerous short
pieces. ' |

4. Besides the “ paired” fins which represent the limbs, there lfg

Fig. 174.—The Cod (Gadus morrhaa).

also a series of unpaired or “median” fins, the rays of which arve
supported upon a series of dagger-shaped bones, deeply plunged in I
the flesh in the middle line of the Dody, and known as the “intey- I
spinous ” bones (fig. 165). The median fins (fig. 174) ave variable iy, | f
number, but when fully developed they consist of one to three i/
on the back (the dorsal fins), one or two on the ventral surface (tL p)
anal fins), and one clothing the posterior extremity of the body (the!
caudal fin, or tail). In all the Z%lcoster, the caudal fin has the slmpe‘
called “homocercal “—that is to say, it consists of two equal lobes f
—and the vertebral column is not prolonged into the upper lobe :
(fig. 174).

5. The heart consists of two cavities, an auricle and a ventricle,
but the bulbus arteriosus is mot rhythmically contractile, and is \
“separated from the ventricle by only a single pair of valves.

6. The respiratory organs are in the form of free, comb-like, or
tufted gills, enclosed in two cavities placed on the sides of the neck. {

|
1
e 1
£
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Each of these branchial chambers opens exXternally by a single aper-

[t ture, the “ gill-slit,” which is protected by a chain of bones, forming

the © glll-covel ,” and by a membrane supported by bony rays. In-

~__7 temally the branchial ‘chambers communicate with the throat by a

g series of clefts or fissures, and the water required in respiration is
taken in at the mouth by a process analogous to swallowing.

p 7. The nasal sacs never communicate behind with the throat

‘ (pharynx).

!f TasvrLar VIEW oF THE Maix DivisioNs oF THE TELEOSTEL

} SuB-0RDER I. MALACOPTERL.—Usually a complete series of fins, supported
! by rays, all of which are sof¢, or many-jointed} (with the occasional exception
| of the first rays in the dorsal and pectoral fins). A swim-bladder is always
present; and is always connected with the gullet by a duct. The skin is ravely
nhked, and is mostly furnished with cycloid seales, but sometimes ganoid seales

are present.

{ Amongst the more important families in this sub-order are the Eels (Mure-
nide), Herrings (Clupeide), Pikes (Esocide), Carp (Cyprinider), Salmon and
Trout (Salmonide), and Sheat-fishes (Silurida).

SUB-ORDER II. ANACANTHINT. —Fins entirely supported by soft rays, and
never by spinous rays. Ventral fins either wanting or placed under the throat,
heneath or in advance of the pectorals,

The two leading families in this sub-order are the Cod, Ling, and Haddock
family (Gadide), and the Flat-fishes (Plewronectide), comprising the Sole,
Turbot, Flounder, and others,

SuB-0RDER T1L ACANTHOPTERL—Fins with one or more of the first rays in
the form of undivided, inflexible, spinous rays. Scales mostly ctenoid. Swim-
bladder without a duet.

The leading families in this order are the Wrasses (Cyclolabrida), the Perches
(Percide), the Mackerels (Scomberider), the Mullets { Mugilide,) and the Gobies
(Gobiidam).

SuB-0RDER 1V. PLECTOGNATHL —Certain of the bones of the month (the
¢ maxillary and priemaxillary bones) immovably connected on each side of the
Jaw., Iutegmueumr) skeleton in the form of ganoid plates, scales, or spines.

i The chief families in this sub-order are the File-fishes (Balistide), and the
Q'I‘r“llkh-hca (Ostraciontide).

| Stn.orper V. LoPHOBRANCHIL—Gill arranged in little tufts on the bran-
chial arches. Iutegumentary skeleton in the form of ganoid scales.

The two families contained in this division are the Sea-horses (Hippocam-
pide), and the Pipe-fishes (Syngnathide).

OrpER IV. (GANOIDEIL

The fourth order of fishes is that of the Ganoider, including few
living forms, but having a great and varied development in past
geological epochs. The Ganoids are dlstmgmshed by the generally
imperfect development of the skeleton, which is mostly cartilaginous.
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throughout life, and by having an integumentary skeleton composed
of ganoid scales, plates, or spines (fig, 164, d). The skull is com-
posed of distinct bones, and there is always a lower jaw. There axe
usually two pairs of fins (pectoral and ventral), supported by many “\
series of cartilages, and the ventral fins are placed very far back,
The first rays in the fins are usually in the form of strong spines,
The caudal fin or tail is mostly heterocercal or unsymmetrical (fig:
167, B). The swim-bladder is always present, is often cellular, and '\
is provided with an air-duct. The gills and gill-covers are essen-
tially the same as in the Bony fishes. The heart has oné auricle
and a ventricle ; and the bulbus arteriosus is rhythmically contrac-
tile, is furnished with a distinct coat of muscular fibres, and is
provided with several transverse rows of valves,

The best known of the living Ganoids are the Bony Pike or Gar-

Fig. 175.—A, Lepidosteus osseus, the *“ Gar-Pike" of the American Lakes; B, Aspido-
rhynchus, restored (after Agassiz), a Jurassic Ganoid allied to Lepidastens, but
having a homocercal tail, %

fish (Lepidosteus), the Sturgeon (Aeipenser), and the Polypterus.  Of 3
these, the Bony Pike (fig. 175, A), is found in the rivers and lakes /
of North America. It is a large fish, attaining a length of seve _,h
feet, and it has the body entirely covered with an arn?our of "'ux:;:lw
scales arranged in obliquely transverse rows. The jaws fol.ml:: lont 2
narrow snout, armed with a double series of teeth, and the tail ie;}-
heterocercal. The vertebral column is more perfectly ossified than
in any other fish, the bodies of the vertebrie being convAe.\- in front
and concave behind (* opisthocelous”).  The Polypterus inhabits the
rivers Nile and Senegal, and is remarkable for the peculiar structure
of the dorsal fin, which is broken up into a series of small detached
portions, each composed of a single spine in front, with a soft fin
attached to it behind. Some of the species of 1’¢;Iyptei'zls possess
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eaternal gills when young, which they 18se when grown up, thus
making an approach to the Amphibic. Many of the fossil Ganoids
are more or less closely allied to the living LZepidosteus and Polypterus.
N Another great group of the Ganoid fishes is represented by the
Sturgeons (Acipenseride), in which the skeleton is alway very im-
perfectly ossified, and the head, with more or less of the body, is
'y protected by large ganoid plates, which are often united together
at their edges by sutures (fig. 167, B). The true Sturgeons are
confined to the seas and rivers of the Northern hemisphere. They
mostly inhabit rivers ; but some live in salt water, and ascend rivers
for the purpose of spawning. They grow toa great size, and possess
a toothless mouth on the under surface of the snout. A curious
Ganoid found in the Mississippi is the Paddle-fish (Spatularia).
The living Ganoid fishes are essentially fresh-water types; and
ﬂ-‘e.\' are merely scattered survivors of a very extensive series of
S { forms, most of which are now extinct.

C iy . o
J/

S

\
OeDER V. ELASMOBRANCHII.

i Thi_s order includes the Sharks, Dog-fishes, Rays, &c., and is dis-
l tinguished by the following characters : The skull and lower jaw

Fig. 176.—A, Spinaz acanthias, one of the Dog-fishes ; B, Chimara monstrosa.

are well developed, but the skull is not composed of distinct bones,
and simply forms a kind of cartilaginous box. The vertebral col-
umn is cartilaginous, but usually composed of distinet vertebra.



246 VERTEBRATE ANIMALS,

The integument':n-_\' skeleton is in the form of placoid scales (fig.
164, ¢)—that is to say, of detached grains, tubercles, or plates. i
There are two pairs of fins, corresponding to the fore and hind
limbs, and the ventral fins are placed far back, close to the anys, S
The heart consists of an auricle and ventricle; and the bulbus )
arteriosus is vhythmically contractile, is provided with a distinet
coat of muscular fibres, and is furnished with several transverse
rows of valves. The gills are fixed, and form a number of pouches,
which open internally into the pharynx, and mostly communicate
with the outer world by a series of apertures placed on the side-of
the neck (fig. 176, A). The intestine is very short, but to compensate
for this, the mucous mem-
brane is thrown into a fold,
which winds round the intes:
tine in close turns from nefy
‘the pyloric orifice of the stoms. Y
ach to the anus, and whick 28 |
thus greatly increases its aly-
sorbing surface.
The most characteristic ex- ‘
amples of the Elasmobranch
Fishes are the Sharks, Dog-
fishes, Skates, and Rays, usu-
ally called Plagiostomous
Fishes, because the mouth is
transverse, and is placed on
the under side of the head.
In all these types there are
five branchial pouches on each
7 , side, which open by five dis- 1
Pl Xt Tulo servinelt, e o tinc, slits on the swface ofy
Gosse)) the body. There are also tyy ) |
A apertures (“ spiracles ) on the
top of the head, just behind the eyes, which lead by tubes into thed )
pharynx, and which correspond with an anterior pair of bl‘ﬂnchi)ﬁ-
pouches. & |
The Sharks and Dog-fishes (Selackii) have pectoral fins of the '
ordinary size and shape (fig. 176, A), and have the gill-slits placed
on the sides of the neck. They have sharp conical teeth, in several
rows, and they arve nearly all voracious and fierce animals. The
Sharks in particular attain a great size.
The Port Jackson Sharks (Cestracion) of the Pacific Ocean, re-
semble the true Sharks in most points; but they have blunt teeth
“adapted for crushing shell-fish,
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The Skates and Rays (Batides) have thedranchialopenings placed
on the under side of the head, while the body is generally flattened
out into a rhomboidal dise, the greater part of which is made up

S of the enormously developed pectoral fins (fig. 177). In the Skates,

Y as in the Dog-fishes, the eggs are enclosed in leathery capsules,

\ familiarly known as ¢ Mermaid’s Purses.”

: ‘ In another section of the Elasmobranchs, typified by the Chimewra
(fig. 176, B), though the internal structure of the gills is the same as
in the ordinary examples of the order, there is only a single external
gill-aperture. The group is therefore spoken of by the name of

2 Holocephali.

Orper VI. Dripxor

_The best-known, and until lately the only, forms included in this
_Grder, are the very singular Mud-fishes (Lepidosiren), which are of.
i - great interest from the many points of affinity which they exhibit

Fig. 175.—A, Lepidosiren paradora, one of the Mud-fishes; B, Front of the mouth of
the same, shq\ving the teeth ; C, One of the overlapping scales, enlarged.

to the Amphibia. The body of the Lepidosiren (fig. 178) is com-
pletely fish-like, and is protected by a covering of small, horny,
b overlapping scales, which have the cycloid characters. There are

=
4

|

;
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two pairs of lim’)s, but these are in the form of awl-shaped organs,

each supported by a single, jointed cartilaginous rod. The pectoral

limbs have a membranous fringe inferiorly, and the ventrals are

placed very far back. There is also a median fin behind, forming™

a continuous fringe round the compressed tail, and supported by '

cartilaginous rays. . y
The skull is composed of distinet bones, and there is a lower jaw; | o

but the notochord is persistent, and there are no bodies of vertebree

developed. The respiratory organs are fwofold, consisting, firstly,

of free filamentous branchie or gills, contained in a branchial

chamber, which opens externally by a single vertical gill-slit-; and,

secondly, of true lungs, in the form of a double cellular air-bladder

communicating with the gullet by means of an air-duct or windpipe.

Sometimes, if not always, there are rudimentary external gills as l

well, placed on the side of the neck. The heart consists of a ven- | ‘

tricle, and of zwo auricles, divided from one another by an incoms., 3 '['

plete partition. Lastly, the nasal sacs open behind into the throat, \c;_; = |

and. do not form closed chambers opening only by the nostrils, as | l

they do in all other fishes except the Myxinoids. The two best- |

known species are the Lepidosiren paradoxa from the Amazon, and I |

the L. (Protopterus) annectens from the Gambia ; but the former is i

Fig. 170.—Ceratodus Forsteri, one of the Australian Mud-fishes, reduced in size,

very rare and little known. They both inhabit marshy tracts, and )
both appear to be able in the dry season to bury themselves in the, -
mud, and to form a kind of chamber, in which they remain dormayg , |
till the rains of the wet season set them free. Il
In the fresh waters of Queensland, Australia, are found two othe ’:
remarkable Mud-fishes, belonging to the genus Ceratodus, K
singular Ceratodus Forsteri (fig. 179), often called the “Barra-
munda,” grows to the length of six feet, and has the body covered
with very large cycloid scales. The fins are not awl-like, but con-
sist of a fringe of fin-rays surrounding a central lohe, The Barra-
munda seems to feed upon leaves, which it masticates by means
of curious nndulated bony plates or “molars,” of which each jaw
carries two. It appears occasionally to come to land, at which
times it doubtless breathes by means of its lungs ; but it has well-
developed gills also, and is essentially an aquatic animal.

P o P —

-
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ICHTHYOPSIDA.
CHAPTER XXV.
CLASS II. AMPHIBIA.
Tris class of Vertebrata comprises the Frogs and Toads, the Newts

may-be briefly defined as follows: In all cases gills or branchiwe
adapted for aquatic respiration arve present during a part or the
whole of life ; butdn all cases true lungs adapted for breathing air
are ultimately developed, even when the gills are retained throngh
life. All pass through some sort of a metamorphosis after being set
free from the egg. The limbs may be absent, or there may be only
one pair, but in no case are they ever converted into fins. ‘When
median fins arve present, as is sometimes the case, these are never
furnished with fin-rays or interspinous bones, as in the fishes. The
skull always articulates with, or is jointed to, the spinal column by
two articular surfaces or condyles. The heart consists of two auricles
and a single ventricle. The nasal sacs always open behind into the
mouth ; and there is a common cavity or * cloaca ” which receives
not only the termination of the intestine (rectum), but also the ducts
of the kidneys and of the reproductive organs. The skin is soft and
\ glandular, and, as a rule, neither horny nor bony structures arve
. developed in it.
" The great and distinguishing character of the Amphibia is that
they invariably undergo some kind of metamorphosis after birth ;
though in some rare cases the eggs are retained so long within the
body of the parent that there is little or no obvious change. In the
great majority of cases, however, the Amphibians commence life as
water-breathing larvee, provided with gills ; but in their adult state
they possess two air-breathing lungs, the gills sometimes disappear-
ing when the lungs are developed, but being sometimes retained
throughout life. In most cases, and always if retained, the gills.ave
external, placed on the sides of the neck, and not contained in a special
cavity, thus differing from the gills of fishes. In the Frogs and

{ and Land-salamanders, the Caeilize, and some extinct forms, and it
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Toads, and in some othexy, there are two sets of gills, one external
and the other internal, of which the former is soonest lost. The
lungs of the Amphibians never attain a very high state of develo)-
ment ; and in those forms in which the gills are retained throughout \. 4
life, the chief business of respiration appears to be carried on by the '
gills. In accordance with the changes in the respiratory process,
corresponding alterations take place in the blood-vessels. With the
development of the lungs the vessels which carry blood to them (the
pulmonary arteries) increase in size, whilst the branchial vessels
which cairy the blood to the gills, undergo a proportionate diminu-
tion. At first the condition of the circulation is very much the A
same as it is in fishes, but ultimately it hecomes nearly the same as ‘
in the true Reptiles.

The Amphibia ave divided into three living and one extinct order
as follows :(— {

ORDER I. OPHIOMORPHA. ¥

This order is an extremely small one, and, as its name implies, it J 4
comprises certain snake-like Amphibians. Thé*order includes only
the curious animals known as Ceciliz (fig. 180), which are found in

Fig. 180.—a Siphonops annulatus, one of the Cieeilians, much reduced ; & Head of the
same ; ¢ Mouth, showing the tongue, teeth, and internal openings of the nostrils;
« Tail of the same. (After Dumeril and Bibron.)

Southern Asia, Africa, and South America. The body is entirely
destitute of limbs, and is enclosed in an integument which is thrown
mto numerous transverse wrinkles, and sometimes has numerons



AMPHIBIA. 251

horny scales embedded in it. The eyes @ve concealed by the skin,
‘ and are rudimentary. There is no tail, and the anal aperture is
_placed almost at the extreme end of the body. When adult, respira-
= ‘« “tion is carried on by means of lungs, but gills are present in the
L young, and there can therefore be no doubt as to their being genuine
y  Amphibians.
J The Ceweiliee ave found burrowing in marshy ground, and they ave
not unlike large earth-worms in appearance, but they sometimes
‘ attain a length of several feet.

.Orper II. URODELA.

-

Tn this order are a number of fish-like Amphibians, of which the

Newts and Land-salamanders arve the most familiar examples. In

11 the members of this section the skin is naked, and never develops

“any hard structures, and in all there is a well-developed fish-like

Y tail, which is retained throughout life." The vertebra are sometimes

| hollow at both ends (amphicelons), sometimes hollow behind and

convex or rounded in front (opisthocelous). The ribs are rudiment-

ary, and the bones of the fore-arm (radius and ulna), and of the

ghank (t2bic. and fibula), are separate, and are not combined so as to
form single bones.

The Urodela ave not unfrequently spoken of as the “Tailed” Am-
phibians, and they fall into two natural sections, according as the
gills are permanently retained throughout life, or are cast off before
maturity is attained. The animals belonging to the first section are
often called “perennibranchiate,” whilst those belonging to the
second are said to be “caducibranchiate.”

Among the Perennibranchiate forms, in which the gills are per-
manently retained after the lungs make their appearance, the best-
known examples are the Axolotl, the curious Proteus anguinus, the

\ Menobranchus, and the Mud-eel (Siren). Axolotls inhabit various of
"‘ﬂle lakes of the American continent, the best-known species being
"the Siredon pisciforme of the Mexican lakes. It attains the length

| of a foot or more, and possesses both pairs of limbs, the fore-feet
having four toes, the hind-feet five toes. The branchie are in the

form of three long ramified processes on each side of the head ; and

the tail is compressed, and fringed by a fin which is prolonged on

the back between the shoulders. In a state of nature, the Mexican

| Axolot] is certainly perennibranchiate, and it breeds freely in this
| condition. It has been shown, however, by Prof. Marsh, of New
Haven, and others, that some species, when kept in confinement,
lose their gills, and undergo certain other changes, becoming ulti-
| mately converted into Salamandroids, belonging to the genus Ambly-
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stoma. Moreover, in on€ species (viz., dmblystoma mavortivin), this
change is known to occur in a state of nature ; the larva being an

, Axolotl, with gills, and capable of breeding, but ultimately chaugiug_

to a gill-less Salamander.

The Proteus is an extraordinary Amphibian which is found in-
habiting the waters of caves in Illyria and Dalmatia. It attains a
length of about a foot, and is of a pale flesh-colour or nearly white.
The gills, which are retained throughout life, are of a bright scarlet.
Both pairs of limbs are developed, but they are only short and
weak, the fore-limbs having three toes each, and the hind-limbs only
two. The eyes are rudimentary, the animal spending its existence
in darkness ; and swimming is effected mainly by means of the tail.
Allied to Proteus is the Mud-puppy (Menobranchus, fig. 181, C) of

Fig. ISl.—-’l‘ni!cd Amphibians. A, Siren lacertina; B, Amphiuma, showing the fouy
minute limbs; €, Menobranchus macudatus.  (After Mivart.)

T S S1ieRs . . . 5 3
North Anierica, which is from six inches to a foot in length, THad

\
\

{

Siren or Mud-eel (fig. 181, A) is a large lizard-like Amphibian, \

which is found abundantly in the swamps of South Carolina, and
attains the great length of thyee feet. The external hranchiwe are
retained throughout life, and they are the main organs of respira-
tion. The fore-limbs are present, but the hinder pair of limbs is
never developed. Another form, which occurs in the Southern
United States, is the Congo-snake (Amphivme). This has a snake-
like body, with rudimentary two-toed limbs (fig. 181, B), and though
the gill-slits remain on the side of the neck, it has no aills.
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The “caducibranchiate” section of this drder is characterised by
the fact that both pairs of limbs are always developed, and the
branchize are never retained throughout life. The most familiar

" examples are the Water-salamanders or Newts (Z7iton). The Newts

(fig. 182), are well known as inhabiting pools in many regions, and
the young lead a strictly aquatic life. 'When the lungs are devel-
oped the external gills wholly disappear ; and the respiration becomes
strictly aerial, though the animals still spend a great part of their
time in the water. The larva or young form is at first destitute of
limbs, and the fore-limbs are the first to be developed, the reverse
of this taking place in the Frogs. In accordance with their mode of
life, the tail is compressed and flattened, so as to form an efficient

Fig. 182,—The Great Water-Newt (I'riton cristatus), male. (After Bell.)

swimming apparatus. The Water-salamanders are all oviparous, and
the young are like the tadpoles of the common Frog.

The so-called Land-salamanders (Salamandra), in the strict sense
of the term, are essentially terrestrial animals, though commonly
frequenting water ; and they retain the larvee within the oviducts
for a longer or a shorter time after the emergence of the embryo
from the egg. They are, therefore, ovo-viviparous or even viviparous.

Salamander of Europe, in which the larvie have at first external gills;
Ot in the Alpine Salamander of Southern Europe, the larvie are
not brought forth until the gills are shed.

‘fhe tail is rounded and eylindrical. A common form is the Spotted

OrpeErR III. ANOURA.

This order is the highest of the Amphkibia, and comprises the Frogs
and Toads. It is sometimes known by the name of Batrackia (Gr.
batrachos, a frog), or Anoura (Gr. ¢, without ; oura, a tail), the latter
name being derived from the fact that the adults are tailless.”

The tailless dmphibia are chavacterised by the fact that whilst the
larva possesses a tail, and is furnished with gills, the adult has no
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tail, and breathes wholly by lungs, and through the skin. Both
pairs of limbs are always developed in the full-grown animal, and
the hind-limbs are usually considerably longer than the fore-limbs,‘

and generally have the toes webbed, whilst those of the fore-limhg *

are free. The skin is soft, and there are rarely any traces of any
integumentary skeleton. The spinal column is short ; the dorsal
vertebre are very long ; and the ribs are quite rudimentary, their
place being taken by greatly-developed transverse processes. The
bodies of the vertebrie are hollow in front and convex behind (pro-
calous). The hones of the fore-arm (radits and «/na), and those of
the shank (#bia and fibula), are united together to form single bones.
The upper jaw is usually furnished with teeth, and the lower jaw
sometimes, but there are no teeth in the Toads. The lungs are well
developed, comparatively speaking; and as there are no ribs by

)

andt temporaria).

Fig. 183, —The common Frog (R

which the cavity of the chest can be expanded, the :}u‘ is taken
into the lungs by a process nearly akin to that of sw.:lllowmg, Thepe |
can be no doubt, also, that the skin play$ & Very mmportant payg iy

the aeration of the blood, and that the frogs especially can carpy gy,
their respiration by means of the skin without the assistance of the
lungs for a very lengthened period. This, however, should not lead
to any credence being given to the often-repeated stories of frogs and
toads being found in closed cavities in solid rock, no authenticated
instance of such an occurrence heing known to science. The ova of
the frogs and toads are deposited, in masses or strings, in water, and
the young or larvee ave familiar to every one as tadpoles. Upon its
escape from the egg, the young frog (fig- 184) presents itself as a
little fish-like ereature with a broad head, a sac-like belly, and a

4
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long compressed tail with which it swims>actively. It breathes by
means of gills or branchiw, of which there are two sets, one external

_and the other internal. At first there are no limbs ; but, as devel-
~.. 7 opment proceeds, the limbs make their appearance—the hind-legs

3 W first, and then the fore-legs. The tail, however (fig. 184), is still

D | retained as an instrument of progression. Ultimately, when the
| limbs are fully developed, and the gills have given place to lungs,

/" the tail is absorbed, and the animal now takes to the Jand as a

k perfect frog.

The development of the Frog is a good illustration of the eneral
zoological law, that the transitory embryonic stages of the higher
members of any division of the animal kingdom ave oftepn repre-
sented by the ’permaneut condition of the lower members of the

NS

Fig. 184.—Development of the common Frog, a Tadpole, viewed from above, showing
the external branchiw (g) ; b Side view of a somewhat older specimen, showing the
fish-like tail; ¢ Older specimen, in which the hind-legs have made their appearance ;
d Specimen in which all the limbs aré present, but the tail has not been wholly
absorbed. (After Bell.)

Sme division. Thus the transitory condition of the young Frog,
I which it breathes by external branchiw, is to a certain extent
permanently represented by the permanent condition of a perenni-
branchiate Amphibian, such as the Proteus. The stage at which the
external branchie have disappeared, but the tail is still present, and
the limbs are developed, is permanently represented in the common
tailed Amphibians, such as the Newts.

The order dnoura comprises the three families of the Frogs,
Toads, and Surinam Toads. The Frogs (Ranide) ave distinguished
by having a tongue which is fixed to the front of the mouth, and
can be protruded at will, while the upper jaw is always armed with
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teeth. The typical Frog®have enormously developed hind-legs, the
toes of which are united by membrane, or are “webbed.” They
swim very powerfully, and can take extensive leaps. Excellent ex-
amples are the Grass Frog (Rana temporaric) and Edible Frog
(Rane esculenta) of Europe, and the Bull-frog (Rana pipiens) of V
North America. The Tree-frogs, on the other hand, are adapted f/
for a wholly different life, inhabiting trees, among which they climb f
with great ease by the help of suckers developed upon the ends of
the toes. They are mostly found in warm countries, especially in
America, but one species is European.

In the equally familiar Toads (Bufonide), the structure of the b
tongue is the same as in the Frogs, but the jaws are not furnished
with teeth. In the Surinam Toads (Pipide) there is no tongue at
all, and usually no teeth.

l

%

ORDER IV. LABYRINTHODONTIA.

This, the last order of the :Amphibia, is not represented by any
living forms, and requires to be little more than mentioned. The
Labyrinthodonts were Amphibia which were all of large size, and
of which some must have attained absolutely gigantic dimensions,
the skull of onespecies being three feet in length and two in breadth.
They were first known to science simply by their footprints, which
were found in certain Secondary sandstones (7'rias). These foot- 1
prints consisted of a series of alternately placed pairs of hand-shaped |
impressions, the hinder print of each pair being much larger than the
fore one. So like were these prints to the shape of the human hand
that the unknown animal which had produced them was christened
the “Chetrotheriuwm” (Gr. cheir, hand ; ther, beast). Further researches,
however, showed that these footprints were produced by varvious y
species of large Amphibians, to which the name of Labyrinthodontia
was applied, in consequence of the complicated microscopic structuye
of the teeth. These extinct Amphibians are known to have existe]
at the time of the Coal, but they are most characteristic of the Periog J
known to geologists as the Trias. 1 \

\ B
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SAUROPSIDA.
CHAPTER XXVI.
CLASS III. REPTILIA.

We commence now the second great primary division of the erte-
brata—namely, that of the Sawropsida, comprising the Reptiles and

 the Birds. These two classes, though very unlike in external ap-
pearance, are united by the following characters: There are never
at any period of life gills or branchie adapted for aquatic vespira-
tion ; the red corpuscles of the blood are nucleated (fig. 163, b, ¢) ;
the skull articulates with the vertebral column by means of a single
articulating surface or condyle ; each half of the lower: jaw is com-
posed of several pieces, and is jointed to the skull, not directly,
but by the intervention of a special bone (the so-called * quadrate
bone ”).

These being the characters by which, amongst others, Reptiles
and Birds ave collectively distinguished from other Vertebrates, it
remains to see what are the characters by which the Reptiles are
distinguished, as a class, from Birds. In all Reptiles the blood is
cold—that is to say, very slightly warmer than the temperature of
the external medium in which they live. The integument generally

\ Secretes scales, with or without bony plates, but in no case do the
k“ltegumentmy appendages take the form of feathers. The heart
Consists of two auricles and a ventricle, which in most is partially:
divided into two chambers by an incomplete partition, and in a few
is completely divided. In any case, however, more or less of the
impure venous blood is mixed with the pure arterial blood which
circulates over the body. There is no division between the cavities
of the thorax and abdomen, and the lungs are not connected with
air-sacs placed in various parts of the body. The limbs may be
wanting, or rudimentary, but in no case are the fore-limbs con-
structed upon the type of the “wing” of birds, and in no living
Reptile is there the hone which is known in Birds as the “ tarso-.
metatarsus.”

R
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TlI?leesd?z; 1l?ep{z'lz'a inchf:des, among ']i\.'ing forms, the Tortoises and
and thy Cte o7zlft), the Su;).l'icts (01)/:{(11((), the sza}‘ds (Lacertilia),
B i rocodiles (Crocodilic). With the exceptxon' of'the Tor\-\
flll‘nisfl (; Tlu"tles, t]}e)- are IllOStl)j of an elcgngate(l cylindrical form, \
RS e‘ be-hmd ‘}'lt]l a long tail. The limbs may be altogether Y
higher or quite rudimentary, as in the Snakes, but in almost': all the
S members of the class there are two pairs of limbs, which may
eXtiuctlefP adapted for walking or swimming, and which in some
always bor ms support a flying membr:u_)e. '_-[‘he internal .skcleton is
the ﬁ};h ony, never cartilaginous or seml-.cartllnginqus as in many of
swface €s.  The skull is jointed to .the spine by a single :u'tlculut}ng
compos (lor condyle). The lower jaw is complex, ea(’:h half being
m,ge ‘6(1 of several pieces uuited. by sutures. In Tortoises and
i tl.s, 1owever, these sepnmte. pleces are umn]{,mmated toget}‘xe;-,
aP])eaple two halve_s are also united, so that the whole lower Jasz
i tws to form a single piece.. In .most reptiles; on the other ].mn S
in the %hﬂlves of the lower jaw (fig. 185), are only IOOSely'llllf'te(l 5 Yo
andls Snakes by ligaments and muscles, in the Lu/.m.'ds 1{) _EC‘_‘S"']G,
I the Crocodiles by suture. In all, the lower Jaw 1S jointed

Fig. 185, —Skull of a Serpent (Python). « Quadrate bone: b Lower jaw,
articulating with the movable quadrate bone (a).

¢

Ito “f skull by means of a special bone, called the quady
okt ot ve i mall Ay B oy e AN

> ) £ 1 extend backwards
beyond the hase of the skull (fig. 185, @). Teeth are generally pres-
ent, but these are used chiefly to hold the prey, and not in biting or
_Chewing the food. Except in the Crocodiles, the teeth are hot sunk
wto distinet sockets, and they are usually replaced as fast as shed.
They likewise do not differ from one another sufficiently in form or
function as to allow of their being divided into different sets, as they
can be in the Mammals. Usually the teeth ave confined to the jaws
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proper, but in some cases they are carrfed by other bones of the
mouth. In the Tortoises and Turtles there are no teeth, and the
Jaws are simply sheathed in horn, o as to constitute a kind of beak,
like that of a bird. The integumentary skeleton is in the form of

X scales, sometimes combined with bony plates. In the Tortoises and
Turtles the integumentary skeleton - i

' is s0 united with the true skeleton
as to form a kind of bony case or
box, in which the body is enclosed.

The digestive system presents
little worthy of special notice, ex-
cept that the termination of the
intestine (rectwm) opens into a
cavity called the “cloaca,” which
Teceives also the ducts of the urin--

¢ ary and generative organs.

It is, however, in the structure
of the circulatory and respiratory
organs that the most important
characters of the Reptiles are to
be looked for. The heart in all
Reptiles may be regarded as being,
i function, three-chambered, he-
ing composed of two auricles and
a single ventricle, imperfectly di-
vided by an incomplete partition.

“In the Crocodiles alone the heart

is, structurally, four - chambered, T e DAL e D Y

the ventricle being .divided into “J: " nz‘zl::n":"ru Right auricle,
two by a complete partition. receiving venous blood from the

Here, however, the same results  body; o Left auricle, receiving arte-

\“re brought about as in the other il blood from the lungs ; v Arterio-

” 3 1 tola o ining mixed
Reptiles, by means of a communi-  biood, which is dsiven t (7 the pul-
“ation which subsists hetween the  monary artery to the lungs, and by (@)
great ves.sels which spring from :;l:t:::l: :géhﬁgmd{f,c (,:rrl(lfn‘n;,:;l::
the ventricles thus formed. In the tem is black, and the vessels contain-
ordinary Reptiles the course of the ing mixed blood are cross-shaded.)
circulation is, roughly speaking, as

follows (fig. 186) : The impure or venous blood that has circulated
through the body is poured by the great veins into the right auricle
(a). The pure or arterial blood that has heen submitted to the
action of the lungs is poured by the pulmonary veins into the left
auricle (¢'). Both auricles empty their contents into the ventricle,
and as the partition which divides the ventricle is an incomplete
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::fé :lt f;’lll]:;‘fs that t'he veﬂgus and :u'tel'ia! streax'ns must mix to some
b -1e Ventricle. From the ventricle arise the great vessels
it follgwe) '_;hthe blood to the lungs and to all parts of the .body,. and\
miReT R at t? some extent :}ll these parts are supplied with a
of pure o 1d, Coxfsxstmg partly of impure or venous })lood, and partly
Veﬂtric]er arterial blood. In the Crocodiles, in which there are tw.o

o S l<;0mpletely separated from enc]} ot!mer, the. same result is
bet\v?zex ::'i out by means of a comx'numcatlon which 'takes 'place
iﬂllnedil 1€ great vessels which spring from the ventricles, in the

A ate neighbourhood of the heart. A

ﬂmt.t]a' matter of fact, the heart of the .Reptxles is s0 constmctc:d

i 1S theoretical mixture of the arterial and venous currents in %
OImon ventricle only takes place in practice to a limited extent. . .~

Venl:t actually oceurs is that the lunﬁgs are suppli(fd mainly wit!

S L) blof)d, and the head and fore-limbs are supphed mostly wit/

o li arterial blood, while the body and hind-limbs are supplied~. by
mixed blood ; but the arrangements whereby this is brought '

about are to0 complicated for description here. }

th'ﬁs‘t}r‘egm‘fls the structure of the lungs, it i's merely to be noted

A% there is no partition (diapkragm or midriff) separating the two \]
cavities of the thorax and abdomen, and that the lungs, therefore, ‘.-
often attain a great proportionate size, sometimes extending through
«"IHJQSt the whole length of the cavity of the trunk. There arve alaso
N0 air-sacs communicating with the lungs, as in the Birds,

J I:ﬂstly, all Reptiles arve essentially oviparous, some being ovo-
VIViparous. The egg-shell is usually parchment-like, but in other
¢ases contains more or less calcareous matter.

The class Reptilin is divided into four living and six extinet orders,
as follows, Lut the latter require no extended notice here :—

Chelonia (Tortoises and Turtles). \
. Oplidia (Snakes). \
. Lacertilia (Lizards). /
Crocodilic (Crocodiles). J
. Lchthyopterygia L
Sauropterygia i A
. Pterosauria
. Anomodontic
9. Deinosauiria
10. Zheriodontia

[

Extinet.

DN O Y
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CHAPTER XXVIIL

DIVISIONS OF REPTILIA.
ORrRDER I. CHELONIA.

c

alN this order ave included the various Tortoises and Turtles, char-
., acterised by having the body enclosed in a bony case or box, and by
the fact that the jaws are not provided with teeth, but are encased
in horn, so as to form a kind of beak. The case in which the body
of a Chelonian is protected is composed partly of integumentary
plates and partly of flattened bones belonging to the true skeleton,
and it is composed essentially of two pieces, one placed on the b.:wk
and the other on the lower surface of the body, firmly united
together at their edges. The dorsal shield is more or less con've.\'
and rounded, and is called the carapace; whilst the ventral shield
is more or less completely flat or concave, and is called the plastror.
The carapace and plastron, as just said, are united by their edges,
but they leave two openings, one in front for the head and fore-
limbs, and one behind for the tail and hind-limbs. The carapace
is essentially composed of the flattened and expanded spimnous
processes of the vertebrae, and the greatly developed ribs, covered
by a series of horny plates. These are growths of the integum?’nt,
. and in some cases (fig. 188) they constitute the “tortoise-shell of
commerce. The plastron is also composed partly of bony and partly
\ of horny plates, but opinions differ as to whether the hony plates
" are to be looked upon as formed by an expanded bl'e:lstbqlle,.OI'
whether they are merely integumentary, the probabilities being

in favour of the latter view. )
The remaining peculiarities with regard to the skeleton which
deserve special mention are: Firstly, that the dorsal vertebre are
immovably connected together, so that this region of the spine is
quite inflexible ; secondly, that the heads of the ribs are articulated
divectly to the bodies of the vertebrae; and, thirdly, that the
scapular and pelvic arches, supporting respectively the fore and
hind limbs, are situated within the carapace (fig. 187), so that the
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shoulder-blade is placed ¢nside the ribs instead of outside, as is
usually the case.

The Chelonia are conveniently divided into groups, according as
the limbs are adapted for swimming (natatory), or for progression
on land (terrestrial); or, again, enable the animal to lead an amphil-
ious life, sometimes on land and sometimes in the water. Of the

Fig. 187.—8keleton and carapace of the Logger-headed Turtle (Chelone caouanna) Vs ;'

viewed from below, the plastron being removed,

strictly aquatic forms the best known are the edible (freen Turtle
(Chelone mydas) and the Hawk’s-bill Turtle (Chelone imbricata).
The former is found abundantly in many of the geas of warm
climates, and is largely imported into Europe as a delicacy. The
latter (fig. 187) is truly a native of warm seas, though an occasional
straggler has reached Britain, Tt is of comparatively small size—
not more than about three feet in length—Dbut is of considerable




DIVISIONS OF REPTILIA. 263

commercial importance, as it furnishes the  tortoise-shell” of trade,
so largely used in various kinds of ornamental work.

Fig. 188.—The Hawk’s-bill Turtle (Chelone imbricata). (After Bell.)

The Sea-tortoises or Turtles have the carapace much flattened, the
legs of unequal length, in the form of solid fins or oars, the toes
being conjoined, and hardly distinct from one another.

The Marsh, Pond, and River Tortoises are generally furnished
with webbed feet, and lead an amphibious, semi-aquatic existence.
The so-called Soft Tortoises ” (Zrionycide) belong here, and are
distinguished by the imperfect condition of the carapace, which is
simply covered with a leathery skin. A good example is the Soft-

\ shelled Turtle (7' ferox) of the Southern States. Here also belong

the Snapping-turtles, so well known in the person of the common
[ AMerican species (Chelydra serpentina), and the Termpi’ﬁ‘s (Lmydide),
 of which many forms are found in all parts of the United States.
In the curious little Box-tortoise (Cistudo Virginea) the plastron is
composed of two movable portions which can be brought into accu-
rate apposition with the carapace, thus completely protecting the
animal within.

The Land-tortoises have short legs of nearly equal length, the toes
little distinet, and united into a sort of stump, with indistinct, horny
claws. Good examples of this group are the common European
Tortoise (Zestudo Graca) and the Indian Tortoise (7' Indica), the
last attaining a length of over three feet.
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L&)

Orper II. OpPHIDIA.

This order includes most of the animals which would commonly
be called snakes or serpents, and is characterised by the following
peculiarities : The body is always more or less elongated, worm-like,
or cylindrical, and the skin develops horny scales, but never bony
plates. There is never any breast-bone (sternum), nor pectoral arch,
nor fore-limbs ; nor, as a rule, are there any traces of hind-limbs.
In a few cases, however, rudimentary hind-limbs can be detected.
The ribs are always very numerous. The two halves of the lower
jaw are composed of several pieces each, and they are united to one

Fig, 180.—The Ngju kaje, a poisonous Snake of Egypt.

another in front Olll)’ h_}' ligmneuts and muscles (ﬁg. 185) HUOkI"h'k._

conical teeth are always present, but they are never lodged in dis-
tinct sockets, and are only used to hold the prey, and not in
mastication. The lungs and other paired organs :’u'e often nob
symmetrical, one of each pair being usually smaller than the other,
or altogether absent.

The most striking of these characters of the snakes (fig. 189) is to
be found in the nature of the organs of locomotion. The fore-limbs
are invariably altogether wanting, and there is no pectoral arch nor

N

J
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Dbreast-bone ; nor, as a rule, ave there any®races of hind-limbs. - In
a few forms, however, the hind-limbs are present in an extremely
rudimentary form, never exhibiting any outward evidence of their
existence, beyond the occasional presence of short horny claws or
spurs. In the entire absence, then, or rudimentary condition of the
limbs, the snakes progress by means of the ribs, which are always
excessively numerous, and, in the absence of a breast-bone, are also
extremely movable. Their free ends, in fact, are simply attached
by muscular fibres to the scales or “scutes,” which cover the lower
or abdominal surface of the animal. The number of ribs varies
greatly, and by means of the above arrangement the snakes are able
to progress rapidly, walking, as it were, upon the ends of the ribs.

Al i

| !,'l:l “‘u l"|'~
LI

12

b

Fig. 100.—4, Dinmmﬁnmtic section of the eye of a Viper (after Cloquet): a Eyeball;
b Optic nerve; ¢ Chamber into which the tears are poured ; d Epidermic layer
covering the eye. B, Head of the common Viper (after Bell), showing the poison-
fangs.

Their movements are also much assisted by the extreme flexibility

of the whole spine, caused by the cup-and-ball articulation of the

bodies of the vertebre, éach of which is concave in front, and
~ Convex behind (procelous).

\ Of the other characters of the snakes, a few words may be said as
\ °_the tongue, the eye, and the teeth—all important stzructm'es in
[ i e e i i

: Nt ular cylinders; which
are united towards their bases. The forked organ thus formed can be
protruded and retracted at will, being in constant vibration when pro-
truded, and being in great part concealed by a sheath when retracted.
The eye of serpents (fig. 190, A) is not protected by any eyelids, and
h.ence the peculiar stony and unwinking stare for which these rep-
tiles are celebrated. In place of eyelids, the outer layer of the skin
15 prolonged over the eye as a continuous and transparent film
behu_xd which is a chamber formed by the mucous coverine of thé
€Y€, Into which the tears are discharged. The outer menﬁ)r:me is
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Pel'ioclically shed along with the rest of the external or epidermic
!“5' €r of the integument, and is again renewed. The pupil is round
1 mog, Serpents, but it forms a vertical slit or fissure in many vens
Omous Snakes and in the Boas, 3
; regards the teeth, it is to be noticed that the snakes arve not
10 the habit, of chewing their prey, but of swallowing it whole, and
the construction of their, dental apparatus is in accordance with this
Peculiarity, 1y, lower jaw, as before said, articulates with the
skull by means of a quadrate bone (fig. 185), and this in turn is
movably jointed to the cranium. The two halves of the lower jaw
are alsg merely united loosely in front by ligaments and muscles. In
Consequence of this peculiar arrangement of parts, the serpents have
18 power of opening the mouth to an extraordinary width, and
they can perform the most astonishing feats in the way of swallm(

\

{

Fig, 191.—Skull of the Rattlesnake (after Dumeril and Bibron). 1 One half of the lower
Jaw, united to the skull by the quadrate bone (7) ; m Upper jaw carrying the poison-
“ANg 5 p Series of teeth upon the palate.

ing. The teeth are simply fitted for seizing and holding the prey,™
ut not ip any way for chewing or dividing it. In the harmlesg
Shakes the teoth are in the form of solid cones, which are arranged i, |
TOWSround the whole of the upper and lower jaws, a double row exist-f/
g on the palate as well. In the venomous snakes, on the other hang,
the ordinary teeth are usually wanting upon the upper jaws, or are’
few in number ; and these hones are themselves much reduced in
size, Tp place of the ordinary teeth, however, or in addition to
these, the upper jaws carry the so-called poison-fangs * (fig. 191)-
In the Viperine Snakes these are a pair of long curved fangs, one
on each maxilla or upper jawbone, which, when not in use, are
Pointed backwards, but can be raised at will by special muscles, by
the elevation of the movable maxille.  Each tooth is perforated _b.Y
a fine canal or tube, which opens by a distinet aperture at the point
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of the fang, and is connected with the duet of the © 1)oison-gl:uld."
This is a gland (fig. 192, «), situated under and behind the eye
secreting the poisonous fluid which renders the bites of these snakes

and poison-fangs (f). (After Duvernoy.)

{ Fig. 192.—The head of the Rattlesnake, dissected to show the poison-gland (@)

dangerous or fatal. When the serpent strikes at any animal, the
poison is forced through the poison-fang into the wound, partly by
the contractions of the muscular walls of the gland, and partly by
the compressive action of the muscles of the jaws and cheeks.

The Ophidia ave usually classified in accordance with the characters of their
dental apparatus, and may be divided as follows, some minor groups being
omitted : (1.) The Viperina comprise the most typical of the venomous Snakes
(Venenosa), and include the common Vipers (Viperide) and the Rattlesnakes
(Crotalide), the former being confined to the Old World, whilst the latter are
mainly American. The common Viper (Pelias berus) occurs abundantly 1in
Europe and Northern Asia, and is capable of inflicting a severe and even dan-
gerous bite. The rest of the true Vipers are African and Asiatic, well-known
examples being the Puff-adder of the Cape of Good Hope (Clotho), the Horned

. Viper (Cerastes) of North Africa, and the ‘‘ Tic-polonga™ (Daboic Russellii) of

Ndig,

The tyue Rattlesnakes (Crotalus) are exclusively natives of America, and
/l'e&' are highly poisonous, The extremity of the tail in the common Rattle-
z“nke (Crotalus durissus) is furnished with a series of horny epidermic C?us

f an undulated pyramidal shape, articulated one within the other, constituting
al appendage which is known as the “rattle.” Before striking its prey, the
Rattlesnake throws itself into a coil, and shakes its rattle, as it does also when
alarmed. A nearly allied form (€. korridus) is found in South America. Other
American examples of the Crotalide ave the Fer-de-lance ( Trigonocephalus)
of the West Indies, the Copper-head (Ancistrodon contortriz), and the Water-
mocassin (4. piscivorus), in which there is no rattle. In India and Southern
Asia there are also various Snakes belonging to the Crotalide.

Taken as a whole, the Viperine Snakes are distinguished by having only a
single poison-fang on each maxilla ; while this bone is short and movable, and
carries no other teeth. There are, however, one or more reserve-fangs behind
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the poison-fang. The head §s broad, somewhat triangular in shape, broadest

in its middle, and showing a very distinct line of demarcation between the head

and neck. The head, also, is usunally covered with small scales (fig. 193, C),

and rarely exhibits large plates or ‘“scuta.” The Crotalids have a deep pit~

between the eye and the nostril, by which they are distinguished from the trne i

Vipers, and from which they have acquired the common name of * Pit-vipers.” j
(2.) The Elapine are poisonous Snakes, in which the poison-fangs are per-

manently fixed and erect, and have smaller solid teeth behind them. The head /

(fig. 193, A) is shield-shaped, and not much wider than the body, its upper A

surface being covered with large shields or scuta. This group comprises some

of the most deadly of all the Serpents, one of the best known being the Hooded

Snake or Cobra di Capello (Naja tripudians), which is commonly found in
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Fig. 103.—Ophidia. A, Head of an Elapine Snake (Bungarus fusciatus), viewed from
. above. B, Head of a Colubrine Snake (T'ropidonotus natrix). C, Head of n Viperine ,/
Snake (Daboia Russellii). (A and C are after Sir Joseph Fayrer; B is after Belly | ~

)
Hindostan, and is the snake usually carried about by the Indian Shake /
charmers. It varies from two to six feet in length, and the neck cay, b ‘
extensively dilated, covering the head like a hood. A nearly allied Species i |
the Naja haje (fig. 189) of Egypt. The genus Bungarus, including the deaq)y,

¢ Kerait" (B. ceeruleus) of India, is nearly allied to Naja, but the neck is not !
dilatable. America hasrepresentatives of this family in the beautifully marked >/
Coral-snakes and Harlequin-snakes (Zlaps) ; and they abound in the Australian
region, a well known type being the Death-adder (dcanthophis).

(3.) The Hydrophidw comprise aquatic Ophidians which have the tail ver-
tically compressed and broadened out. They are found principally in the
Indian and Chinese seas, often frequenting the mouths of rivers, thongh some-
times ranging far from land. They are extremely poisonous, and swim wit}
great ease and rapidity.
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(4.) The Colubrina comprise a great number ofyltogether innocuous Snakes,
in which the superior maxille are provided with solid teeth only, and there
are no fangs. The head in the Colubrine Snakes is not much wider than the

- neck, and is covered with large shields (fig. 193, B). The Colubrine Snakes

p { are cosmopolitan in their distribution, and an excellent example is the common
A Ringed Snake (Coluber or Z'ropidonotus natriz) of Britain, a perfectly harmless

. animal, which is commonly found in damp situations, and which lives mainly
upon frogs. Closely allied to this is the Black Snake (Bascanion constrictor)

/ of North America, which attains a length of from three to five feet, but is

7 perfectly harmless, so far as man is concerned.

(5.) The Pythonina comprise the well - known serpents termed the Boas,
Pythons, Anacondas, and Rock-snakes. The members of this group are the
largest of all living Snakes, attaining a length of certainly over twenty feet.
Their bite is not venomous, but they are nevertheless highly dangerous and
destructive animals, owing to their great size and enormous muscular power.
They seize theiv prey and coil themselves round it in mumerous folds, by
tightening which they gradually reduce their victim to the condition of a
“hapeless bolus, fit to be swallowed. The dental apparatus is extremely

~ powerful, giving a firm hold for the constriction of the prey. They possess
rudimentary hind-limbs, terminating in horny anal spurs, which co-operate
with the prehensile tail in enabling the animal to suspend itself from trees.
The true Boas and An.:ondas are South American, but the Pythons are
inhabitants of Southern Asia and Africa.

/ i
Orper III. LACERTILIA.

The third order of Reptiles is that of the Lacertilia, comprising 51111
the animals which ave properly known as Lizards, together with
some $nake-like creatures, such as the Blind-worm- They are

distinguished by the following characters : Usually there are two

.
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‘ Fig. 194.—Jguana.

pairs of well-developed limbs, but there may be only one palslc’aotl;lll.
the limbs may be rudimentary. In all cases, hoyeyEs n.t (p,gmz-
arch is present. The vertebre are usually hollow 11 ﬁ.o 5 o Lacer-
ous), rarely hollow at both ends (amphicelous). In no living e
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tilian are the teeth lodged in distinet sockets. The eyes are mostly
furnished with movable eyelids. The integument is usually fur-
nished with horny overlapping scales, like those of the Snakes
(fig. 195). 3

four well-developed legs, and would therefore be popularly calleq
“Tizards.”” Some of them, however, such as the common Blind-
worm (dnguis fragilis) of our own country, exhibit no external
indications of limbs, and would therefore be generally regarded as
Snakes. These snake-like Lizards, however, can be distinguished
from the true Ophidians by the consolidation of the bones of the
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Fig. 195, —Blind-worn (_.17;guisjmgilis). (After Bell.)

at the eyes are generally Provideq
also shows that the shoul(]er

rays present In a rudiment

head and jaws, and by the fact th
with movable eyelids. Dissection
girdle (or scapular arch) is aly
condition.

Few Lizards are natives o

-'ll'y

f Britain ; the only forms which can pe
said to be at all abundant being the Blind-worm.or Slow-worm and
the Sand-lizard (ZLacerta agilis). Of the s;mke-llke Lizards, a good
example is to be found in the common Blm.d-\\'orm or Slow-worm
of Europe. It is completely serp.en‘t.lf«:)r{n, without any external in-
dications of limbs (fig. 195), and it is quite harmless, Tt is remark-
able for the fact that, when alarmed, it stiffens its muscles to such
an extent that the tail can readily be broken off, as if it were brittle.

N
As a general rule the animals included under this head haye,

“1“
7/ i '{
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This same brittleness exists in the Glass-sngke (0 phisauirus ventralis)
of the Southern United states, in which also there are no limbs. In
other allied genera, there may be fore-feet alone, or hind-feet may

“be present, or all four limbs exist in a more or less rudimentary

condition. In the true Lizards (Lacerta), all four limbs are present
in a well-developed form ; as is seen in the common Green Lizard
(L. viridis) of Europe. The genus Lacerta is represented in America
by the Ameive, of which the Striped Lizard (Admeiva sex-lincata) of
the Southern States may be taken as a good example. Of all living
Lizards the largest are the Monitors ( Varanidw), which are exclu-
sively confined to the Old World, and attain sometimes a length of
from six to eight feet. Very large, too, are some of the Iguanas

Fig. 106, —Head of Gecko stentor. (After Gilnther.)

| (fig, 194), which occur in warm regions in various parts of the world,
Abut especially in South America, where they are often eaten. Related
O the Iguanas are the singular Lizards known as the Flying
Dl‘ilgons (Draco), various species of which inhabit the Indian Axrchi-
pelago and the East Indies. They are all of small size, living in
trees and feeding on insects; and their great peculiarity consists in
the fact that certain of the ribs are straightened out and support a
wing-like fold of the skin on each side of the body, by means of
which the animal can take very extensive leaps from tree to tree.
The Scincoid Lizards form a very large family, represented by
numerous species in all parts of the world. One species is a common
form in Bgypt and Arabia, and was formerly used as a remedy in
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ravious diseases. A neaply allied species is the blue-tailed Lizard
(Seineus fasciatus) of the United States.

The Geckos (Geckotide) form a large group of night-loving Lizards,
which are found in most parts of the world, and chiefly deserve
notice from the fact that their eyes ave not provided with movable
eyelids (fig. 196). The Chamzelons, also, cannot be said to possess
movable eyelids, for the eye is covered with a single lid, leaving only
a central aperture for the pupil. The common species (Chameleo
Africanus) occurs abundantly in the north of Africa, and has long
been known for the changes of colour which it has the power of ex--
hibiting. It is a sluggish animal, and catches insects by darting out
its long and worm-like tongue with extreme rapidity.

Orper IV. CROCODILIA.

[

The last and highest order of the living Reptiles is that of the 1 |
Crocodilia, comprising the Crocodiles, Alligators, and Gavials, "-htl\'
characterised by the following peculiarities : The outer or integu.

A, Head and anterior portion of the body of Crocodilus pondicerianus ; i
B, Hind-foot of the same. (After Giinther.) s l

Fig. 107.

mentary skeleton consists partly of horny scales developed by the
outer layer of the skin, and partly of large bony plates produced by
the inner layer of the skin (fig. 197). The bones of the skull and
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face arve firmly united, and the two halges of the lower jaw are
joined by a distinct suture. The teeth form a single row in both
jaws, and are implanted in distinct and separate sockets. The front
ribs of the trunk are double-headed, and there are no collar-bones.
The heart consists of four distinet chambers, two auricles and two
ventricles, all completely separated from one another. The mixture
of arterial and venous blood, however, which is so characteristic of
Reptiles, is provided for by a communication between the great
vessels which spring from the two ventricles in the immediate
neighbourhood of the heart. The eyes are protected by movable
eyelids, and the ear by a movable ear-lid. The tongue is large and
fleshy, and is immovably attached to the bottom of the mouth (hence
the belief of the ancients that the Crocodile had no tongue). Lastly,
the (rocodilia agree with the typical Lizards, and differ from the
Snakes in having four well-developed limbs.

The Crocodilia abound in the fresh waters of hot climates, and
are the largest of all living Reptiles, not uncommonly attaining a
length of sixteen feet or upwards.

The true Crocodiles have the feet more or less webbed, the hind-
legs bordered by a fringe, and the fourth tooth in the lower jaw
received in a notch on the side of the upper jaw. They belong
mainly to Africa and Asia, but they are also represented in Australia,
in the West Indies, and in South America.

The Alligators have the hind-legs simply rounded, and the toes
not completely webbed ; while the fourth tooth in the lower jaw
fits into a cavity in the palate, and is concealed from view when the
mouth-is shut. Like the Crocodiles, they are essentially aquatic in
their habits, and lie dormant during the winter in cold climates, and
the hot season in warm countries. They arve extremely voracious,
and live upon fish and small Mammals. The best-known species are
the common Alligator (A. Mississippiensis) of the Southern States, the

" Caiman (4. palpebrosus) of Surinam and Guiana, and the * Jacaré™

(4L sclerops) of South America.
‘ The Gavial or Gangetic Crocodile occurs in India, and is distin-
8uished by its narrow, elongated jaws, forming a kind of beak. It
attains a length of more than twenty feet. Closely allied types occur
in the rivers of North Australia and in Borneo.
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. EXTINCT ORDERS OF REPTILES.

OrpER V. [CHTHYOPTERYGIA.

In this order are ineluded a number of gigantic fish-like Reptiles, which are
all extinet, and are characteristic of the Secondary period of geology, and
SSpecially of the formation known as the Lias. The chief characters by which
they are distinguished have reference to their purely aquatic life, for there can
Tfe 1o doubt that they were inhabitants of the sea. Thus the body was fish-

ike, without any distinct neck. The vertebra: were hollow at both ends

(amp/tz'co:laus), and the spine thus possessed the flexibility and power of motion
S0 characteristic of the true Fishes. The limbs also constituted powerful swim-
"‘ing-padd]cs, and it is probable that there was a vertical tail-fin.

Much has heen gathered from various sources as to the habits of the Zchthy-
98aury, and their history is one of the most interesting chapters in the geo-
logical record, That they chiefly kept to open seas may be inferred from thdi{

Fig. 108.—Skull of Ichthyosaurus, showing the sclerotic plates,

strong and well-developed swimming apparatus ; but the presence o.f a powerful
bony arel supporting the fore-limbs proves that they must occasionally haye
betaken themselves to the land. That they were tenants of stormy waters, or
were in the habit of diving in search of prey, has been inferred from the fact
that the eyeball is protected from pressure ’{)’ a T.illg of bony plates. That
they possessed great powers of vision, especially in the dusk, seems to be,
rendered certain from the size of the pupil and the enormous width of tle
bony cavities (orbits) which contained the eyes. Lastly, that they were car-
nivorous and predaceous in the highest defgree is shown by their wide mouths,
long jaws, and numerous powerful :uul‘ pointed teeth. This is also proved by
an examination of their petrified droppings, which are known as coprolites,'"
and which contain in abundance undigested fragments of fishes and other

marine animals.
OrDER VI. SAUROPTERYGIA,

The Reptiles helonging to this order agree with the last in heing all 01’:'-“‘?';
and in being confined to the Secondary period of geology, The bes;: ]x!o‘bs
are the Plesiosawri, which resembled tlfe. IC/L”‘Q/OS(lNTl: in having all the -1":1
converted into swimming-paddles, but differed in several respects, Of)“’bf“ LS
most obyious is the great elongation of the neck (fig, 199). The Plesiosaur
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were gigantic marine Reptiles, chiefly characteristic of the formations known
as the Lias and Oolites, As regards the habits of the Plesiosaurus, Dr Cony-
beare coneludes : ¢ That it was aquatic is evident from the form of its paddles ;
‘that it was marine is almost equally so from the remains with which it is uni-
versally associated ; that it may have occasionally visited the shore, the resem-
blance of its extremities to those of the Turtle may lead us to conjecture; its
"10\'0"1011&", however, must have been very awkward on land ; and its long l_lCCk
Bl s el i progra ot e e, presanin sk
ganisation which so admirably fits the Ichthyosaurus
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Fig, 100, — Plesiosaurus dolichodeirus. Lias,

through the waves” )¢ j4s preathing-organs are such that it must of neces-
sity have required to obtain air frequently, it may be inferred that it swam
upon or near the surface. arehine back its long neck like a swan, and occasion-
ally darting it down at 'Lhe ﬁqhb“-]lich happened to float within its reach. It
way perhaps have lurked in shoal-water along the coast, concealed amongst
t!": sea-weed, and, raising its .uostrils to a level with the surface from a con-
Siderable depth, may have f(;und a secure retreat from the assaults of powerful

\ Shemjes ; whilst the length and flexibility of its neck may have compensated

folr the want of strength in its jaws and its incapacity for swift motion through
¢ water.”

Orper VII. PTEROSAURIA.

The Reptiles of this order are all extinct, and, like those of the preceding
orders, are exclusively confined to the Secondary period of geology. The most
familiar examples are the go-called Plerodactyles, and the distinguishing char-
acters of the order haye reference to the fact that they were all adapted for an
aerial life. They present, in fact, an extraordinary combination of the charac-
ters of Birds and Reptiles, and they make also some approach to the Mammalian
order of the Bats. In the presencé of teeth in distinct sockets, and, as we shall
see hereafter, in the structure of the fore-limbs, the Pterodactyles differ nllto-.
gether from all living birds ; and there can be little doubt as to their being
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genuine reptiles. The only living Reptile which has any power of sustaining
itself in the air is the Flying Dragon (Draco), which has been previously men-
tioned. In this case, however, the animal has no power of true flight, but is
simply enabled to take extensive leaps by means of & membranous expansion™

on each side of the body. In the Bats, again, the power of genuine flight is \
present ; and this given by means of a leathery membrane which is supported !
chiefly by certain of the fingers—which are greatly lengthened—and is attached
to the sides of the body and hind-limbs.

In the Pterodactyles the power of true flight was present ; and this was also
conditioned by means of a leathery expanded membrane, attached to the hind- N
limbs, the sides of the body, and the fore-limbs. In this case, however, the
chief support of the flying membrane was derived from the ontermost finger
of the fore-limb, which was enormously elongated (fig. 200). That the Ptero-

4

Fig. '.’.00.—I’((‘l'n(lactylusnmssh"osrra’a‘. From the Lithographic Slates of Solenhofen (Uppe \, /
Oolite). In accordance with the view originally entertained, the digits of the ) s ‘>
are here erroneously represented as five instead of four in number, and J

dactyles passéd their existence chiefly in the air, and did not simply leap fy,
tree to tree, is shown by two characters in which they agree with the ﬂ\'?f;
birds. Many of the bones, namely, were *pneumatic ”"—that is to SayiWVEre
hollow, and were filled with air. Secondly, whilst the shoulder-girdle has
_many of the characters of that of birds, the breast-hone (sternum) is fur-
nished with a prominent ridge or keel, serving for the attachment of the great
muscles which work the wings.  There can be no doubt, therefore, 45 to the
Pterodactyles having enjoyed the power of genuine flight. Many of them
attained no great size, but some of them must have been gigantic, the expanse
of wing in one species having been caleulated at probably about twenty-seven
feet from tip to tip.
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L
OrpER VIII. ANOMODONTIA.

This order has been founded for the reception of a number of fossil Reptiles
belonging to the period of the New Red Sandstone, all of which seem to have
been adapted for walking upon the dry land. They were either destitute of
teeth—in which case the jaws seem to have constituted a beak, like that of a
Turtle—or they possessed two great tusk-like teeth in the upper jaw (as is the
case in Dicynodon).

" OrpER IX. DEINOSAURIA.

The Reptiles of this order resemble the preceding in being adapted for walk-
ing upon the dry land ; and they are confined to the Secondary period of geolo-
gists. ' They were mostly of large size, and the structure of the hind-limb is in
some respects singularly similar to the conformation of the same part in the
great wingless birds, such as the Ostrich (Cursores). The fore-limbs are in
‘many instances so small, that these extinct Reptiles must have walked npon

" their hind-legs alone. The teeth are mostly adapted for an animal diet ; hut

in some cases the animal must have lived upon vegetable food. The most
important groups comprised in this order are Jguanodon, Megalosaurus, and
Hadrosawries.

OrRDER X. THERIODONTIA.

This order has been recently established by Professor Owen for the reception
of a number of extinet Reptiles from the New Red Sandstone. They present
some singular-resemblances to the ordinary Beasts of Prey (Carnivora), this
resemblance being especially seen in the fact that their teeth iwere arranged
in three distinet sets—incisors, canines, and molars ; and the canine teeth were
of large size and pointed, adapting their possessors for a predaceous and car-

. nivorous mode of life.
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CHAPTER XXVIIIL
CLASS IV. AVES.

Tae fourth class of the Vertebrates is that of the Birds or Aves,
which may be shortly defined as being “oviparous Vertebrates,
with warm blood, a double circulation, and a covering of feuthers!-‘?
(Owen). The other leading characters which separate the Birds™\
from the other Vertebrata ave, that the red blood-corpuscles are
nucleated ; the skull articulates with the spine by a single articulat-
ing surface (or condyle); the breathing-organs are in the form of
lungs, which communicate with a variable number of air-sacs
scattered through the body; and the fore-limbs are never termin-
ated (in existing birds) by more than two fingers, ending in claws,
and are generally madified so as to form “wings” or organs of
flight.

The feathers, which form such a distinctive character of birds,
are formed by a modification of the outer layer of the skin (epider-
mis), and from their non-conducting nature they serve to maintain
the high temperature of the body which is so.characteristic of the
class. A typical feather (fig. 201), such as one of the long feathers
of the tail or wing, consists of the following parts: 1. A horny
cylindrical tube, which forms the lowest portion of the feather, anq
is termed the “quill” 2. The “shaft,” which forms the centra)
axis of the feather, and which is simply the continuation of the
“quill.” The under surface of the shaft is always marked by ke
strong longitudinal groove, and it consists of a horny sheath, ﬁi]e(]
with a white spongy material, not unlike the pith of a plant. 3 |
The “webs,” which form the lateral expansions of the feather, and
are attached to the sides of the shaft. Each web is composed of
a number of small branches, called the “barbs ” . and each barb,
in turn, is furnished with a series of smaller fibres called the bar-
bules.” As a rule, the barbs are all kept in connection with one
another by means of the barbules, the ends of which are hooked.
Towards the base of the shaft, however, the barbs ave usually more
or less separate and placed at a distance from one another, con-

)
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stituting what is known as the “down.” dn the Ostriches and the
birds allied to them, all the barbs are disunited and placed at a
distance, and they are often not at
all unlike hairs in appearance. The
feathers of Birds not only greatly
conduce to the high temperature of
the body, but also serve to keep out
moisture, to which end there is a
peculiar oil-gland at the base of the
tail, with the secretion of which the
bird anoints its plumage.
The skeleton of Birds exhibits many
points of peculiar interest, mostly in
adaptation to an aerial mode of life ;
Bt only some of the more important
‘of these can be noticed here. The
9 entire skeleton is at the same time
peculiarly compact and singularly
. light, the compactness being due to
the presence of an unusual quantity
of phosphate of lime, and the light-
ness to the fact that many of the
bones are filled with air in place of
marrow. The cervical region (neck)
of the vertebral column is unusually
long and flexible, since the fore-limbs
are useless as organs of prehension,
and all these functions have to be
performed by the beak. In all Birds
the neck is, at any rate, sufficiently
long to allow of the application of
the beak to the tail, so as to permit
of the cleaning and oiling of the
' Whole plumage. The vertebrae which
orm the back or dorsal region of the
‘Shine are generally more or less im-
movably connected together, so as to v
give a base of resistance to the wings. Fig. 201.—Quill-feather (Stenopsis) : @
In the Ostrich, however, and in other ~ Quill or barrel 2 ”s:’“fg: °:l:§e‘t‘5'
b.irds, in which the power of flight is ;:g:‘c):sg;::;,; ‘3,0‘?.‘- BRIHD 9
either very limited or is absent, the
dorsal vertebrie are more or less movable one upon the other. The
vertebra which follow the dorsal region of the spine are all amalga-
mated together to form a single bony mass, which is termed the
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“gacrum” ; and this, in turn, is united on both sides with the bones
" which form the pelvic arch, which carries the hind-limbs. The

vertebrae of the tail are more or less movable upon one anothep.
and in almost all living birds, when fully grown, the last joint of ™\
the tail (fig. 204, B, 5) is a long, slender, ploughshare-shaped bLone,
which is really composed of several vertebrse united together. Ig
is usually set on at an angle nearly perpendicular to the axis of
the body, and it serves to support the great tail-feathers, which act
as a rudder during flight. It also serves to support the oil-gland,
which supplies the secretion with which the feathers are lubricated,
The skull in Birds has its several bones generally so amalgamated
in the adult, that it forms a bony case in which the sutures can no
longer be recognised. The head is jointed to the spine by no more
than a single articulating surface or condyle. The beak, which
forms such a conspicuous feature in Birds, is composed of twin
halves, an upper half or “upper mandible,” and a “lower mandj.
ble.” The lower mandible, like the lower jaw of all the Sawrop- b
sida, is at first composed of several pieces, but these are all undis-

tinguishably united in the adult, and the two halves of the jaw {

are also amalgamated together. In no living Bird are teeth ever
developed in either mandible ; but both mandibles are sheathed in
horn, constituting the “beak,” and the margins of this sheath are
sometimes serrated. In some curious fossil Birds, however, there
are teeth in the jaws. The lower jaw is articulated to the skull
by the intervention of a movable “quadrate bone” In many
Birds, also, the upper mandible of the beak is so joined to the skull
as to be capable of movement.

The most characteristic points, however, in the skeleton of the
Birds, are to be found in the structure of the limbs. The cavity
of the chest or thorax is bounded behind by the dorsal vertebrze,
on the sides by theribs, and in front by the breast-bone or stey.
num. The ribs vary in number from seven to eleven pairs, and in
most Birds most of the ribs give off a peculiar process (“ uncinate Pro-
cess,” fig. 202, B) which passes over the rib next in succession behing
In front the ribs are jointed to a series of straight hones, which ('ll‘c;
called the “sternal ribs,” and these, in turn, are movably articy. !
lated to the breast-bone in front. Accm‘ding to Owen, these ster-
nal ribs are “the centres upon which the respiratory movements
hinge.” In front the cavity of the chest is completed by an enor-
mously expanded breast-bone or sternum (fig. 202, A), which, in most
birds of any powers of flight, extends more or less over the abdom-
inal cavity as well. The sternum of all Birds which possess the
power of flight is characterised by the presence of a prominent
ridge or “keel” (fig. 202, A, b), to which are attached the great

——
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museles (pectoral muscles) which move the wings. As a general

rule, the size of this crest or keel gives a tolerably just estimate

~of the flying powers of the bird to which it belonged. The keel is,
of course, most largely developed in those birds which possess the
power of flight in its greatest perfection ; and in certain birds which
do not fly, such as the Ostrich, there is no sternal keel at all. The
pectoral arch or shoulder-girdle of birds, consists of the shoulder-
blades. (scapule), the clavicles or collar-bones, and of two bones,

Fig. 202.—A, Breast-bone, shoulder-girdle, and fore-limb of Penguin (after Owen): b
Breast-bone (sternum), with its prominent ridge or keel; s s Shoulder - blades
(scapules) ; % Coracoid bones; ¢ Furculum or merry-thought, composed of the
united collar-bones (clavicles); h Bone of the upper arm or humerus; r Radius,
‘and u Ulna, forming together the fore-arm; g Bones of the wrist or carpus; t
Thumb; m Metacarpus; p Phalanges of the fingers. B, Ribs of the Golden Eagle:
@ o Ribs giving off processes (b b); ¢ ¢ Sternal Ribs.

Which are distinct in Birds, and are called the “coracoid bones.
The shoulder-blades (s s) are usually long and narrow bones. The
coracoid bones (£ £) correspond with the part of the shoulder-blade
which is known in most of the Mammals as the “coracoid pro-
cess”; and in Birds they ave not only separate bones, but they are
the strongest bones of the pectoral arch. They are more or less
nearly vertical, and they form fixed points for the downward stroke
of the wing. The collar-bones or clavicles (¢) in the great majority
of Birds are united together in front, so as to form a somewhat V-




282 VERTEBRATE ANIMALS.

shaped bone, which is Yechnically called the *furculum,” but is
familiarly called the “merry thought.” The function of this cla-
vicular arch is to keep the wings asunder during their (lown\vard\
stroke, and the strength of the furculum varies, therefore, with the
powers of flight enjoyed by each bird. The bones which form the
limb proper, or “wing,” are considerably modified to suit the
special function of flight, but essentially the same parts are present
as in the fore-limb of the Mammals. The upper arm (fig. 203) is
constituted by a single bone, the lumerus (%), which is generally
short and stout. The fore-arm
is composed of two bones, the
radius (r) and the ulna (w), of
which the ulna is the bigger.
These are followed by the
small bones, which form the
wrist or carpus (g), but these
are reduced to fwo in number,
The carpus is followed by the
bones which constitute the root

but these are also reduced to

number, as they are in most
Mammals. The two metacar-
pal bones are also amalgamated
together at both ends; so as to
form a single piece, at the base
of which, on its outer side,
is a rudimentary digit, the
“thumb™ (¢), which carries
tuft of feathers, known as the
Fig. 208.—Fore-limb of the Jerfaleon. A  «hagtard wing.” The meta-

Humerus; » Radius ; « Ulna ; ¢ “Thumb ; .

m Metacarpals, anchylosed at their extrem- carpal bOl')es, finally, Support

ities ; p p Phalanges of fingers. each a single finger (p), of?
which one is never composed

of more than one bone or plhalanz, whilst the other is composed of L

two or three phalanges. (To understand thoroughly the leading
modifications of the limbs of Birds, the student will do well to refer
to the general description of the limbs of Vertebrates, pp. 222, 223,
figs. 160, 161.) 3y

As regards the composition of the hind-limb in Birds, the two
halves of the pelvic arch (i.e., the innominate bones) always form a
single piece each, and they are always firmly united with the sacral
region of the spine. With the single exception, however, of the

of the hand or metacarpus (m), |

two, instead of being five in °

3

/
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_Ostrich, they do not unite below, but rem®in separvate. As in the
higher Vertebrates, the lower limb consists of a thigh-bone ( femur),
~ashank, composed of two bones (¢ibic and fibula), a tarsus, a meta-
" tarsus, and phalanges, but some of these parts are obscured by
coalescence. The thigh-bone or femur (fig, 204, f), is generally
very short, comparatively speaking ; and the chief bone of the leg
is the #bia (), to which a thin and tapering fibula (r) is attached.

\Fig. 204.—A, Pelvis and bones of the leg of the Loon or Diver (after Owen): i Innomi-

Date bone; fThigh-bone (femur); ¢ Tibia; » Fibula, together forming the shank;

;’: ansoqnutatnrsus; P Phalanges of the toes. B, Tail of the Golden Eagle: &
loughsharc-shalmd bone, carrying the great tail-feathers.

\

In the regular typical limb of a Vertebrate animal the tibia and
fibula would be followed by a series of small bones, called the
tarsus, constituting the ankle-joint (fig. 161); and the tarsus would
in turn be followed by a series of bones constituting the root of the
foot, or metatarsus, In Birds, however, the tibia and fibula are
followed by a single cylindrical bone, which is called the * tarso-
metatarsus ” (m), and which is formed by the amalgamation of the
three principal metatarsal bones with the lower row of tarsal bones,




.the middle of the tarsus. In most of the long-legged birds it ig

very dilatable. In the flesh-eating and grain-eating Birds the gulley
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the metatarsal bone of ¢the great toe heing, when present, distinct
and rudimentary. The upper portion of the tarsusis amalgamated
with the lower end of the tibia, to which, therefore, the name of
¢ tibio-tarsus” is often applied. The ankle-joint is thus placed iﬁ\\‘)

by the great elongation of the tarso-metatarsus that the enormouns
length of the legs is produced. The tarso-metatarsus is followed J
below by the foot, which consists in most birds of four toes, of \{
which three are directed forwards and one backwards. In no wild
Birds are there more than four toes; but some domesticated varie-
ties possess a fifth. In all birds with four toes, the toe which is
divected backwards (the great toe or “hallux”) consists of two pha-
langes ; the innermost of the three forward toes has usually three
phalanges, the next has four, and the outermost toe is composed
of five. In many Birds, such as the Parrots, the outer toe is turnbd
backwards, so that there are two toes in front and two behind. Ty
the Swifts, again, all the four toes are turned forwards, In many
of the Swimming Birds (Vatatores) the hinder toe is wanting or
rudimentary ; and in the Ostrich both this and the next toe are ah- s
sent, so that the foot consists of no more than two toes. !
The digestive system in Birds consists of the beak, tongue, gullet,
stomach, intestine, and cloaca, with certain accessory glands. There ‘
are no teeth, and the beak is employed, in different birds, for holding |
and tearing the prey, for prehension, for climbing, and in some cases |
as an organ of touch, being in these last instances more or less soft,
and supplied with nervous filaments. In many Birds, too, the base
of the bill is surrounded by a circle of naked skin, constituting what
is.called the “ cere,” and this too serves as an organ of toucl: The
tongue of birds can rarely be looked upon as an organ of taste, since
it is generally cased in horn, like the mandibles. Tt is principally
employed as an organ of prehension, but it is soft and fleshy in the
Parrots, and in them, doubtless, acts as an organ of taste, Salivary :
glands ave always present, but they are rarely of large size, and aye)
often of extremely simple structure. In accordance with the lengtk/
of the neck, the gullet is usually very long in birds, and is genemll)'.

is dilated (fig. 205, ¢) into -a pouch which is called the * erop,” and
is situated in the lower part of the neck, just in front of the merry-
thought. This may be simply a dilatation of the tube of the gullet,
or it may be a single or double pouch. The function of the crop is
to detain the food, for a longer or shorter period according to its
nature, before it is submitted to the action of the proper digestive
organs. In the Pigeons, the food which has been previously softened
in the crop is returned to the mouth, and supplied to the young in
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a state suitable for digestion. The gullet, after leaving the crop,
shortly opens into a second cavity, called the © proventriculus,”
which is the true digesting stomach, and is richly supplied with
glands which secrete .the digestive fluid or gastric juice (p). This,
in turn, opens into a muscular cavity which is called the “gizzard ™
(), and which leads into the commencement of the small intestine.
The characters of the gizzard vary with the nature of the food. In
the Birds of Prey, which live on an easily digested animal diet, the
walls of the gizzard ave thin and membranous. 1In the grain-eating

i
m 3,

Fig, 205.—Digestive system of the common Fowl (after Owen). o Gullet; ¢ Crop;
p Proventriculus; g Gizzard; sm Small intestine; % Intestinal cwca; 1 Large
iutestine ; ¢l Cloaca.

*B

rds, such as the Fowls, whose hard food requires to be crushed
before it can be properly digested, the walls of the gizzard are
éxtremely thick and muscular, and the inner lining is hard and
horny. In these Birds the gizzard constitutes a kind of grinding
apparatus, like the stones of a mill; whilst the “crop " may be
compared to the ¢ hopper ” of the mill, since it supplies to the
gizzard “ small successive quantities of food as it is wanted ” (Owen).
The grinding action of the gizzard is further assisted by the small
pebbles and gravel which, as is well known, so many birds are in
the habit of swallowing, These pebbles take the place of teeth,
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and there can be no doulgt that they are in many cases essential to
health, the bird being otherwise unable to triturate its food properly.
The intestinal canal extends from the gizzard to, the cloaca (el), and
is comparatively short. The secretions of the liver and pancregs
are poured into the commencement of the small intestine. MThe \
commencement of the large intestine is furnished in most Birds
with two blind tubes or “cmea”™ (£). These vary considerably in
" length in different Birds, and are sometimes wanting ; whilst theiy y
exact function is still questionable. The large intestine is seldom .
more than a tenth part of the length of the body, and is generally
conducted straight from the cweca to the cloaca. The cloaca is a
common cavity which in Birds, as in Reptiles, receives the termina-
tion of the intestine and the ducts of the generative and urinary
organs (ef).

Ltespiration is effected in Birds more completely, extensively, an/l
actively than in any other class of the Vertebrata, and, as the resuly
of this, their average temperature is higher than in any other Verte. -
brates. This extensive development of the respiratory process ig
due to the fact that air is admitted in Birds not only to the lungs,
but also to a series of air-receptacles which are scattered through
various parts of the body, and to the interior of a greater or Jess
number of the bones. The lungs are two in number, of a bright-red
colour, and spongy texture, and they are confined to the back part
of the chest. They differ from the lungs of Mammals in not being
freely suspended in a membranous bag (plewra), but in beine
fixed to the back wall of the chest. The thoracic and abdominaol
cavities are not separated from one another by a complete partition
(midriff or diaphragm) as in the Mammals, but the common thoraciec.-
abdominal cavity is subdivided by means of membranous partitions
into a series of cavities or saecs, which are termed the ¢ ail‘-rece]r-
tacles.” These air-sacs are filled with air from the lungs, and vary . / :
considerably in size in different Birds. They not only serve greatly \ ){
to reduce the specific gravity of the body, but also assist laxgely i), /
the aeration of the blood. Connected with the air-receptacles, and
supplementing their action in both of these respects, is a serieg of
cavities occupying the interior of a greater or less number of the
bones, and also containing air. In young birds these air-cavities 3 |

T —— -

the bones do not exist, and the bones are simply filled with mnn-ox‘v, B

as in the Mammals. In the Penguins, which do not fly, none of

the bones contain air-cavities or are “pneumatic”; and in the !
Ostrich only a few of the bones contain air. In the Pelican and
Gannet all the bones of the skeleton, except the phalanges of the |
toes, are permeated by air; and in the Hornbill even these are '

pneumatic. 1‘
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The Leart in all Birds consists of four ch%mbers, and the two sides
of the heart arve completely separated from one another. In all
essential details, as regards the structure of the heart and great

A ‘vessels, and the course of the circulating fluid, Birds agree with
™ Mammals. The impure venous blood which has traversed the
hody, is returned by the great veins to the right auricle. From
the right auricle it passes into the right ventricle, from which it is

| driven by the pulmonary artery to the lungs. Having been sub-

mitted to the action of the air contained in the lungs, and having
been thereby changed into arterial blood, the blood is sent back to
the left auricle by means of the pulmonary veins. Thence it passes
into the left ventricle, by which it is again propelled throughout the
whole body, to return again as venous blood to the right side of the
heart. The heart, therefore, of Birds, differs from that of Reptiles in
consisting of two sides, each composed of an auricle and'ventricle,
the right side being wholly concerned with sending the venous
"~ blood to the lungs, and the left side being entirely occupied with

sending the arterial blood to the body. The right side of the heart

is therefore venous, the left side arterial. In all Reptiles, on the

‘ \ other hand, the two circulations—namely, that through the lungs,

l and that through the body—communicate with one another, either

in the heart itself or in its immediate neighbourhood ; so that both
the lungs and the body are supplied with a mixture of venous with
arterial blood. Though the heart of Birds resembles that of Mam-
mals in general structure, its cavities arve relatively stronger, their
valyular mechanism is more perfect, and the contractions of this
| organ are more forcible and frequent in Birds, in accordance with
k their more extended respiration and their more energetic muscular
L3 actions ” (Owen). The urinary organs of Birds consist of two elon-
gated kidneys, which open by means of their ducts (the ureters)
nto the cloaca, along with the termination of the intestine and the
\ ‘chts of the reproductive organs. As a general rule, the female
"b“'d is provided with only a single ovary—that of the left side—

-

and 4] Birds, without exception, are oviparous. The egg is always
enclosed in a calcareous shell, and is mostly developed after expulsion
from the ‘body, by the process of “incubation” or brooding Y—a
process for which birds are especially adapted, in consequence: of their
very high average temperature. The young bird, when ready for an
independent existence, perforates the shell by means of a temporary
caleareous excrescence developed upon the point of the upper
mandible of the bill. In some Birds, mostly in the case of those
which live upon the ground, the young are able to run about and
look for food directly after they come out of the egg (Aves pracoces),
as is seen in the common Fowl. In most Birds, however, the young
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are liberated from the €gg in a perfectly helple'ss and naked con-
dition, and require to be fed by their parents for a longer or shorter

time, before they are able to take care of themselves. Most of
these Birds (dwves altrices), such as our common Song-birds, reside iii‘\y A4
TV

trees, and build more or less elaborate nests.

As regards their nervous system, the brain of Birds is relatively
larger than the brain of Reptiles, but it is destitute of those folds or
convolutions which form so marked a feature in the brain of most
Mammals. The organs of sense, with the exception of touch and
taste, are well developed in Birds, vision especially being generally
extremely acute. The eyes are always well developed, and in no
Bird are they ever wanting or rudimentary. The chief peculiarity |
of the eye of Birds is, that its anterior portion (cornea) forms the ]
segment of a much smaller circle than does the eyeball proper ; so '
that the whole eye assumes a conical shape. Another peculiarity is,
that the form of the eye is maintained by means of a circle of fro
thirteen to twenty bony plates, which are placed in the front portion
of the fibrous coat of the eye (sclerotic). Eyelashes are almost uni-
versally absent; but in addition to the ordinary upper and lower
eyelids, Birds possess a third membranous eyelid—the membrana
nictituns—which is placed on the inner side of the eye. This nictitat-
ing membrane is sometimes transparent, sometimes pearly white,
and it can be drawn over the front of the eye like a curtain, mod-
erating the too great intensity of the light. As regards the organ
of hearing, the chief point to remark is, that Birds possess no exzternal
ear, by means of which the undulations of sound can be collected
and transmitted to the internal ear. In some Birds, however, as the
Ostrich, the external opening of the organ of hearing is provided
with a circle of feathers, which can be raised and depressed at will.
In the notturnal Birds, also (such as Owls), the external opening of
the ear is protected by a musculo-membranous valve, foreshadowing ...
the gristly external ear of Mammals. The sense of smell is app;:.’ J
rently seldom very acute in Birds; and even the Birds of Prey appear
to seek their food mainly by the sight. The external nostrils are
usually placed on the sides of the upper mandible, near its base, anq'
form simple perforations which sometimes communicate from side)
to side. In the curious dpteryz of New Zealand, the nostrils n,]vj
placed at the extreme end of the elongated beak. Sometimes the
nostrils are defended by bristles, and sometimes by a cartilaginous
scale,

Before passing on to a consideration of the divisions of Birds, a few
words may be said on the migrations of Birds. In temperate and
cold climates, only certain birds remain constantly in the same region
in which they were originally hatched. Those which do so are called
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“ Permanent Birds” (aves manentes). Othe@Birds, such as the Wood-
peckers, migrate from place to place without following any very
definite course. These are called “ Wandering Birds ” (aves erratice),
and their movements are chiefly conditioned by the scarcity or
abundance of food in any particular locality. Other Birds, however,
at certain seasons of the year, undertake long journeys, usually
uniting for this purpose into larger or smaller flocks. Such birds—
of which the Swallows are a familiar instance—are properly called
“ Migratory Birds”? («ves migratorie) ; and their movements are con-
ditioned by the necessity of having a certain average temperature,
without which they cannot live, and also by the necessity of finding
a climate suitable for the bringing up of the young. Thus the
Migratory Birds of cold regions, when the cold season comes on,
travel to warmer countries ; but when the hot season of these regions
approaches, they migrate back again to temperate zones.
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CHAPTER XXIX.
DIVISIONS OF BIRDS.

Birps may be variously divided, but for our present purpose it is
most convenient to regard them as divided into the following thrjee
great primary divisions or sub-classes :— &

1. Ramrraz—This division comprises the Running Birds, wh\“{\ kd
cannot fly, such as the Ostriches, Emeus, and Cassowaries. It 'g X
characterised by the fact that the sternum has no median ridge dy }
keel for the attachment of the great pectoral muscles. The sternum [/
is therefore raft-like (Lat. rates, a raft), hence the name given to \.
this section. The barbs of the feathers are separate.

2. CarivarE—This comprises all living Birds except the preced-
ing, and is characterised by the fact that the sternum is furnished
with a prominent median ridge or keel (carina); hence the name
applied to the division. Under this head are included six smaller
divisions or orders.

3. OpoxrtoryITHES.—This sub -class comprises three orders of
fossil Birds, the essential characteristic of which is that they pos-
sessed true teeth, sunk in distinct sockets or grooves in the jaws.

SUB-CLASS I. RATITZAE. ]

OrDER CURSORES.

The Running or Cursorial Birds, comprising the Ostrich, Cass
wary, Emeu, Rhea, and Apteryx, are characterised by the rudis.
mentary condition of the wings, which are useless as organs of flight,
and by the compensating length and strength of the legs. In ac-
cordance with this condition of the limbs, the bones have few air-
cells, and the breast-bone is destitute of the prominent ridge or keel
to which the great muscles of the wings are attached (fig. 206, A).
The two sides of the pelvis are united together below in the Ostrich,
and in all the pelvic arch has great strength and stability. The legs
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are extremely powerful, and the hinder tog is wanting in all except
the Apteryz, in which it is present in a rudimentary condition. The
front toes (fig. 206, C and E) are either two or three in number, and
are furnished with strong blunt claws or nails. The feathers present
the remarkable peculiarity that the barbs, instead of being connected
by means of the barbules, are disconnected and separate from one
another, thus coming to resemble hairs in appearance.

The African Ostrich (Struthio camelus), which is one of the best-
known members of this order, inhabits the desert plains of Africa
and Arabia, and is the largest of living birds, attaining a height of

Fig. 206.—Morphology of Cursores. A, Sternum of the Ostvich (Struthio camelus): 8
Seapula; ¢ Coracoid. B, Side view of the pelvis of the Ostrich: i Ilium ; p Pubis;
is Ischium; f Femur. C, Foot of Apteryx australis; D, Tarso-metatarsus of the
Apteryz, showing the hallux placed high up on its posterior surface. E, Foot of
the Rhea americana.

\

Ymm six to eight feet. The head and neck are nearly naked, and
the quill-feathers of the wings and tail have their barbs wholly
Separate, constituting the ostrich-plumes of commerce. The legs
are extremely strong, and the feet have only two toes each. The
Ostriches run with extraordinary speed, and can outstrip the fastest
horse. They are polygamous, each male having several females,
and they keep together in larger or smaller flocks. The American
Ostriches or Rheas are much smaller than the African Ostrich, and
have the head feathered, whilst the feet are furnished with three
toes each. They inhabit the great plains of tropical America, and
are polygamous. The Emeu (Dromaius) is exclusively confined to
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Australia. In size it ncarly equals the African Ostrich, standing
from five to seven feet in height, and it is not uncommonly kept as
a domestic pet. The Cassowaries are found in the Malayan Archi-
pelago, North Australia, and New Guinea. The best known is the
Galeated Cassowary, which was first brought alive to Europe by the
Dutch. It stands about five feet in height, and possesses a singular
horny crest upon the head. The last group of the living Cursorial
Birds is the curious genus Apteryr of New Zealand. In the species
of this remarkable genus (fig. 207) the beak is extremely long and
slender, and the nostrils are placed at the extremity of the upper

Fig. 207.—The Apteryz australis of New Zealand, showing the hair-like featheyg
and the rudimentary great toe on the back of the foot. =

mandible. The legs are comparatively short, and there is a yyq
mentary hind-toe, provided with a claw. The feathers of the gé
eral plumage are long and hair-like, and the wings are altogeoiciy
rudimentary.

It is worth noting that in New Zealand are found the remains of
a number of gigantic Cursorial Birds which are now extinct, but
which seem to have been in existence when the jsland was first in-
habited by man. They are known to the Maories as Moas,” and
the principal genus is Dinornis.

In very many respects the various Birds which are here included

N
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in the order Cursores, are so different from one another, that they
may be regarded as forming divisions of equal, or nearly equal, value
to the “orders” which form the sub-class Carinate.

SUB-CLASS II. CARINAT.E.

This sub-class includes all the living Birds which have the power
of flight, and it therefore comprises the great majority of the entire
class of Adwzes. The Carinate Birds, however, are so similar to one
another in their general characters that they can with difficulty be
split up into minor sections. For our present purpose, however,
we may divide them into the six orders of the Swimming Birds

Natatores), the Waders (Grallatores), the Scratchers (Zasores), the
Jlimbers (Scansores), the Perchers (Znsessores), and the Birds of
Pl‘cy (Raptores), which orders are more or less natural groups, with
‘the exception of the order Scansores.

OrDER I. NATATORES.

The order of the Swimming Birds comprises birds which are as
much at home in the water as upon land, or even more so. In
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Fig. 205.—A, Heaq of the Grey Lag Goose. B, Foot of the Domestic Goose. -

accordance with their aquatic mode of life, the Natatores have
a boat-shaped body, generally elongated, and usually having a
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Iong neck. The legs areshort, and are placed behind the centre of
gravity of the body ; this position enabling them to act admirably
as swimming paddles, at the same time that it renders the gait upon.
dry land comparatively awkward and shuffling. The toes in all\\
the Natatores ave webbed to a greater or less extent, or, in other
words, are united by a membrane (fig. 208, B). In many the web
or membrane between the toes is stretched completely from toe to
toe, but in others the membrane is divided between the toes, so that
the feet are only imperfectly webbed. As their aquatic mode of

!
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Fig. 209, —Penguin (Aptenodytes patagonica), /
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life exposes them to great reductions of temperature, the body i,
the Natatorial Birds is closely covered with feathers, with a thi(.k_’,
covering of down next the skin. They are further protected ag,r:tin;;f
becoming wet whilst in the water by the great development of the =
oil-gland at the tail, by means of which the dense plumage is kept
constantly oiled. As a rule, the Natatorial Birds are polygamous,
each male having several females ; and the young arve hatched in a
condition not requiring assistance from their parents, being able to
swim about and procure food for themselves as soon as they are

liberated from the egg.
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Amongst the more important types of the Natatores may be enu-
merated the Penguins (Spheniscide), the Auks (Aleide), the Gulls
and Terns (Laridce), the Petrels (Procellaride), the Pelicans (Peli-
canus), the Cormorants (Phalacrocoraz), the Gannets (Swla), the
Ducks (Anatide), the Geese (Anserine), and the Swans (Cygnide).

The Penguins and Auks, with their allies the Divers, Guillemots,
and Grebes, ave rudimentary, or at any rate small, wings, and are
all more at home in the water than upon land. In the Penguins
(tig. 209), the wings are rudimentary, and covered with .a sca.ly
skin. They are used by the bird as fins in swimming under water.
The Penguins are confined to the southern hemisphere. The Gulls,
Terns, and Petrels, on the contrary, are all birds of powerful flight,
and some of them, such as the Albatross, are habitually found hun-
dreds of miles from the nearest land. The Pelicans, with their
allies the Cormorants, Frigate-birds, and Darters, are excellent
fliers, and also not uncommonly perch on trees, which few Nata-
torial birds do. They are distinguished by having the hinder toe
directed inward, and united to the innermost of the front toes by a
continnous membrane. The Ducks, Geese, and Swans have the bill
very much flattened (fig. 208 A), and covered by a soft skin. The
edges of the bill arealso furnished with a series of transverse plates,
which form a kind of fringe or “strainer,” by means of which these
birds sift the mud in which they habitually seek their food.

ORDER II. GRALLATORES.

The Wading Birds for the most part frequent moist situations,
such as marshes and shallow ponds, the shore of the sea or the banks
of rivers or lakes, though some of them keep entirely, or almost
entively, to the dry ]zmd. In accordance with their semi-aquatic,
amphibious habits, the Waders are distinguished by the great length
of their legs—the increase in length being chiefly due to the elongq-
tion of the tarso-metatarsus. The legs (fig. 210, A) are also un-

€athered and naked as far as the lower end of the tibia, at any rate.
lere are three anterior toes, and usually a short hind-toe ; but the
toes are never completely webbed, though they are sometimes par-
tially palmate. The wings are long, and the power of flight is
usually considerable ; but the tail is very short, and its function as
a rudder is chiefly transferred to the long legs, which are stretched
out behind in flight. The beak is almost always of great length,
generally longer than the head (fig. 210, B), and usually more or less
pointed, though it is sometimes flattened. In the Avocet (C) the
bill is curved upwards, instead of being straight, or bent down-
wards, as is generally the case. The typical Waders, as before said,
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spend most of their timg wading about in shallow water, feeding
upon small fishes, shell-fish, worms, and insects. Others, such as the
Storks, live mostly upon the land, and are more or less exclusively
vegetable feeders. B

(Rallide), Water-hens (Gallinule), Cranes (Gruide), Herons (Ar-
deida), Storks (Ciconine), Snipes (Scolopacide), Sandpipers (Z'rin-
gidee), Curlews (Nwmenius), Plovers (Charadriide), and Bustards
(Otide).

The Rails are more or less terrestrial in their habits, but inhabit
marshes and fens. Good examples are the Marsh-hen (Rallus ele-
gans) and the Virginia Rail (&2. virginianus) of North America, and

- N\, %
Amongst the more important Grallatorial birds are the Rails \2,)
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Fig. 210.—Grallatores. A, Legand Foot of Curlew ; B, Head of Snipe ;
C, Beak of Avocet. {

the Corn-crake (Crex pratensis) of Europe. The Water-hens (G- .
linula) and Coots (Fulica) are aquatic or semi-aquatie, swimmiy )
and diving with the greatest ease. The Cranes are in the Main
vegetable-feeders, and inhabit dry plains. The Herons (fig. 21,
Egrets, Bitterns, and Night Herons, form a beautiful family of ‘Va(lf
ing Birds, represented in almost every portion of the known world
Nearly allied to these are the brilliantly coloured Thises ( Tantah’r,lw).
which inhabit all warm countries. The Ciconine are all large birds:
and comprise the Storks and Adjutant; while the Spoonbills :\re,
mainly separated from them by their flattened, spoon-shaped bill,
The Scolopacide, comprising the Snipes and Woodcocks, the 77in-
gide (or Sandpipers), the Curlews (Nwmenius), and various other
allied Birds, are distinguished from the preceding by the possession
of a long, soft, slender bill, which is used in probing the ground for

S ~ —
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food. In the Charadriide ave comprised the Oyster-catchers, Turn-
l’ stones, Lapwings, Plovers, Thick-knee, and many other familiar.
| Birds. Lastly, the Otide comprise only the Bustards, which are ex-

Fig. 211.—Grallatores. Common Heron (Ardea cinerca).

clusively confined to the Old World, and make a decided approach
to the Rasorial Birds.

| OrDER III. RASORES.

The Seratching Birds—or as they are often called, the Gallinace-

| \ Ous Birds—are characterised by the fact that the upper mandible
of the bill is convex and vaulted (fig. 213), and has a membranous

'Space at its base, in which the nostrils are pierced. The nostrils are

also covered by a cartilaginous scale. The legs are strong and mus-

cular, and ave often covered with feathers as far as the ankle-joint.

There are four toes (fig. 212, A), three in front, and a short hind-toe

placed on a higher level than the others. All the toes, in the typical

members of the order, are provided with strong blunt claws, suitable

, for scratching. The food of the Rasores consists chiefly of hard
grains and seeds, and in accordance with this, they have a large

crop, and an extremely strong and muscular gizzard. They generally

lay their eggs upon the ground, and they are mostly polygamous,
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each male having severalenates. The Doves, however, pair for life.

The males take no part in building the nest or in hatching the, eggs : |
and the young are generally precocious, being able to run .al)out and St
provide themselves with food from the moment they quit the egg. A
The wings are usually weak, and the flight feeble, and accompanied

with a whirring sound ; but many of the Pigeons are ‘powerful
fliers.

The order Rasores is divided into two very well-marked sections  * :
or sub-orders, called respectively the Gallinacei and Columbacer. In 4
the Gallinacei ave all the ‘

typical forms of the or-

der, and the characters !
of this section are there- l
fore the same as those of

the order itself. Theyi

are distinguished from

the Columbacel mainly . }
by being less fully adapt-

ed for flight, their bodies

being much heavier, com-
paratively speaking, their

legs and feet stronger,

and' their wings shorter. |
The hind-toe (great toe)

is placed on a higher

level than the three

front toes (fig. 212, A),

and merely touches the

ground in walking. The

foot is therefore specially

adapted for living on the \

Jrma g ground rather than fo,. Y/ |
i g % - Tetrao tetrix). . i
Fl:{\;l.u?](-;.—;l\"l)c}rogful(";nlx}(:z:kv?:‘i: ((:{' t;{eofoot of the Ef:i‘]];:g O]“' t'.l oo ':Phey
Wnod-’pigeon (Columba palumbus), QRS & polygamous ; ayqg
the males may POssesg
' “gpurs,” and are usually more bril_liautly colqured than ﬂ'le femaleg
The leading families of the Gn!h’naceous Birds :1‘1'e : 1. The Petras \
onidee, or Grouse fnmi]y,.comprxsmg the true Grouse, and Blagk
Game (Tetrao), the Ptan.m'gans (Lctg()p?{s), the R}lﬂ'ed Grm'ls.e (Bon-
asa), &e. 2. The I’erdwz_cla-, or I’nrt’;ndge.fafm.ly, comprising tl.le
Partridges (Perdiz), Quzul.s (Coturniz), Virginian and Mo.untf:un
Quails (Ortyx), (Crested Quails (Lop/cortj/:r), &e. 3. The Pfusz(‘lmdw,
or Pheasant family, comprising the various Pheasants (/ /zaszanu_s),
the Domestic and Jungle Fowls (Gallus), the Turkeys (Meleagris),
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the Guinea-fowls (Numida), and the Pea-fowl (Pavo). 4. The Mega-
podide, or Mound-builders, comprising only some singular Aus-
tralian and Indian birds, which build enormous mounds, in which
they deposit their eggs. 5. The Cracide, or Curassow family, com-
prising the large South and Central American birds known as
Curassows and Guans. 6. The Pteroclide, or Sand-grouse, of the
0Old World, which, in their long and pointed wings, make an‘ap-
proach to the Pigeons. 7. The Z%inamide, or Tinamous, of South
America, in which the tail is short, or may be wholly wanting.

. 1 \\_ o e T
\’ Fig. 213.—Rasores. Rock-pigeon (Columba livia),
:

| The Colwmbacei comprise the Pigeons and Doves, and they are
Separated from the typical Rasores by being much more fully adapted
| for flight. They are furnished with strong wings and are good
fliers ; and in place of being ground-birds, their habits are generally
to a great extent arboreal, in accordance with which the feet are
slender, and are adapted for perching, the great toe being placed on
a level with the other toes (fig. 212, B). They are also not poly-
gamous, and their voice is of a much more gentle, soft, and melan-
choly character. (Hence the name of Gemitores applied to this sec-
tion, whilst the Gallinacei ave called the Clamatores.) Besides the true
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Pigeons and Doves, thisssub-order includes also the remarkable
extinet bird the Dodo, which was of gigantic size, comparatively
speaking, and inhabited the island of Mauritius up to the com-
mencement of the seventeenth century. N

ORDER IV. SCANSORES.
.

The order of Scansores or Climbing Birds is very shortly and
easily defined, having no other distinctive and exclusive peculiarity,
except the fact that the feet have four toes, of which two are turned
backwards and two forwards (fig. 214, B). Of the two toes which
are turned backwards, one is the proper hind-toe, and the other is
the outermost toe. This arrangement of the toes enables the Scan-
sorial birds to climb with great ease and readiness. Their powers
of flight are usually very moderate, and below the general average
and their food consists of insects and fruits of various kinds. Their
nests are usually made in the hollows of old trees, but some
(Cuckoos) have the remarkable habit of depositing their eggs in the
nests of other birds. They are never polygamous, and the young
are born in a naked and helpless condition. (

Fig. 214.—A, Skull of a Parrot (Psittacus erythacus). B, Foot of the same: a Halluy .
b Index ; ¢ Middle toe; d Outer or ring toe. (After Blanchard.) :

-

Upon the whole, we must regard the order of the Seansores as an >
artificial assemblage, comprising birds which have little in commgy,
save the adaptations which fit them for an essentially scansorialr’)'

|

life. Bearing this in mind, we may include in the Scansores the !

following families: 1. The Cuculide, or Cuckoo family, comprising
the true Cuckoos and some allied. birds. They are remarkable for
the fact that many of them are “parasitic” ; that is to say, they lay
their eggs in the nests of other birds. The yellow-billed Cuckoo
(C. americanus), however, of the United States, builds a nest for
itself and brings up its own young, as do others of the family,
9. The Picide, or Woodpecker family, comprising many familiar
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birds, all of which climb and run up trees;with the greatest facility.
They live mostly on insects, which they catch by darting out their

long, worm-like, barbed tongue,

3. T PN « Parrot family.
comprising the true Parrots, the he Psittacide, or Y

COCkatoos, the Lories, the Parra-

Fig. 216.—Head of Toucan.

keets, and the Macaws. They are all natives of hot climates, and
are mostly remarkable for their brilliant plumage, and loud, harsh,
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14 grating voices. The beak (fig: 215) is hooked, and is used as a

d of third foot in climbing, but some move about actively on the
ground. 4, The Rhamphastide, or Toucans, distinguished by their
sormously large and cellular bills, the sides of which are serrated ™«
(_f’g- 216). They live in deep forests, in small flocks, and are con- X
fined to tropical America. 5. The Z7rogonide, or Trogons, which
mhftbit the most retired regesses of the forests of the intertropical
regions of hoth hemispheres, and are distinguished by their resplen-
dent Plumage. 6. The Barbets (Bucconide), of the warmer parts of
the New ang Old Worlds; and 7. The Plantain -eaters (Muso-
Phagide) of Africa.

{

OrpER V. INSESSORES,

The sixth order of Birds is that of the Znsessores ox Perchers, oftely
Spoken of as the Passerine Birds. They are defined by.Owen as’
ollows ; « Legs slender, short, with three toes before and one behind,
the two external toes united by a very short membrane” (fig. 217,
E and F).

“The Perchers form by far the most numerous order of birds, but
are the least, easily recognisable by distinctive characters common to
the whole group. Their feet, being more especially adapted to the
delicate labours of nidification ” (building the nest), * have neither
the webbed structure of those of the Swimmers, nor the robust
strength and destructive talons which characterise the feet of the
Birds of Rapine, nor yet the extended toes which enable the Wader
to walk safely over marshy soils and tread lightly on the ﬁoating
leaves of aquatic plants ; but the toes are slender, flexible, and
moderately elongated, with long, pointed, and slightly curved claws,

“The Perchers, in general, have the females smaller and lesg
brilliant in their plumage than the males ; they always live in pairs,
build in trees, and display the greatest art in the construction of ;,
their nests. The young are excluded in a blind and naked state, anq //
are wholly dependent for subsistence during a certain period o 5

W

parental care. The brain arrives in this order at its greatest pro_ |V
portionate size ; the organ of voice here attains its utmost complexity .
and all the characteristics of the bird, as power of flight, melody o
voice, and beauty of plumage, are enjoyed in the highest perfection
by one or other of the groups of this extensive and varied order.”

The structure, then, of the feet gives the definition of the order,
but the minor subdivisions are founded on the nature of the beak ;
this organ varying in form according to the nature of the food,
which may be “small or young birds, carrion, insects, fruit, seeds,
vegetable juices, or of a mixed kind.” In accordance with this
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character, the Jnsessores have been dividegd into four great sectionss
as follows :—

L Conirostres,—in which the !)ill is strong and on the
ical, broad at the base, and taPerig with considerable rapidity

whole con-
to the

of beak.

B, Head of Red-backed Shrike (Lanius collurio); showing the dentirostral WP¢ of
beak. C, Head of White-bellied SWift (Cupsclus metba), showing the fissirostral
type of beak. D, Head of Corn-bunting (Emberiza miliaria), showing the coniros-
tral type of beak, E, Foot of the Yellow Wagtail (."Iol'acillu' sulphurea). F, Foot
of a Finch (Fringilla).

point (fig. 217, D). The upper mandible is not markedly toothed at
its lower margin. Good examples of the conirostral beak are to be
found in the Sparrows, Finches, Buntings, Crows, &c. The greater
part of the Conirostres are omnivorous, eating anything which may
come in their way; but some are granivorous, subsisting upon grains
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and seeds. To this section belong the (Hornbills) Buceride, the
Starlings (Sturnide), the Crows, Jays, and Magpies (Corvide),
the Crossbills (Loatade), and the numerous Finches and L:u'ks\
(Fringillide).

9. Dentirostres.—The Birds of this section are characterised by the
fact that the upper mandible of the beak is notched or toothed on
its lower margin near the tip (fig. 217, B). They all feed upon ani-
mal food, especially upon insects. In this section are the Shrikes
(Laniidee), the Fly-catchers (Muscicapide), the Thrushes (Merulide),
and the Warblers (Sylviade).

*3. Tenuirostres—In this section the beak is long and slender,
gradually tapering to a point (fig. 217, A). The toes are generally
very long and slender, especially the hinder toe. The Humming, <
birds feed upon the wing, and amongst these are some of the mos/
fragile and brightly coloured of all the Birds. Others, however,
live upon insects, which they catch upon the ground or on the trunks
of trees, and some of these approach nearly to the Dentirostres in
many of their characters. Amongst the more important groups
included in this section ave the Creepers (Certhide), the Honey-
eaters (Meliphagide), the Humming-birds (Zrockilide), and the
Hoopoes (Upupide).

4. Fissirostres—The beak in the Fissirostral Perchers (fig. 217, C)
is generally short, and remarkably wide in its gape, and the opening
of the bill is protected by a number of bristles. This arrangement
is in accordance with the habits of the Fissirostres, the typical forms
of which live upon insects and take their prey upon the wing. The
most typical Fissirostres, in fact, such as the Swallows and Goat-
suckers, fly about with their mouths open, and the insects which
they catch in this way are prevented from escaping, partly from the
bristles which border the gape, and partly by a sticky secretion
within the mouth. The most typical Fissirostral Birds are the -,
Swallows and Martins (Hirundinide), the Goat-suckers (Caprimul- )
gide), and the Swifts (Cypselidee); but to these the Bee-eaters (Mero- |
pide) and the King-fishers are usually added.

£

ORDER VI. RAPTORES, I

’

The Birds of Prey are characterised by the form of the beak, which |
is adapted for tearing animal food (fig. 218, B). The upper mandi-
ble is the longest, hooked at its point, strong, curved, shm'p—edged:
and sharp-pointed, often armed with a lateral tooth (Owen). The
body is extremely muscular ; the legs are robust, short, with three
toes in front and one behind ; all the toes armed with strong, curved,

crooked claws or talons (fig. 218, A). They all feed upon the flesh
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of other animals, which they either kill fgr themselves or find dead,
and their flight is generally extremely rapid and powerful. They
are not polygamous, and the female is larger than the male. They
usually build their nest in lofty and inaccessible situations, and sel-
dom lay more than four eggs. The young are Jhatched in a naked
and helpless condition.

: The Raptores are divided into two sections—the N octurnal Birds

Fig. 218.—Raptoves. A, Foot of Peregrine Falcon: B, Head of Buzzard.

of Prey, which hunt at night, and the Diurnal Birds of Prey, which

, hunt by day. In the former section is only the single family of the
" Owls (Strigidee), in which the eyes are large, and ave directed for-
wards (fig. 219), whilst the plumage is exceedingly soft and loose, so

as to render their flight almost noiseless. The Owls, for the most
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Fig. 210.—A, Foot of Tawny Owl; B, Head of White Owl.

p.:u't, hunt their prey in the twilight or on moonlight nights, and they

!lve mostly upon field-mice and small birds, but they will also eat

ansects and frogs. In the section of the diurnal Raptores are the

: aleons and Hawks, the Eagles and the Vultures. . In all'these the

{es are s._maller than in the Owls, and are placed laterally, and the

Plumage is not soft. They usually possess extraordinary powers of
U
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flight. The wings are long and pointed, the sternal keel is greatly
developed, the pectoral muscles arve of large size, and many of them

exhibit powers of locomotion more rapid than those enjoyed by any.

other members of the animal kingdom.

SUB-CLASS III. ODONTORNITHES.
OrDER I. SAURURZE.

This order includes only the single extinet Bird, the drcheopterya,
which has been found in the Oolitic rocks of Germany. The A7rcle-
opteryx was about as big as a common Rook, and shows many singular
points of resemblance to the true Reptiles. It differs from all living
birds in having two free claws to the wing, and in possessing a long
lizard-like tail. TInstead of the ploughshare-shaped bone which tex!

Fig. 220.—Archropteryx. Tail and detached bones.

minates the tail in living birds (fig. 204, B), the tail in Archaoptery,
(fig. 220) is very long, and consists of about twenty distinct ﬂ;l(] Ji
separate vertebre, each of which supports a pair of quill-featheyg \
The tail, therefore, except for the presence of feathers, must have.
been very like that of a Reptile. As in all the Birds of this suh
class, the jaws were furnished with conical pointed teeth,

OrDER II. ODONTOLCAE.

This order comprises only a single extinct Bird, the extraordinary
Hesperornis regalis of the Cretaceous rocks of North America, for
the discovery and description of which science is indebted to Pro-

v
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fessor Marsh. In this Bird (fig. 221) we have a gigantic diving-
bird, standing some five feet in height, but with the wings quite
rudimentary, so that the power of flight was entirely absent. The
tail was not elongated, as it is in Arehwopteryx, but consists of about
twelve vertebrse, of which the last three or four are amalgamated

Fig. 221.—Skeleton of Hesperornis regalis, restoved.  (Agter Marsh.)
About one-tenth of the natural size,

o form a single mass. The bodies of the vertebyae have the form
sual among Birds. The jaws are furnished with numerous conical
recurved zeeth, sunk in a deep continuous groove. The metacarpal
bones are wanting, and the sternum is destitute of a keel.

OrpER III. ODONTOTORME.

This order comprises only some- singular fossil Birds from the
Cretaceous rocks of North America, of which the genus Zekthyornis
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is the type. In Jekthyorais, as in Hesperornis, the jaws ave fur-
nished with numerous conical teeth, but those are sunk in dis-

tinct sockets, The wings are well developed, and the bird must..

have possessed considerable powers of flight. The sternum has a
keel, and the metacarpal bones are anchylosed with one another,
Lastly, there is the extraordinary character that #he bodies of the
vertebre weve biconcave, and in this respect resemble the vertebra
of most fishes and of many Amphibians and Reptiles. The size of
Ichthyornis dispar, the only known species of the genus, seems to
have been about equal to that of a Pigeon. :

e
| [—
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MAMMALTA.
CHAPTER XXX,
f CLASS V. MAMMALIA.

7 Tue Manunalia include all the ordinary Quadrupeds, and may be
shortly defined as comprising Vertebrate Animals in which some
part or other of the skin is always provided with hairs, and the young
are nowrished for « longer or shorter time by means of « special fluid—
the mill—secreted by special glands—the mammary glands. These two
peculiarities ave of themselves sufficient to separate the Mammals
from all other classes of the Vertebrate sub-kingdom. In addition,
however, to these two leading characteristics, the following points
are of scarcely less importance :—

1. The skull is united with the spinal column by means of Zwo
articulating surfaces or condyles, instead of one, as in the Reptiles
and Birds.

9, The lower jaw consists of two halves, each composed of a
single piece, and united in front. The lower jaw, also, is always
jointed divectly to the skull, and there is no quadrate bone.

3. The heart consists—as in Birds—of four distinct chambers,
two auricles and two ventricles. The right and left sides of the
heayt ave completely separated from one another, and there is never

* any direct communication between the blood sent to the lungs and

_that sent to the body. The red corpuscles of the blood (fig. 163, @),
‘are, in the great majority of cases, in the form of circular discs, and
‘hey never contain any internal solid particle or nucleus.

4. The cavities of the chest (thorax) and abdomen are separated
from one another by a muscular partition, which is called the mid-
riff or diaphragm, and is the chief agent in respiration.

5. The respiratory organs are in the form of two lungs, placed in

* the chest, and never communicating with air-receptacles situated in
different parts of the body. In no case and at no peviod of life are
gills or branchie present.
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As regards the skeletow of the Mammalia, it is not necessary to
add much to what was said in speaking of the Vertebrata generally.
With few exceptions, the spinal column is divisible into the same
regions as in man—namely, the neck or cervical region, the bLack
or dorsal region, the loins or lumbar region, the sacral region, and
the tail or caudal region (see fig. 159). In spite of the great differ-
ences observable in the length of the neck in different Mammals,
the number of vertebrse which form the cervical region is extra.
ordinarily constant, being almost invariably sezen. In this res-
pect the Giraffe, which is the longest-necked of Mammals, agrees
with the Whale, which can hardly be said to have a neck at al),
The vertebre of the back or dorsal region are mostly thirteen in
number, but are often more. In man there ave only twelve; ang
in some cases there are only eleven or ten. The lumbar vertelyud
ave usually six or seven in number ; five in Man ; rarely less t.h:u;
four. The sacral vertebre are usually amalgamated to form , '\
single bone—the sacrum—but this is wanting in the Whales. The
number of vertebrz in the tail or caudal region varies from fouy
to as many as five-and-forty, and they are usually freely movable
upon one another. The thoracic cavity or chest in Mammals jg
always enclosed by a series of ribs; the number of which varieg
with the number of the dorsal vertebree. As a rule, the vibs aye
. united to the breast-bone or sternum in front, not by hony pieces
as in birds, but by cartilages. Only the front ribs reach the ster-’
num, and these are called the “true ¥ ribs; the hinder yilyg fall
short of the breast-bone, and are called the “false” ribs. T} st;r-
num is composed of several pieces, placed one behind the othey. but
usually amalgamated to form a single bone. 1t is usually 10,,,,.’ and
narrow in shape, and is only rarely furnished with any ﬁli"ge v
keel, as it is in Birds. The regular number of limbs in the Mam .
mals is four, two anterior and two posterior; and for this l'easm\ A\
the Mammals are often spoken of as Quadrupeds. Some Mammg) ¥ e)
howe\'ex", such as the Whales and Dolphins, have only the ante 3
limbs, and many of the Amphibia and Reptiles walk upon foyy
As regards the structure of the fore-limbs (fig. 160), the Zeney.
conformation of the limb has been previously noted. The ehoulq a ;
blade or scapula is never wanting, and is generally broad ang ﬂ(::
The coracoid bones, which form such a marked feature in the petf. \
toral arch of the Birds, are incomplete, and are fused with -th;,
scapule, of which they form the so-called *“coracoid process” I
the Monotrematous Mammals alone ave the coracoids distinct honeg
sufficiently developed to articulate with the sternum. The collay.
bones or clavicles are often rudimentary or absent, and, when pres-
ent, are never united into a single bone. The humerus presents

=)
l'l()l.
legs. o)

.
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nothing special ; and the radius and ulng are usually present in the
fore-arm, though they may be fused with one another, or the ulna

may be wanting.

» Fig. 099 A, Fore-leg of Ox (Bos tauris). B,
Hind-leg of Stag (Cervus elaphus). ca, Carpus;
ta Tarsus; ¢ *‘ Canon-bone," composed of the
united metacarpals or metatarsals of the third
and fourth digits.

Fig. 223, —Fore-leg of Horse.

ce Carpus ; m Metacarpal
of the third digit ; s *“Splint-
bone,"” or rudimentary met-
acarpal ; 1, First phalanx
or ‘“great pastern"; 2,
Second phalanx or “small
pastern; 8, Third phalanx
or ‘‘ coflin-bone.”

The fore-arm is succeeded by the small bones which compose the
wrist or “carpus.” These are eight in number in Man, but vary in

different Mammals from five to eleven.

The metacarpus in Man and in most Mammals consists of five

*
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cylindrical bones, articulating proximally with the carpus, and
distally with the phalanges of the fingers. The most remarkable

modification of this normal state of things occurs in the Ruminants

and in the Horse. In the Ruminants (fig. 222, A and B), in which
the foot is cleft, and consists of two perfect toes only, there are two
metacarpal bones in the embryo; but these are anchylosed together
in the adult, and form a single mass which is known as the “ canon-
bone” (fig. 222, ¢). In the Horse (fig. 223), in which the foot con-
sists of no more than a single digit, there is only a single meta-
carpal bone, on each side of which are two little bony spines—
the so-called “splint-bones "—which are attached superiorly to the
carpus, and are to be regarded as rudimentary metacarpals.

The normal number of digits is five, but they vary from one.to

five. The middle finger is the longest, and most persistent of the|

digits of the fore-limb ; and in the Horse it is the only one which!

is left (fig. 223). The thumb is very frequently absent. In the °

Ruminants there are only two fingers which are functionally useful,
these carrying the hoofs. Normally, each digit is composed of three
short bones or phalanges, the innermost digit (the thumb) having
two. The extremity of the digit is usually protected by a mnail,
claw, or hoof.

While the fore-limbs® are never wanting, the hind-limbs are
absent in the so-called *Mutilated Mammals” (namely, the Ceta-
ceans and Sirenians). The bones of the hind-limb correspond
with those of the fore-limb ; and the foot (pes) corresponds with
the hand (manus), consisting normally of five digits, but subject
to the same abortion of parts as occurs in the case of the anterior
limb.

Teeth ave present in the great majority of Mammals; but they

are only present in the embryo of the whalebone Whales, and are -

entirely absent in the genera ZLeckidna, Manis, and 4][;yi~)ire007)/ztzg/((,
In the Duck-mole (Oraithorkynchus) the so-called teeth are horny
and the same was the case in the extinet Zkytina amongst t];(:
Sirenia.  In all other Mammals the teeth have their ordingy,
structure of dentine, enamel, and crusta petrosa, these elementg
being variously disposed in different cases, and the enamel being .
casionally wanting. In no Mammals are the teeth ever anchylosed
with the jaw; and in all, the teeth are implanted into distinet
sockets or alveoli, which, however, are very imperfect in some of
the Cetacea.

Many Mammals have only a. single set of teeth throughout life,
and these arve termed by Owen “monophyodont.” Tn most cases,
however, the first set of teeth—called the “milk” or ¢ deciduous”
teeth—is veplaced in the course of growth by a second set of
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“permanent” teeth. The deciduous andspermanent sets of teeth
do not necessarily correspond to one another ; but no Mammal has
ever more than these two sets. The Mammals with two sets of
teeth are called by Owen “diphyodont.”

In Man.and many other Mammals the teeth are divisible into
four distinet groups (fig. 224), which differ from one another in
position, appearance, and function ; and which are known respec-
tively as the ineisors, canines, premolars, and wolars.

“MThose teeth which are implanted in the prazmaxillary bones, and in the
corresponding part of the lower jaw, are called ®incisors,” whatever be their
shape or size. The tooth in the maxillary bone which is situated at or near
to the suture with the premaxillary, is the ¢ canine,’ as is also that tooth in
the lower jaw which, in opposing it, passes in front of its crown when the
mouth is closed. The other teeth of the first set are the ¢ deciduous molars ' ;
the teeth which displace and suceceed them vertically are the ¢ priemolars '

Fig. 224.—Teeth of the right side of the lower jaw of the Chimpanzee (after Owen).
i Incisors ; ¢ Canine tooth ; pm Praeemolars; m Molars,

| the more posterior teeth, which are not displaced by vertical successors, are
g)"’ “molars’ properly so called” (Owen). The deciduous dentition, therefore,
& diphyodont Mammal consists of only three kinds of teeth—incisors,
Clines and molars. The incisor and canine teeth of the deciduous set are
‘El"l)l!lcc(l by the teeth which bear the same names in the permanent set. The
(eciduous ““molars,” lowever, are replaced by the permanent “ preemolars,”
and the ““molars ” of the permanent set of teeth are not represented in the
deciduons series, only existing once, and not being replaced by successors.

All these kinds of teeth are not necessarily present, and the teeth
furnish most important characters for separating the various orders
of Mammals from one another. For this reason it is usual to
express the number of the teeth in any particular animal by an
arithmetical formula, called the dental formula. For example, the
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formula for the portion ¢f the jaw of the Chimpanzee ficured above
(fig. 224) would be as follows :— ‘

22; ¢l; pm2; m3.

But this is only one half of the lower jaw, and the dental formuly
must include both sides, so that it would be :—

12—2; ¢1—1; pm2—2; m 3—3.

That this would be the formula is at once evident, when it is
remembered that the two sides of the jaw of course contain exactly
the same teeth. Still, the formula as given above only includes the
lower jaw, and to render it perfect it must take in the teeth of the
upper jaw as well. This is effected by placing the figures in two
rows separated by short lines, all the figures in the upper row
referring to the upper jaw, and those in the lower row to the lowér
jaw ; the short dashes between the figures of each row still indy:
cating the teeth on the two sides of the mouth, The complete
formula would therefore run as follows :(—

L;Z—; ; ¢ iE} 5 pm i:g ;oM 3=3 = 30
In this way the dentition—that is to say, the number and mrange-
ment of the teeth—can be presented in a manner which can ci)e
instantly recognised by the eye. It must be remembered, however:
that the formula seldom exhibits the regularity of the one of thé
Chimpanzee given above. The teeth are not necessarily the same
ini both jaws, and in many cases some may be altogether wanting.
To show this there is subjoined the dental formula of a typic:l

Ruminant animal, such as a sheep :—

e g m g de

both jaws taken together. The upper incisors and canines
wanting, and there are three preemolars and three molars on encha
side of the upper jaw. In the lower jaw there are six i“(-'is;)l(:.‘
two canines, and the same number of preemolars and molars e _“l )
the upper jaw. b i

As regards the digestive system of Mammals, the nlimeti'&u:y !
canal and digestive glands have on the whole the same general
structure and arrangement as in man (pp. 223, 224). Some very
remarkable modifications, however, in the structure of the stomach
and in the termination of the intestine, occur in certain Mammals ;
but these will be noticed in speaking of the orders in which they
oceur.

are ,}

From this formula it will be seen that the sheep has 32 teeth j), //
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The cavity of the abdomen in Mammalsais always separated from
that of the thorax by a complete muscular partition—the diaphragm.
The abdomen contains the greater part of the alimentary canal, the
liver, pancreas, kidneys, and other organs.. The thorax contains
chiefly the heart and lungs. The Zeart is contained in a membranous
sac—the pericardinm—and consists of two auricles and two ven-
tricles. The heart consists functionally of two sides, each having
an auricle and a ventricle, which
communicate with one another by
apertures, so guarded by valves
that the blood can pass from the
auricle into the ventricle, but not,
under ordinary circumstances, from
the ventricle to the auricle. There
i3 in the adult no direct communi-

’ cation between the two sides of the
heart. The course of the circula-
tion is indicated in the subjoined

follows : The venous blood, which
has become impure by passing
through the tissues, is returned by
the great veins to the r7ight auricle,
from which it passes into the right
ventricle. From here it is driven
through a great vessel, called the
pulmonary artery, to the lungs,
where it is submitted to the action Fig. 225.—Diagram of the circulation
of the air. and becomes arterial in a Mammal. (The cavities contain-
blood, I 2 1 et ad ot ing venous blood are marked black,
ood. t1s t.lell TeLurned o i those containing arterial blood are
heart by a series of vessels called left white) o Right auricle; v
. the pulmonary veins, and is poured ~ Right ventricle ; {’IP“:“;O":"'." l‘"ti‘f)’
] ]nt % G b . . carrying venous blooc o the lungs ;
M o t’h_e lc.ﬁ aur wler fx 0’}1 which it pv Pulmonary veins carrying arterial
Passes into the left ventricle. From  blood from the lungs; o’ Left auricle;
\tllle left ventricle it is propelled to ¥ tLt‘ft ventricle; b Aorta cnﬂ‘}‘i"g
all o 3 i arterial blood ;to the body; ¢ Vena
o lnx_t;s of the b.Od} _by a gt eab cava, carrying venous blood to the
fystemie vessel, which is called the  neart.
aorta.

The lungs of Mammals are two in number, and differ from those
.of Birds in being freely suspended in membranous bags. They are
spongy and cellular throughout, and they never communicate by
apertures on their surface with air-sacs placed in different parts of
the body.

The nervous system of Mammals is chiefly remarkable for the
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great proportionate development of the brain, as compared with
the spinal cord.

In the higher Mammals, also, the two halves (hemispheres) of the
greater brain (cerebrum) are connected together by a great band or
bridge of nervous tissue, constituting what is known as the corpus €
callosum. This structure is not a conspicuous feature in the two
lowest orders of the Mammalia. The senses, as a rule, attain great
perfection in the Mammals ; and the only sense which can ever be
said to be entirely wanting is that of sight. Eyes, however, are
always present, though they may be rudimentary; and in those
Mammals which are said to be “blind,” it is not generally that the !
eyes are wanting, but that the skin passes unbrokenly over the
eyeball. Even in these cases, however, it is not impossible that
there may be some perception of light through the skin. An extey-
nal ear for collecting sounds is usually present ; but it is wanting 1
the Whales and Dolphins, and in some of the Seals. -

The skin is invariably furnished over a greater or less part of its |y
surface with the epidermic appendages known as Aairs, which differ //
from feathers chiefly in not splitting up as they are produced. In
the Scaly Ant-eater (Manis), the hairs are aggregated together so as
to form horny scales ; and in the Hedgehog, Porcupine, and other
animals, many of the hairs are developed into long spines or
prickles. In the Armadillos, again, the skin is more or less covered
by an armour of bony plates. The only apparent exception to the \
universal presence of hair on some part or other of the integument ;
of all Mammals is constituted by the true Cetaceans (Whales and
Dolphins), many of which are without hair when grown up. Some,
however, such as the Whales, have a few bristles in the neighbour-" ‘
hood of the mouth even when adult. And the Dolphins, which are
totally hairless when grown up, exhibit tufts of hair upon the-.
muzzle before they are born.

With the exception of the singular Monotremes, which are noy !
known to be o.vipzu'c?ns, all Mammal§ produce their young alive, and
the young animal is always born in a lhelpless condition, ang 's&‘l'

: i
nourished for a longer or shorter time by means of the milk of t},)

mother. The milk is secreted by special organs, called the ;b
mary glands, which ave present in both sexes, but are normally w :I\
developed in the male. The number and position of the mammie
vary a good deal in different cases, but they are always placed on
the lower surface of the body, and their ducts almost always open
upon a special eminence, called the teat or nipple. In the Mono-
tremes, however, the mammary glands open by simple slits in the
skin of the abdomen, and not by distinct nipples, In ordinary
Mammals the milk is obtained by voluntary suction on the part of

[
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the young, but in the Marsupials (Kangayoos, Opossums, &c.) the
milk is foreed into the mouth of the young animal by the action of
a special muscle.

It will be sufficient for our present purpose to divide the JMai-

¥ malia, in accordance with the way in which the young are developed,
into three primary sections—viz., the Placental Mammals, the Non-

Mammals, not only are the young brought forth alive, but they are

} placental Mammals, and the Oviparous Mammals. In the Placental

\ nourished within the body of the mother by means of a structure
| called the placenta, through which the nutrient materials of the
* mother's blood reach the young. In consequence of this, the young
| of the Placental Mammals can be retained within the body for a

considerable period, and when born, they are able to obtain their
natural food—the milk—Dby their own exertions. This section in-
cludes all the higher groups of Mammals. In the Non-placental

| ~ Mammals, on the other hand, the young are born alive, but at an
i @ extremely early period of their development, before there is any
| | necessity that a placenta should be formed for the nourishment of
the feetus. In these cases, therefore, the young, when born, are
much more immature and helpless than in the case of the Placental
Mammals. So helpless are they, that they are even unable to suck,
and have in most cases to be fixed by the mother herself upon the
. teats, whilst the milk is forced into their mouths by a muscle which

y
\

is spread over the mammary gland. This section includes only the
Marsupials or Pouched Mammals. Lastly, in the Oviparous Mam-
mals, the young are not born alive but are produced as eggs, as in
the Birds and Reptiles. The young, however, are liberated from the
; egg at a very early period of their development, and are then

nourished by the milk of the mother. This section includes only the

Monotrematous Mammals—viz., the Duck-mole (Ornithorkynchus)
. And the Spiny Ant-eater (Zchidna).

Adopting the above primary sections as practically sufficient in

: ' elementary work, the whole class of the Mammalia may be
VVided into the following fourteen orders:—

Division A.—OVIPAROUS MAMMALS,
Order 1.—Monotremata.

Divisioy B.—NON-PLACENTAL MAMMALS.
Order 2.—Marsupialia.

Divisioy (.—PLACENTAL MAMMALS.

Ovder 3.—Edentata,
Order 4.—Sirenia.
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Order 5.—Cetacea.
Ovder 6.— Ungulata.
Order 7.—Dinocerata.
Order 8.—T%llodontia.
Order 9.— Zoxodontia.
Order 10.—Hyracoidea.
Order 11.—Proboscidea.
Order 12.—Carnivora.
Oxder 13.—Rodentia.
Order 14.—Cheiroptera.
Order 15.—Znsectivora.

Order 16.—Quadrumana.

Order 17.—Bimana.

~

!
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CHAPTER XXXI.
ORDERS OF MAMMALTIA.
ORDER I. MONOTREMATA.

Tug order of the Monotremes comprises only two very remarkable

_ genera of Mammals—namely, Orithorhynchus (the Duck-moles),

and Zehidne (the Spiny Ant-eaters), which are characterised by the
singular combination in their structure of Reptilian or Avian pecu-
liavities with features of a purely Mammalian type. That they are
genuine Mammals is shown by their possession of hair, by the pres-
ence of mammary glands, by the nature of their red blood-corpuscles,
by the structure of the lower jaw, and by the fact that the skull
articulates with the vertebral column by two occipital condyles. On
the other hand, they resemble the Reptiles or Birds, or both, as
regards the termination of the intestine in a cloaca, the structure of
the pectoral arch, and the want of true teeth, and in the still more
important fact—but lately clearly established—that they produce
their young in the form of eggs. ¥

As regards their more important characters, the Monotremata are
distinguished as follows :—

The alimentary canal terminates, as in Birds and Reptiles, in a

“dilaeq « cloaca,” which not only receives the termination of the

Miestine, but also the ducts of the urinary and reproductive organs.

' skull has the Dhones so amalgamated in the adult that the
’?aJol‘ity of the sutures are obliterated, as occurs also in Birds.

N€re are no true teeth ; but in Oraithorhynchus the jaws carry
horny plates (fig. 226, B and C), which act as teeth. The pectoral
arch, which supports the fore - limbs, resembles that of Birds in
several respects, but especially in the fact that the coracoid bones
are distinet, and are not amalgamated with the shoulder-blade.
There is no complete pouch developed on the abdomen of the females,
but there are the so-called marsupial bones.” These are two small
bones which arise from the front of the pelvis. They are really to
be regarded as formed by a conversion into bone of the tendons of

]



one of the muscles of the abdomen. There are no external ears.
The mammary glands have no nipples, but open either on a flat sur-
face (Oraithorkynchus), or into a small “mammary pouch” (Lehidna),
It has recently been shown by My Caldwell that the Monotremes are T

\
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not viviparous, as all other Mammals ave, but that they resemble 3
the Reptiles and Birds in being oviparous. The Duck-mole lays two g |
eggs—about three-quarters of an inch in length—which it deposits } |
in the burrow in which it lives ; and the Zehidna lays one such egg, | "||
which it is stated to place in the small pouch of skin surrounding the {|
openings of the mammary glands, Recent observations also show "
that the Monotremes furthey yesemble the Reptiles in the fact that

paradozus, and C, lower jaw of the same viewed from above, showing the horne
dental plates (m). ¢ » g the horny \’

/

the temperature of the body is much below that of the renmim',l,./{
types of the Mammals, ;( /
m

2
rlynchus) s found exclusively in Australia inhabiting streams an b
ponds, in the banks of which it constructs burrows forty or fifty f )
in length. The body is like that of a small Otter, covered \;'itlex ¥
short brown fur, and having a broad flattened tail (fig. 227). Th
jaws have no teeth, but carry horny plates, which officiate as teeth
(fig. 226, B and C). The margins of the jaw ave also sheathed in '
horn, forming a kind of flattened beak, very like that of a Duck
(fig. 227). Hence the name of “Duck-billed Animal ? sometimes

'\
given to the Ornithorhynchus. The feet are webbed, and the males I

Fig. 226.—A, Skull of Echidna hystriz. B, Side view of the skull of Ornithorhynchus ﬁ
||

Of the two living genery of Monotremes, the Duck-mole ( Ornit},

-
e !

<
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have a spur on the hind-legs. The only known species is the Orat-
thorkynclus paradozus. :

The other genus of Monotremes comprises the Spiny Ant-eaters
(Belidna or Tachyglossus), which are not unlike large hedgehogs in
appearance, The snout is very long, and is enclosed in a continuous
skin till close upon its extremity, where there is a small aperture for
the protrusion of a long and flexible tongue. There are no teeth, or
any organs to act as teeth. The feet have five toes each, and are

Fig. 227.—Monotremata. Ornithorhynchus paradorus, Australia.

furnished with strong digging-claws, but the toes are not webbed.
The skin is covered with strong prickly spines interspersed with
bristly hair. The common Australian species (Zchidna hystrix)
measures from fifteen to eighteen inches in length, and is a noc-
turnal animal. It lives in burrows, and feeds upon insects, which it
captures by protruding its long stickytongue. Another species is
found in Tasmania; and two species are known to occur in New
Guinea.
X
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OrDER II. MARSUPIALIA.

The name of Marsupials is derived from the fact that the females

of this order are furnished with an abdominal pouch or marsupium
(sometimes very imperfect), within which the nipples are situated.
‘When born, the young are placed by the mother within this pouch,
where they adhere to the teats, and can be carried about without
injury. Even when further advanced, the young often betake them-
selves to the shelter of the marsupium. No placenta is present, and
the young when born are therefore in a very imperfectly developed
state. The so-called “marsupial hones” (fig. 228) are present, and
as they spring from the front of the
pelvis they ‘no doubt serve to support,
the pouch; but this cannot be their|
sole use, as they exist in the males, and
also in the Montremes, in whom there is
no pouch. All Marsupials possess teeth,
and the pectogal arch has now the same
form as in the higher Mammals, the
coracoid bones being now amalgamated
with the shoulder-blade. The cranial
bones are distinct. The intestine does
‘not terminate in a cloaca.

Though the Marsupialic form an ex-
tremely natural order, sharply separated
from the other Mammals, they include a
large number of varied forms. In fact,
this order, from its being the almost ex-
clusive possessor of a continent so large .
e R as Australia, has to discharge, in 'the

e AT meiné n": gen'eml economy of nature, functiong

“marsupial bones” (m)—after Which are elsewhere performed by sey.

Owen. eral orders. As regards their geograph.-
*ical distribution, with the single excey,.

tion of the family Didelplide (the true Opossums), the whole ordey
of the Marsupials is exclusively confined to Australia, Van Diemen’
Land, New Guinea, and the adjacent islands. :

The Marsupials may be primarily divided into the vegetable-eating '
and the rapacious or carnivorous forms—the former characterised by
the absence or rudimentary condition of the canine teeth, the molars
having broad, grinding crowns ; whilst in the latter there are well-
developed canines, and the molars are not adapted for grinding. Of
the vegetable-eating forms, the best known are the Kangaroos (Mac-

a

i

!

|}
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ropodidee), distinguished by the remarka’sle disproportion between
the hind and fore limbs, the former being by far the longest and
strongest. By their long hind-legs, assisted by a powerful tail, the
Kangaroos can perform astonishing jumps, and, in fact, leaping is
their mode of progression when pursued. -
The typical Kangaroos live on the great grassy plains of Australia;
but the Tree Kangaroos spend a great part of their time in trees,
and the Rock Kangaroos affect mountainous districts. The Kan-
garoo-bear or Native Sloth (Plhascolarctos cinereus), has no tail, and
has the body covered with a short, dense fur, whilst the ears are
tufted. The fore-feet can be used as hands, and the toes are all

Fig. 220.—The female of Didelphys dorsigera, one of the South American Opossuns,
carrying its young upon its back.

fumighed with strong curved claws. It is a harmless nocturnal

Y Mimg], and spends most of its existence in trees, The typical
8toup, however, of the vegetable-eating Marsupials is that of the
! hal:mgers, comprising a large number of small animals which live
1 trees, and generally possess a prehensile tail. The most familiar
eXample is the Australian “Opossum ” (Phalangista vulpina), which
is largely hunted by the natives. In the so-called “flying” Phalan-
gers, again, the tail is not prehensile, and the animal takes extensive
leaps from tree to tree, by means of a fold of skin which stretches
between the body and the fore and hind limbs.

Of the carnivorous Marsupials, the Bandicoots (Perameles), the
Native Devil (Dasywrus), the Native Tiger (Zhylacinus), and the

2
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American Opossums (Didclphide), may be mentioned. The Bandi-
coots are little, rabbit-like Australian animals, which live upon
insects, and seem to fill the place held in the Old World by the-
Hedgehogs and the Shrew-mice. The species of Dasywrus, though
of .small size, are very ferocious ; and the Thylacine grows to the
size of a shepherd’s dog, and is quite capable of destroying animals
as big as sheep. About twenty species of Didelphidee are known,
and they are all exclusively confined to the American continent.
They are all of small size, have prehensile tails, and mostly live
among trees. The best-known species is the Virginian Opossum
(Didelphys Virginiana). Another species of Opossum, the Didelphys
dorsigera (fig. 229), carries its young about on its back, the young
clinging to the mother by twining their prehensile tails round hers.

OrpeEr III. EpDENTATA OR BRUTA. \ ‘

dillos, and Sloths, and is characterised by the fact that the teeth ave

This order of Placental Mammals comprises the Ant-eaters, Arma- )/
]
not covered with enamel, haye no complete roots, and are never re- [

Fig. 230.—A, Side-view of the skull of Bradypus cuculliger ; B, Side-view of the skull
of Dasypus gigas. (Aficr Giebel.)

placed by a second set. As a rule, the teeth (fig. 230) are simple
cylinders, placed at a little distance from each other. Further, in
none of the Edentates are there any central incisor teeth, and in all
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but one there are no incisors at all. In éwo genera only are there
no teeth ; so that the name ZEdentata is not a very appropriate one.
In all, the toes are furnished with long and powerful clayws.

The order Edentata is conveniently divided into two great sec-
tions, in accordance with the nature of the food, the one section
being herbivorous, the other insectivorous. In the former section
is the single group of the Sloths (Bradypodide). In the latter are
the two groups of the Armadillos (Dasypodidez) and the vavious
species of Ant-eaters.

The Sloths (Bradypodide) are exclusively confined to South
America, inhabiting the vast primeval forests of this continent.

_,k':\n >

— %
CBERUEAU . pEL ——n=

—

Fig. 231.—Tf1c Three-banded Armadillo (Tolypeutes conurus), one-third of the ©
natural size. (After Murie.)

‘ They are in every way adapted for an arboreal life, and are “des-
tined to be produced, to live, and to die on trees.” They are very
1awkward when upon the ground ; but the feet are furnished with
extremely long curved claws, so that the animal is enabled to move
about freely suspended back downwards from the branches of the
trees.

The second family of the Edentata is that of the Dasypodide or
Armadillos. - These are also found exclusively in South America,
but they are very different in their habits. The Armadillos (fig.
231) are burrowing animals, furnished with strong digging-claws

o
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and well-developed collzn-bones.  The jaws are provided with
numerous simple molars (fig. 230, B), which attain the enormous
number of nearly one hundred in the Great Armadillo (Dasypus :

gigas). The upper surface of the hody is covered with a coat of = 1
\

mail, formed of hard bony plates or shields united at their edges, £
A portion of this armour covers the head and shoulders, and an- / |
other portion protects the hind-quarters ; whilst between these is ¢ A
generally a variable number of movable bands which run trans- (

versely across the body and give the necessary flexibility to this
singular integumentary skeleton. Tp pest s
is so great that the animal can roll jtge]f yp like 2 hedgehog.

The remaining South American Eqentates ave the Hairy Ant-
eaters, of which the best known is the (ireat Ant-eater (Myrmeco- ! ‘

pecies this flexibility

Fig 932, —Manis pentadactyla, one of the Scaly Ant-eaters or Pangolins,
showing the armour of horny plates. ”

phaga jubata). The body in this family is covered with hair, the i
tail is long, and the teeth are altogether wanting. They fegq ‘
chiefly upon ants and termites, which they catch by protruding I
their long and sticky tongues, having previously broken into the | !
nest by means of their strong curved claws.

The FEdentata ave represented in the Old World by only ty, "
genera. Onme of these is the genus Manis, comprising the Scaly |
Ant-eaters or Pangolins, which are exclusively confined to Asia anq |
Africa. In these singular animals (fig. 232) the body and tail are ’I
covered by a flexible armour, composed of horny plates or scales ﬂ
overlapping like the tiles of a roof. The other genus is Orycteropus,
comprising only the so-called Ground Hog of South Africa; which
also lives upon insects, and burrows by means of its strong digging-

claws,
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As regards the geographical distribution of the Edentata, it is
to be remembered that the order has a very limited range at the
present day. The true Ant-eaters, the Armadillos, and the Sloths,
are exclusively confined to South America, in which country a
group of gigantic extinet Edentates existed in the later portion of
the Tertiary epoch. The Scaly Ant-eaters are common to Asia and
Africa; and the Ground Hog is confined to South Africa.

ORrDER IV. SIRENIA.

This order comprises only certain large marine Mammals, known
as Dugongs and Manatees, which were long classed with the Whales
and Dolphins (Cetacea). They agree with the Whales in the adap-
tation of the body to an aquatic life, especially in the facts that the
anterior limbs arve converted into swimming-paddles (figs. 233, 234),

" the hind-limbs are wholly wanting, and the hinder end of the body

. o

Fig. 238.—A, Side-view of young Manatus Americanus. B, the same viewed
from above; n Nostrils. (After Murie.)

1

{forms a powerful caudal fin, which is placed so as to strike the
water horizontally, and not vertically as in Fishes. They differ
from the Cetacea in having the nostrils placed at the anterior part
of the head, and in having molar teeth with flat crowns, adapted for
a vegetable diet. Fleshy lips are present, the upper one usually
with a moustache, and the skin is covered with scanty bristles.
The head is not disproportionately large as compared with the

<
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body, and there is a tolesably distinct neck. They are vegetable-

eaters, feeding chiefly upon sea-weeds, and haunting the mouths

of rivers and estuaries, and sometimes ranging hundreds of miles

inland. - N
The only existing Sirenia are the Manatees (Manatus) and the 51

Dugongs (Halicore), often called “Sea-cows.” The Manatees (fig.

233) are found on the east coast of America and on the west coast

of Africa. They are large awkward animals, attaining a length of,

from eight to ten or fifteen feet, and their flesh is said to be very pal-

atable and wholesome. The Dugongs differ little in appearance and

habits from the Manatees. They are found on the coasts of the

Fig. 234.—Sirénia. Skeleton of the Manatee (Manatus Americanus).

Indian Ocean and the north coast of Australia, and are often killed
and eaten. They attain a length of from eighteen to twenty feet.
The bones of the skeleton are ‘remarkable for their extreme hard-
ness and density.

Besides these living forms, the Sirenia were represented by a
gigantic species which formerly inhabited Behring Island on the
coast of Kamtchatka. This animal was described by M. Steller
who accompanied Behring on his second expedition, and he namedq )
it Rhytina. This enormous animal attained a length of twenty-five
feet, and a circumference of twenty feet, and it appears to haye
been completely exterminated, no specimen having been seen fq, /
more than a century. |

J

OrDER V. CETACEA.

This order comprises the Whales, Dolphins, and Porpoises, and
it is characterised by the complete adaptation of its members to a
watery life. The body (fig. 235) is completely fish-like in form,
the fore-limbs are converted into swimming-paddles, and the hind-
limbs are completely wanting ; whilst the hinder end of the body
forms an extremely powerful, horizontal caudal fin. Sometimes

©
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there is a dorsal fin as well. The nostrils.may be single or double,
but always are placed on the top of the head, constituting the
“Blow-hole.” The body is very sparingly furnished with hairs, or is
wholly without them in the adult. The head is generally of dis-
proportionately large size as compared with the body, and is rarely
separable from the trunk by any distinet constriction or neck.
There is no sacrum ; the pelvis is only represented in a rudi-
mentary form ; and the hind-limbs are either wholly wanting, or
are present only as rudiments, concealed within the muscles.
Lastly, the adult is either wholly destitute of teeth, or possesses
only a single set, which are always conical in shape, and are never
divisible into distinct groups. All the true Cetacea ave caxnivorous,
living upon animal food.

Chief amongst the Cetaceans in importance and zoological interest

Fig. 285, —Spermaceti Whale (hyseter macrocephulus).

\ Are the Whalebone Whales (Balenide), in which the adult is desti-
Y tute of teeth, though the young Whale possesses teeth which never

l Cut the gum. The place of teeth is taken by a series of transverse
&Plates of whalebone or baleen, which are used as a kind of screening
Apparatus or filter to separate from the sea-water the minute Mol-
luses and J elly-fishes upon which these enormous animals live. The
most important member of this family, from a commercial point of
view,‘ is the Greenland Whale (Balena mysticetus), which yields
most of the whale-oil and whalebone of commerce. The Greenland
Whale attains a length of from forty to sixty feet, and of this enor-
mous length about a third is taken up by the head alone. The oil
is derived from a thick layer of fat or blubber,” which is situated

@
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under the skin, and serves to protect the body from cold. Though
an inhabitant of the sea, the Whale is obliged to come to the surface

to breathe, and in so doing it ejects from the blow-hole what looks

like a column of water, the whole operation being known to the
whalers as “blowing.” The true nature of this act is now hardly
questionable, and it appears certain that the apparent jet of water
is in reality, mainly if not entirely, due to the condensation of the
moisture which is contained in the air expelled from the lungs.
The old view was that “blowing” consisted in the Whale ejecting
through the nose the water which had previously been filtered
through the baleen-plates of the mouth ; but it appears to be quite
certain that this view, at any rate, is not the correct one. The
Rorquals or Finner Whales resemble the Greenland Whale in most
respects, but the skin is furrowed with deep plaits or foltls, and there
is a dorsal fin, placed on the back. Some of these attain a gigantic

Fig. 206.—Cetacea. The common Dolphin (Delphinus delphis).

size (eighty feet or mere), but they are seldom captured, as their
commercial value is small.

The Toothed Whales (Odontocet?) are best known by the Sperm
‘Whale (fig. 235), an animal as large or larger than the Greenlang
Whale, but distinguished by having numerous conical teeth, a single
blow-hole, and a curiously truncated head. Sperm Whales yie]q

[

an excellent oil, and the singular fatty substance which is knowy as '6‘_,

“gpermaceti.” They also yield the substance called “ambergyis» |
which is used as a perfume ; but this is probably a product of diSE«'ls-; /
The last family of the Cetacea needing mention is that of t]u:"
Delphinide, comprising the Dolphins (fig. 236) and Porpoises, - Thej; |
have numerous conical teeth in both jaws, and the nostrils open by
a single aperture on the top of the head. The Dolphins are mostly
inhabitants of the sea, but there are fresh-water forms which inhabit
the rivers of South America and Southern Asia. The Porpoises are
exclusively marine, and occur in all seas. The most remarkable of
the Delphinides is the Narwhal or Sea-unicorn, which is found in

o
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the Arctic seas, and which attains a length-of as much as fifteen feet
in the body alone. The chief peculiarity of the Narwhal is in the
(_lentition. The females, as a rule, have no front teeth, the upper
jaw alone having two rudimentary canines which never cut the gum.
In the males, however, whilst the lower jaw is without teeth, one
of the two canines of the upper jaw (the left one) is enormously
developed, and grows throughout the life of the animal. It forms
a tusk of from eight to ten feet in length, the whole surface of
which is spirally twisted. The function of this extraordinary tooth

is doubtless offensive.

OrDER VI. UNGULATA.

L

This order is often spoken of as that of the Hoofed Quadrupeds,
and is one of the largest and most important of the orders of Mam-
malia. The order is characterised by having all the four limbs, and
by having that portion of the toe which touches the ground encased
in a greatly expanded nail or Zoof. There are never more than four
full-sized toes to each leg, and owing to the presence of hoofs the
limbs are useless for grasping, and are only of use in locomotion and
in supporting the weight of the body. There are always two sets
of teeth, and the molars have broad crowns adapted for grinding
vegetable substances. .

The Ungulata ave divided into two great primary sections, accord-

ing as the toes are even or odd in number :—

A. Perissodactyla, or Odd-toed Ungulates, in which the toes are
odd in number—either one or threet If horns are present, they are
not in padrs (in any living form).

B. Artiodactyla, or Even-toed Ungulates,
in number—either two or four; and if horns are presen
e pairs.

on which the toes are even
¢, they are

The

e the Rhinoceros, the Tapirs, and the Horse and its allies.
very

y “noceroses are extremely large and bulky brutes, having &
i ick and nearly hairless skin, usually thrown into deep folds. The
et (fig. 237, B) are furnished with three toes each, all encased in hoofs.

he hose (fig. 238) is furnished with one or two horns, composed of
longitudinal fibres compacted together, and not having any central
core of bone. When there is only one horn, it is, of course, unsyim-
metrical ; and when there are two, these are not paired, but (except

1 The fo?e-feet of the Tapirs are even-toed, but the hind-feet are perissodac-
tyle; and in some extinct types we find five toes to the foot.
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in some fossil forms) one, is always placed behind the other in the
middle line of the head, and the hinder one is much the shortest.
The various species of Rhinoceros are found in India, Java, Suma-

Fig. 237.—Feet of Ungulata. A, Fore-foot of Tapir (Tapirus Malayanus); B, Perisso-
dactyle fore-foot of Rhinoceros Swmatrensis; o, Artiodn'ctylc foot of Pig (Sug
serof). The figures indicate which of the normal five digits are present in each

foot. (After Flower.)

Fig. 238.—Head of two-horned Rhinoceros (R. bicornis).

tra, and Africa, inhabiting marshy places, and feeding chiefly on the

foliage of trees.
The Tapirs (Zapiride) have four toes to each of the fore-legs, but !

?
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- only three toes on the hind-legs, so that they are really odd-toed.

The nose forms a short movable proboscis, used in stripping off the
leaves of trees. They are large, clumsy, pig-like animals, which
inhabit South America, Sumatra, Borneo, and Malacca.

The third and last family of the living Perissodactyle Ungulates
is that of the Zguide, comprising the Horses, Asses, Zebras, and
Quaggas. In this family, so far as existing types are concerned, the
foot carries only a single toe (the third toe), which is furnished with
a broad hoof (fig. 223). Upon the end of this toe the animal walks,
and the Zguide are, therefore, often spoken of as “Solipedes.” The

second and fourth toes are present in a rudimentary form as little,

bony splints (the so-called “splint-bones”), hidden under the skin
(fig. 223) ; but in certain extinct types these lateral toes are more or

less developed, and carried hoofs, the foot thus becoming three-toed.
There is a continuous series of incisor teeth in both jaws, and in

~ the males canines are present. The dental formula is—

.3—3 1—1

;3—3. 1 3—3,, 33
3—3’ “im1

33’ ” = 40.

(or none) ; pm o

All the domestic varieties of Horses appear to be descended from
the single species Equus caballus, which seems to have been primi-
tively a native of Central Asia, in which country another species of
Horse has been recently discovered. When the American continent
was discovered, it certainly possessed no living horse, but the Horse
has now become completely naturalised there, and we know that
America formerly possessed about twenty species of Horses, all of
which are now extinct. In the genus dAsinus arve the Asses, Zebras,
and Quaggas. The Wild Asses are natives of Asia and North
Africa ; but it is not quite certain from what species the domestic
Ass is descended. The Zebras and Quaggas are exclusively African,
and aye distinguished by their beautifully striped and banded bodies.

" Section B, Artiodactyla.—The Even-toed Ungulates may be divided

o the two groups of the Omnivora and -the Ruminantia, the for-
‘:‘{Iler COmprifing the Hippopotamuses and the Swine, while the latter

icludes the Oxen, Deer, Camels, &e.

Of the Omnivorous Artiodactyles, the Hippopotamuses constitute
a small group, comprising massive, thick-skinned Ungulates, with
four-toed feet. The common Hippopotamus amphibius inhabits all
tl.le.gl reat rivers of Africa, living upon plants, and swimming and
diving with great facility, The molar teeth have flat crowns, of a
peculiar double-trefoil pattern ; but the canines are very large, and
the lower ones in particular form enormous tusks, with a chisel-
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shaped edge (fig. 239), an-d these are the principal weapons by which
the animal defends itself.

The Pigs, Peccaries, and Wart-hogs constitute the family Swida, .
and have usually four toes to each foot, though sometimes the hind-
feet have only three toes. All the toes are hoofed, but it is only
two which support the weight of the body, the remaining toe or
toes being placed at some elevation on the back of the foot (fig. 237,

Fig. 2390.—Skull of Hippopotamus emphibius, side-view.

(). The snout is truncated and cylindrical, and is capable of ex-
tensive movement. The tail is very short, or is represented only by
a tubercle. The molar and priemolar teeth have tuberculated
crowns (fig. 240), and the Pigs are very miscellaneous feeders.

Of the Swine the most important and best known is the Wilq
Boar (Sus scrofa), from which most of our domestic varieties of
Swine have sprung. Another form is the Babyroussa (Sus baby-

Fig. 240.—Grinding surface of the molar and pricmolar teeth of a Peceary
(Dicotyles labiatus). (After Giebel,) 2 J
L]
(

rusa), which inhabits the Indian Archipelago, and is remm-kzﬂﬁ
for the great size and backward curvature of the upper canine teet Le.
The Wart-hogs (Phacocherus) are African, and derive their name '
from the possession of a fleshy wart under each eye. The Peccaries
are exclusively American, the best-known species being the Collared
Peceary (Dicotyles torquatus). They are.not at all unlike small pigs
both in appearance and habits, but they present various striking

<
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anatomical peculiarities, which distinguisly them from the Swine of
the Old World. / V
 The Ruminantia form a most matural group of the Ungulata,
chavacterised by the structure of the foot, the dentition, and the
structure of the stomach.

The foot is “cloven,” consisting of a symmetrical pair of toes,
encased in hoofs, and looking as if produced by the cleavage of a
single hoof. The two functional toes (fig. 222) are the third and
fourth toes (the middle and ring toes); but the second and fifth toes
(the index and little toe) may be present in a rudimentary form on

Fig. 241.—Skull of a hornless Sheep : i Incisors; ¢ Canines ; m Molars
and privmolars.  (After Cuyier.)

i ! the hack of the foot. In no case, however, are these lateral toes so
g ‘fﬂl‘ developed as to touch the ground in walking on a hard surface.
| % 4As regards the dentition, the typical state of things is that there
Should be no incisor or canine teeth in the upper jaw (fig. 241), but
| that the lower jaw should have six incisors and two canines, which
I are all similer in size and form, and constitute a continuous and un-
terrupted series of elght teeth placed in the front of the lower jaw.
There are six back teeth (preemolars and molars) on each side of
each jaw, and these have grinding surfaces, the enamel ridges of
which form double crescents. The typical dental formula, therefore,
for a Ruminant is—
|

5 0—0 0—0 3 :
?3:3; Clti; pm ;_g; 7;23%:;:32.
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In the absence of inciser teeth in the upper jaw, the lower incisors
bite against a callous pad of hardened gum. The Camel tribe differs
in its dentition from the above typical formula, and - certain excep-~.
tions likewise occur in the males of some other forms, and in one or
two other less important instances.

The stomack in the Ruminants is complex, and is divided into
several compartments, this being in accordance with their mode of
eating. They all, namely, “ruminate” or chew the cud”; that is
to say, they first swallow their food unmasticated, and then bring it
up again after a longer or shorter period in order to chew it. This
is effected as follows (fig. 242): The gullet opens at a point between
the first two compartments or stomachs, of which the largest lies to
the left and is called the * paunch,” whilst the smaller right cavity is
called the “honeycomb bag” (reticulum). The paunch (rumen) is

{

o Gullet ; » Rumen or paunch ; & Honeycomb bag or
a Abomaswm or fourth stomach.

Fig. 242.—Stomach of a Sheep.
reticulum ; p Many-plies.or psalterivwn ;

the cavity into which the food is first received, and here it is moig.

tened and allowed to soak for some time. After the food has lain syf. |

ficiently long in the paunch, it passes into the “honeycomb by »

from which it is ultimately returned in successive portions to tbh’. f
mouth by a reversed action of the muscles of the gullet. Afto,.”
having been thoroughly chewed, and prepared for digestion, the fo, '

is now swallowed a second time. On this occasion, howRver, instezji
of passing into the paunch, the masticated food is conveyed into e
third stomach. This is known as the “many-plies” or “psalterium,”
because its lining membrane is thrown into a number of longitud,i-
nal folds, like the leaves of a book. The-psalterium opens by a wide
aperture into the fourth and last stomach, known as the “abomasum.”
This is a cavity of considerable size, which secretes the true digestive
fluid (gastric juice), and it is here that the food is really digested.

©
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The abomasum terminates, of course, in ¢he commencement of the
small intestine.

The Ruminantia include a number of families of which it is only
possible to notice the leading characters.

The family Camelide comprises the Camel and Dromedary of the
Old World and the Llamas of the New, and is characterised by
having no horns, by having two incisors in the upper jaw, and a
pair of canines in both jaws; whilst the first preemolar tooth in
both jaws (or in the upper jaw only) is conical in shape, and is
placed at some distance in front of the other back teeth (fig. 243).
The foot consists of only two toes, covered with imperfect nail-like
hoofs, and destitute of the two supplementary toes. The soles of
the feet are covered with a callous horny integument upon which
the animal walks. In the Camels the toes are conjoined below by

_a callous pad, and the back is furnished with one or two fleshy

c
Fig. 243.—Side-view of skull of Camelus Bactrianus: i Upper incisor; ¢ ¢ Canines:
pm Isolated priemolar.  (After Giebel.)

humps. The Arabian Camel or Dromedary has but one hump, and
its structure admirably adapts it for a beast of burden in the sandy

v deserts of Arabia and Africa. One special provision toward this
# end is the possession of large cells in the paunch, in which a great

' duantity of water can be stored up, thus enabling the animal to
| ravel for days without drinking. The Bactrian Camel resembles
‘the Dromedary in most respects, but it possesses two humps. The
Place of ti%e Camels of the Old World is filled in South America
by the Llamas and Alpacas (duchenia), which have separate toes,
and have no hump. The Llama is extensively used as a beast of
burden, but the Alpaca is chiefly of value for its long wool, which
is largely manufactured.

The small family of the Zragulide includes the little deer-like
animals which are known as “ Chevrotains. These are very like the
true Musk-deer (which are now placed with the Cervide), and have

.
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no horns, while the canino teeth are developed in both jaws, and the
upper canines of the males are tusk-like. The Zragulide are found
in India, the Indian Archipelago, and Africa. \
The family Cervide includes the true Deer and the Musk-deer, .
and is characterised by the fact that the forehead carries two solid \
bony antlers, which are not hollow, and are usually much branched J
(fig. 244). With the single exception of the Reindeer, these appen- f
dages are exclusively confined to the males, and ave deciduous ; ‘
that is to say, they are only produced at certain seasons (annually,
at the breeding season), and they are shed and reproduced before
the commencement of the next breeding season. They increase in
size and in the number of branches every time they ave reproduced,
- till in the old males they may attain an enormous size.

Fig. 244.—Side-view of the skull of the Roebuck (Capreolus capraa).
(After Giebel.)

Among the more familiar of the Deer may be mentioned the Elk’ )
or Moose (Alces Americanus) of Scandinavia and North Americy -
the Reindeer and Caribou (Cervus tarandus) of Northern Elll‘ope,
Asia, and North America ; the Red Deer (Cervus elaphus) of Europe).
the Wapiti (C. Canadensis) of Canada ; and the Roebuck (Capre 3
capraa) of Northern Europe.

Of the Giraffes or Camelopardalide there is only a s’ngl'e livinod
form, exclusively confined to the African continent. Both sex(:S:\
have two pairs of short horns, carried on the forehead ; but these
are persistent, and are covered with a hairy skin. The neck is
extremely long, and the fore-legs much longer than the hind-legs.
Tt is the largest of living Ruminants, and measures as much as from
fifteen to eighteen feet in height,

The Cavicornia or Hollow-horned Ruminants comprise the Oxen,
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Sheep, Goats, and Antelopes, and are chaffacterised by having horns,
which may be present in one or both sexes, and consist of a horny
sheath surrounding a central bony axis, or “horn-core ” (fig. 245).
The horns are persistent, and are not periodically shed, and there
is usually only a single pair, though sometimes there are two pairs.
In the Prong-buck Antelope alone, the horny sheath which sur-
rounds the horn-core is annually shed and reproduced. In their
dentition, and in other respects, the Cavicornia are to be regarded
as being the most typical examples of the Ruminantia, and they
include a number of animals which are of the highest utility to

main.

Fig. 245.—Skull of the Cape Buffalo (Budalus cafer), viewed from above,
showing the horn-cores. (After Cuvier.)

The Antelopes form a very extensive group, closely resembling
‘ _tlle true Deer, but distinguished by the possession of Zollow horns,
I place of solid antlers. Most of the Antelopes are African, and
there are only two European forms (the Chamois being one), while
America possesses only the Prong-buck (dntilocapra furcifer).
Among the more familiar African species may be mentioned the
Koodoo (fig. 246), the Gnu, the Gemsbok, and the Springbok.
The Sheep and the Goats (Ovide) are closely allied to one another,
and are well known by their domestic varieties. All the Sheep are
natives of the Old World, with the exception of the “Big-horn”
(Ovis montana) of the Rocky Mountains. Among the true Oxen
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(Bovidex) the most importhnt species is the domestic Ox (Bos taurus)
with its innumerable varieties. The true Buffalos (Bubalus) are
natives of Asia and Africa, and are characterised by their wide
horns united at the base (fig. 245). The American Buffalo (Zison \
Americanus), or Bison as it is properly called, is distingunished by its

J

Fig. 246.—Antelopide, Head of the Koodoo (Strepsiceros Koodoo).

enormous head, shaggy mane, and conical hump between the
shoulders. America also possesses another singular Ox (or Sheep)
in the person of the Musk Ox (Ovibos moschatus), which is found

north of the 60th parallel, and is remarkable for its small size and
long woolly coat.
OrpER VII. DINOCERATA.

This order comprises only some extraordinary extinet animals found in
the Tertiary deposits (Eocene) of North America. In Dinoceras, which may he
taken as the type of the group, we have an animal of large size, resembling the
Elephants in most of the details of the skeleton, with five well-developed toes |
on the fore-feet, and with four functional toes on the hind-feet, the hallux beiyy, (
rudimentary. No trunk or “proboscis™ was present, but there are three pajy /|
of hony processes, or “ cores,” which seem to have carried as many horny I’l'ov- o))
tuberances, one pair being on the nasal bones, another on the upper jaws, anq |
the third (the largest) on the frontal bones. The upper jaw is without incisors if |
rries huge tusk-like canines; and a series of six small premolars nu.(’-"

esent on each side. In the lower jaw are six incisors, small caniy }
ponding series of preemolars and molars,

but ca
molars is pr o8 |
and a corres :

OrpeER VIII. TILLODONTIA.

This is another extinct order of Mammalia, comprising some singular fossil
quadrupeds from the Tertiary deposits (Eocene) of North America. The ani-
mals ineluded in this order resemble the Beasts of Prey (Carnivora) most

T ——

o




\

S

ORDERS OF MAMMALIA. 341

closely as regards the general structure of the skgleton, and especially as to the
conformation of the feet ; but they possess also characters which ally them to
the Ungulata and to the Rodentia. One of the most striking characters is the
presence in the front of each jaw of a pair of huge incisor teeth, which resemble
the corresponding teeth of the Rodent animals in having chisel-shaped crowns,
and in growing throughout the life of the animal.

Orper IX. TOXODONTIA.

This is a third extinet order of Mammals, comprising certain large fossil
quadrupeds from the later Tertiary deposits of South America, the true rela-
tionships of which are quite uncertain. The molar and pramolar teeth have
flat grinding crowns, but they grow from permanent pulps, and continue
growing throughout the life of the animal—a feature specially characteristic of
many Rodents. The incisors resemble those of the Ungulates generally, and
the canines are small, and in the upper jaw are deciduous.

OrDER X. HYRACOIDEA.

This order includes only a single small genus (Hyrax), of which
only two or three species are known. They are all gregarious little
animals, mostly living in holes of the rocks, and capable of domes-
tication. Onme species (Hyraz Capensis) occurs commonly in South
Africa, and is known to the Dutch colonists as the “ Badger.” An-
other species (Hyrax Syriacus) oceurs in the rocky parts of Arabia
and Palestine, and is believed to be the “coney ” of Seripture. They
present many curious points of resemblance to the gigantic Rhino-
ceros, and are often placed in the same order, the similarity being
especially great as regards the form of the molar teeth. The incisor
teeth of the upper jaw arve long and curved, with sharp cutting
edges, and they grow from a permanent pulp, thus resembling the
teeth of the genuine Rodents (such as the Rabbit or Beaver).

! :
| l, OrpER XI. PROBOSCIDEA.

\ The only living animals which belong to the order of the Proboscid- :
' eans ave the Elephants, of which there are only two well-marked exist-

‘ing species—namely, the Indian Elephant and the African Elephant.
The name of the order is derived from the fact that the nose is pro-
longed into a long cylindrical trunk, or “proboscis,” which is highly
muscular, and which terminates in a finger-shaped lobe, below which
are ulaced the apertures of the nostrils (fig. 247). The proboscis is the
sole organ of prehension possessed by the animal, and is employed
to take up water, and also to introduce into the mouth the vegetable
substances upon which the Elephant feeds. The Elephants, in fact,
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are unable to apply the mouth divectly to the ground, either for
feeding or for drinking, owing to the peculiar form of the incisor
teeth. The upper incisors of the Elephants, namely, ave two in
pumber, and constitute long tusks, which grow throughout the
entire life of the animal, and which in old individuals may reach a
length of six or seven feet (fig, 247). There are no lower incisor teeth,
and canine teeth are wanting in both the upper and lower jaws.
Each jaw, however, usually exhibits a pair of exceedingly large
molar teeth (fig- 248), which are transversely ridged, and which are

Fig. 247.—Skull of the Indian Elephant (Elephas Indicus). i Tusk-like upper incisors ;

m Lower Jaw, With grinding molars, but without incisors; n Nostrils, placed at . |
extremity of the proboscis, P)
1

used in triturating the foliage or herbage on which the animal feeds, |
The entire structure of the Elephant is exceedingly massive, and the ¢
skin is thick, and sparingly furnished with hair. The feet have five !
toes each, but all the toes do not carry hoofs,and the animal walks upon
a thick pad of horny skin, which forms the lower end of each foot.
The recent Elephants ave exclusively confined to the trgpical
regions of the Old World, in the forests of which they live in herds.
Only two living species are known—the Asiatic Elephant (£lephas
Indicus) and the African Elephant (£. Africanus). There can be no

¢
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doubt, however, but that the Mammoth (Elephas primigenivs) ex-
isted in Europe within the human period.

The Indian Elephant inhabits India and the Indian Archipelago,
and has five hoofs on the fore-feet, but only four on the hind-feet.
Like the Ceylon Elephant, which is a mere variety, the males alone
possess well-developed tusks. The African Elephant has four hoofs
on the fore-feet, and only three on the hind-feet, while it is smaller
and darker in colowr than the Indian species. Both sexes also
possess tusks, though those of the males ave largest.

 Besides many extinct forms of Elephants, there formerly existed

Pig. 248.—Lower jaw of the Indian Elephant (Elephas I ndicus);viewed from above,
showing the molar'tecth. Greatly reduced in size.

kElephantine animals belonging to two allied genera— ViZ., Deino-

therium and Mastodon. In the Mastodons the whole structure of
the animal was closely similar to that of the Elephants ; but the
molar teeth had tubercular and not ridged crowns ; and there were
sometime two tusk-like lower incisors in addition to the regular
upper tusks. In Deinotherium, on the other hand, there were no
tusks in the upper jaw; but there were two tusk-like incisors in the
lower jaw, the front of which was abruptly bent, so that the tusks
pointed vertically downwards.
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OrpER XII. CARNIVORA.

The twelfth order of Mammals is that of the Carnivora or Beasts
of Prey, comprising the Lions, Tigers, Wolves, Dogs, Cats, Hyzenas,
Seals, Walruses, &c. The Carnivora ave distinguished by possess-
ing two sets of teeth, which are simply enamelled, and are always
of three kinds, incisors, canines, and molars, differing from one an-
other in size and shape. The incisor teeth are generally six in each
jaw; the canines are always two in each jaw, and are much longer
and larger than the other teeth. The preemolars and molars are
mostly cutting teeth, furnished with sharp uneven edges, but one
or more of the hinder teeth have tuberculate crowns. The molars,
too, graduate from a cutting to a tuberculate form as the diet is
strictly carnivorous or becomes more or less miscellaneous. N

The dentition (fig. 249) differs considerably in different memberg
of the order, but subjoined is the dental formula of the Cats (Felide),
which are the most typical examples of the Carnivora—

.3—3 1—1 3—3 1—1_ .0

R U Dt

Fig. 249.—Permanent dentition of the Lion (Felis leo). In the upper jaw the logyo,.
2% indicates the upper carnassial, while in the Jower jaw the letter m indicateg the
lower carnassial.

In the typical and most highly speci:llisefl Carnivores (such as th( '
Felide), the last premolar in the upper jaw, and the first molay
in the lower jaw (fig. 249, pm® and m) are specially developed, and
are known as the “carnassial ” teeth, having a sharp cutting-edge ;
whereas in other cases the corresponding teeth are blunt and * tuber-
culated.” Even in their most trenchant condition, the carnassial
tooth commonly has a more or less developed tuberculated process
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or heel, on the inside of its cutting edge., In various (arnivores a
number, or all, of the praemolars and molars may be tuberculate,”
their crowns being adapted for bruising rather than cutting. As a
general rule, the shorter the jaw, and the fewer the preemolars and
molars, the more carnivorous is the animal. The jaws are so articu-
lated as to admit of vertical but not of horizontal movements; and
the sharp-edged back-teeth ave thus enabled to act like the blades
of a pair of scissors.

Besides the strictly flesh-eating dentition of the Curnivora, the
order is distinguished by always having the feet provided with
strong curved claws ; and the collar-bones (clavicles) are either quite
rudimentary, or ave altogether absent. The Curnivora ave divided
into the following three sections, founded upon the nature of the

limbs :—

1. Pinnigrada (fig. 250, B), in which both’ the fore and hind legs
are short, and the feet form broad, webbed, swimming - paddles.
The hind-feet are placed very far back, nearly in a line with the
axis of the body, and they form with the hinder end of the body a
powerful caudal fin. In this section arve the Seals and Walruses.

A

3 e l:
E—

~

A

Fig. 250.—Feet of Carnivora (after Owen). A, Plantigrada, Foot of Bear;
B, Pinnigrada, Hind-feet of Seal ; C, Digitigrada, Foot of Lion.

2. Plantigrada (fig. 250, A). comprising the Bears, in which the
whole, or nearly the whole, of the foot is applied to the ground, so
that the animal walks upon the soles of the feet.

3. Digitigrada (fig. 250, C), comprising the Cats, Lions, Tigers,
Dogs, &c., in which the heel is raised from the ground, and the
animal walks npon tiptoe.
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The Seals and Walruses, forming the family Pinnigrada, arve
distinguished from the other Carnivora by their adaptation to an

aquatic mode of life. In this respect they agree with the thoroughly -

aquatic Whales and Dolphins, but they difter from both the Cetaceq
and the Sirenza, not only in their dentition, but also in always hav-
ing well-developed Zind-limbs. The Seals (fig. 251) are character-
ised by having tricuspidate priemolar and molar teeth, the lower
incisors being often reduced to four, and the canine teeth not being
of excessive size. They form a very numerous family, of which
species are found in most seas out of the limits of the tropics,
They abound, however, especially in the seas of the Arctic and
Antaretic regions. They are largely captured both for their oil and
for their fur. "The Walrus or Morse (7'ichecus) is distinguished
from the true Seals by the fact that in the adult only two of the,

Fiz. 251.—Greenland Seal (Phoca Granlandica).

upper incisors are present; whilst the upper canines are enor-
mously developed, and form two pointed tusks—fifteen inches oy
more in length—which are directed downwards between the sma])
lower canines, and project considerably below the chin. The Wjy].
rus is a large heavy animal, from ten to fifteen feet in length, whicl,
is found in flocks in the Arctic seas, and is hunted both for its
blubber and for the ivory of the tusks.

The Plantigrade Carnivora apply the whole or the greater part
of the sole of the foot to the ground in walking ; and this portion
of the foot is nearly or altogether destitute of hairs, except in the
White Bear. The most typical members of the Plantigrada ave
the Bears (Urside), of which the common Brown Bear and the
White or Polar Bear are familiar examples. The Bears are much
less purely carnivorous than the majority of the order, and, in
accordance with their omnivorous habits, the teetls do not exhibit
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the typical carnivorous characters. The ipcisors and c:Jmines have
their usual carnivorous form, but the hinder preemolars and the
‘molars are furnished with broad tubercular crowns. The claws are
large, curved, and strong, but are not retractile. The tongue is
smooth, the ears small and erect, the tail short, the nose mobile, and
the pupil civeular. Most of the Bears are only carnivorous in so far
that they eat flesh when they can get it; but a great part of their
food consists of roots, acorns, honey, and even insects.

Nearly related to the true Bears are the familiar Racoons (Pro-
cyon) of America, the Coatis (Nusua) of South America, and the
Wah (Zlurus) of India.

The only remaining Plantigrades of importance are the Badgers
(Meles) of Europe, Asia, and America, the Gluttons or Wolverines
(Gulo) of the same continents, and the Honey-badgers (Mellivora) of
Africa.

Forming a kind of transition between the Plantigrada and the
Digitigrada is a group of Carnivora which comprises numerous
forms, such as the Weasels, Otters, and Civets, which apply part,
but not the whole, of the sole of the foot to the ground.

The Weasels (Mustelidie) have short legs, and elongated worm-like
Dodies, with a stealthy, gliding mode of progression. Good examples
ave the Polecat, the Mink, the Ermine, and the Sable. The three
last named furnish the beautiful and valuable furs known by their
names. Here also belongs the Skunk (Mephitis), celebrated for its
intensely disagreeable odour when alarmed or irritated. The Otters
are nearly allied to the Weasels, but have webbed feet adapted for
swimming. The great Sea-otter yields a very valuable fur. The
Civets and Genettes ( Viverride) all belong to the Old World. The
true Civet-cat inhabits North Africa, and is furnished with a pouch
which secretes’ the peculiar fatty substance which is used as a per-

\ fume under the name of “civet.”

X The typical group of the Carnivora is that of the Digitigrada,
Comprising the three tribes of the Dogs (Canide), the Hywenas
‘(”.'/"-‘m'clce), and the Cats (Felide). The family Canide comprises
‘the true Dogs, the Wolves, the Foxes, and the Jackals, all char-
Wcterised by their pointed muzzles, smooth tongues, and mnon-
Cetractile claws, and by the fact that the fore-feet have five toes,
whilst the hind-feet have only four. In the Hyenide, comprising
the Hy:enas, there are only four toes to all the feet, the muzzle is
rounded, the tongue is rough, and the hind-legs are shorter than the
fore-legs. The Hywmnas are ill-conditioned, ferocious animals, which
occur in Africa, Asia Minor, Arabia, and Persia.

The most highly carnivorous, and therefore the most typical, group
of the Carnivora’is that of the Cats or Felide, comprising the Lions,
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Tigers, Leopards, Panthers, Cats, and others. 1In all these the ani-
mal walks lightly upon the tips of the toes, and the soles of the feet

are hairy. The jaws are short, and owing to this and to the great

size of the muscles which move the lower jaw, the head assumes a
P

Fig. 292.—Side-viay o1 e skull of the Lion.

rounded form, with & short y),,,.1e  The molars and preemolars
(figs. 249 and 252) ave fewer i jymber than in any,other of the
Carnivora—hence the shortness of the jaws : and they are all fur-
nished with cutting edges, €xcept the single molaf in the upper jaw,

R4
/]

. : /
Fig. 253.—Bones and lignments of the toe of a Cat, showing the elaw retracted ( A) |

and protruded (B).

|

which is tuberculate. The legs are nearly of equal length, and the

hind-feet have only four toes, whilst the fore-feet have five toes
each. All the toes are furnished with strong curved vetractile claws,
which, when not in use, are withdrawn within sheaths by the action
of elastic ligaments (fig. 253). The tongue is armed with horny

!
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Fig. 954.—A, Side-view of the skull of a Rodent (Cynomys). B,
upper jaw of the Beaver (Castor fiver). (After Giebel.)
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eminences, which render it rough and prigkly, and adapt it for the
office of licking flesh from the bones of the prey. They are all
extremely light upon their feet, and excessively muscular ; and all
have the habit of seizing their prey by suddenly springing upon it.
In this section ave the Lion (Felis leo), the Tiger (Felis tigris), the
Jaguav (LFelis onea), the Pama (Felis concolor), the Leopard (Felis
leopardus), the Liynxes, and the true Cats.

The Lions are entirely confined to the Old World, inhabiting
Southern Asia and Africa. The males are maned, and the tail is
tufted. The Royal Tiger is exclusively Asiatic, as are most of the
Tiger-cats, but some of the latter ave American. The Spotted Cats
or Leopards arve represented, among others, by the Leopard and
Cheetah of the Old World and the well-known Jaguar of the Amer-
sean continent. The Puma is also American, but its colour is uni-
form, The Lynxes are distinguished by their tufted ears, and are

" found both in the Eastern and Western hemispheres.

Orper XIII. RoDENTIA.

In this order are a number of small animals, characterised by the
absence of canine teeth, and the possession of two long curved
incisor teeth in both jaws, which are separated by a wide interval
from the molars (fig. 254). There are seldom more than two incisors
in the upper jaw (sometimes four), but there are never more than

Molar teeth of the

w in number (rarely

two in the lower jaw. The molar teeth are fe i
ally

more than four on each side of each jaw). The feet are usu

furnished with five toes each.
The most characteristic point

in the structure of the incisor teeth, which are ad

about the Rodents is to be found
apted for con-
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tinuous gua:vin g. They grow from persistent pulps, and consequent] y
continue growing as long as the animal lives. They are large, long,
and curved, and ave covered in front with a layer of hard enamel, ‘
so that the softer-parts of the tooth are placed behind (fig. 254, AN N 4{
The result of this is, that as the tooth is used in gnawing, the softer 10
parts behind wear away more rapidly than the hard enamel in front, ;
and thus the crown of the tooth acquires by use a chisel shape, (
bevelled away behind, and the enamel forms a persistent cutting-
edge. The Rodents are almost all of small size, and are very pro- !
lific. They subsist principally, if not entirely, on vegetable matters, '
especially the harder parts of plants, such as the bark and roots.
Many possess the power of building very elaborate nests, and most
of them hibernate (Z.c., remain torpid throughout the winter). They
are very generally distributed over the whole world.

The order Rodentic comprises a large number of families, of wln'ch‘

y PSuy

Fig. 255.—The Beaver (Castor fiber). ,

little more than the names of the principal ones can be mentionr 2 g ) ,
The most important families of Rodents are the following : 1. Lepor-
idee, comprising the Haves and Rabbits. The Hares generally ocey;e
in temperate regions, but some are African, and one species oceyyg
in the Arctic regions, while the common American Hare (Lepus
Americanus) extends from Canada to Mexico. 2. Cavide, Comprig.
ing the Cnpybm-as,.Glli{xea-pigs, &e. The Capybara is the larges
of living Rodents, and is not unlike a small pig. Tt is 4 native of
South America, and leads an amphibious life. Here also belong the
Agoutis (Dasyprocta) of South America and the West Indies, and
the Pacas of South America. 3. Hystricide, comprising the Porcu- .
pines, and characterised by the fact that the body is covered with ‘
longer or shorter spines or quills mixed with bristly hairs. Most
of the Porcupines live in burrows, and are much like the Rabbits in

™
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their habits, but some are furnished with gprehensile tziils, and live
in trees. 4. Custoride or Beaver family, comprising the Beaver.

'The Beaver (fig. 255) has webbed feet and a scaly tail, and the fur
/' is an article of considerable value. It inhabits both North America -
'\1 and Europe. The Musquash resembles the Beaver in many respects,
\ and is also a native of Northern America ; but the Coypu is South
.\ American. 5. Muride, comprising the Mice, Rats, Hamster, Lem-
)" mings, &. The Rats and Mice are too well known to require more
' than merely to be mentioned. 6. Dipodide, comprising the Jerboas
of the Old World, and the Jumping Mice of America. 7. Myowxide,
comprising the Dormice, which must not be confounded with the
true Mice on the one hand, or with the Shrew Mice on the other
hand. 8. Sciuride, comprising the Squirrels, Flying Squirrels, and
Marmots. The Flying Squirrels do not really fly, but like the
“flying ” Phalangers, they take long leaps from tree to tree by means
of laterally extended folds of skin. The Marmots, unlike the typical
Squirrels, are ground-animals, and live in burrows. An excellent
example is afforded by the Prairie-dog (Cynomys Ludovicianus) of
North America.

OrDER XIV. CHEIROPTERA,

This order is undoubtedly one of the most distinctly circum-
scribed orders in the whole class of the Mammalia, and comprises
only the Bats. In many respects, however, it might be well to

finger; d, Middle finger; s¢ Shoulder-blade; ¢l Collar-bone; / Thigh-bone;

) Fig. 256.—Skeleton and outline of Bat (Phyllostoma hastatum). dy Thumb; d. Fore-
\ t Tibia; d Toes.

regard the order as merely a modified branch of the Insectivora, just as
the Pinnigrada ave vegarded as a modified offshoot of the Carnivora.

2
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The Cheirop. era or Bats axe essentially characterised by the fact that

the fore-limbs are much longer than the hind-limbs, and have

several of the fingers enormously elongated (fig. 256). These enor .

mously lengthened digits are united by an expanded leathery mem-
brane or ¢ patagium,” which not only stretches between the fingers,
but is also extended between the fore and hind limbs, and is
attached to the sides of the body (fig. 257). The patagium thus
formed often includes the tail, and is nearly or quite naked or
destitute of hairs on both sides. It is used as an organ of true
flicht, and, in accordance with this, there are well-developed collar-
bones (clavicles), and the breast-bone is furnished with a ridge for
the attachment of the pectoral museles. Of the fingers of the hand

Fig. 257.—Cheiroptern. Vespertilio discolor, one-hall the natural size,

at least three are destitute of nails. The mammary glands are,
placed upon the chest. Teeth of three kinds are always pPresent
and the canines are always well developed. 2

The Bats are all twilicht-loving or nocturnal animals, and they/
are the only Mammals which possess the power of true flight, thoug,
several others can make extended leaps from tree to tree. The eybes
are small, but the ears are very large, and their sense of touch is
‘most acute. During the day they retire to caves or crevices in
rocks, where they suspend themselves by the hind-feet, which are
provided with carved claws. In their flight, though they can turn
with great ease, they are by no means as rapid and active as the

O
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N true Birds. The tail is sometimes very short, sometimes moderately

long, and is usually included in a continuation of the patagium,

- which extends between the hind-legs. The body is covered with

£ hair, but the patagium is usually nearly or quite hairless. Most of
7' the Bats hibernate.

' The Cheiroptera are conveniently divided into the two sections of

the Insectivorous and Frugivorous Bats. In the first section are

\ all the smaller Bats, which universally live upon insects. In this

section we must also place the Vampire Bats, which are of compara-

“tively large size, and some of which have the habit of sucking the

‘blood of sleeping animals. In the second, or fruit-eating section of

the Cleiroptera ave only the Fox-bats (Pteropide), which are especi-

ally characteristic of the Pacific Archipelago, inhabiting Australia,

Java, Sumatra, Borneo, &c., but occurring also in Asia and Africa.

They are amongst the largest of the Bats, one species—the Preropus

e edulis or Kalong—attaining a length of from four to five feet from

é‘\\ . T the tip of one wing to the tip of the other.

ORDER XV. Ixspcrivora.

{ The next order of Mammals is that of the Tnsectivora, which com-
o prises a number of small animals, Very similar in many respects to the
Rodents, but wanting the peculiz, incisors of that order, and also
being provided with clavicles. 4y the three kinds of teeth are
present, but the dentition is very various, and the only common

5 Fig. 258.—Skull of the common Hedgehog (Erinaceus Europaus).

JCl_ml‘acter is; that the crowns of the molar teeth (fig. 258) are fur-
fushed with small pointed eminences or cusps, adapted for crushing
nsects. All the toes have claws ; there are usually five toes to'each
foot, and most of the Insectivora ave plantigrade—that is to say,
walk upon the soles of the feet. They are all small, and they exist

Z
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over the whole world, excopt in Australia and South America, where
their place is taken by Marsupials, such as the Opossums,
The Znsectivora are divided into several families, of which the fol- ~

lowing are the most important. The Moles (Zalpide, fig. 259) are
distinguished by having the body covered with hair, the feet short
and formed for digging, and the toes furnished with strong, curved
claws. There is no external ear, and the eyes are either extremely
small, or are completely concealed beneath the fur. They are all 1
nocturnal, burrowing animals. The Star-nosed Moles (Condylura)

+ are American, but their habits are like those of the European Mole
(Zalpa Buropea, fig. 259). The Golden Moles (Chrysochloris) ave
African, and are remarkable for the iridescence of their fur, The

Shrews (Soricide) are very like the true Mice in external appear-

ance, but they are really widely different. The body is covered with

hair, the feet are not adapted for digging, and there ave mostly ex- \

\

ternal ears, while the eyes are well developed. No division of the

Fig. 250.—Insectivora. Mole (Talpa Evropara).

Insectivora is more abundant or more w
Soricide, and one of the Shrews is prob
Mammals, not exceeding two and
in the tail.

The so-called “Elephant-shrews ” (Macroscelide
another family. They are distinguished by their Immensely elop.’
gated trunk-like nose, and their long Kangaroo-like hind-legs.

Another family (Erinaceide) includes the well-known Hedgehog,
which have the power of rolling themselves into a ball at the ag -
proach of danger, and which have the upper surface of the bot?v
covered with short prickly spines, forming a protective armour.
The common European Hedgehog (Lrinaceus Luropeeus, fig. 260)
is the type of the family, but other species occur in Africa ;m(i: india.
The “Tenrecs” (Centetes) of Madagascar are closely allied to the

idely distributed than the
ably the smallest of existine
a half inches in length, counting

) of Africa fopy,

—
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Hedgehogs, but have no power of rollsng themselses up. The
“ Banxrings” (Zupaia) of the Indian Archipelago have a long, com-
pressed tail, and live mostly in trees.

Before passing on to the next ord_ex-, a few words must be said
about a curious transitional form, which has been alternately placed
in the Chelroptera, the Insectivora, or the Quadrumana, or has been
regarded as the type of a separate order. The animals alluded to
are the so-called Flying Lemurs (Galeopithecus), of which more than

Fig. 260.—Insectivora. The Hedgehog (Erinaceus Europeus).

. One species is known as inhabiting the Indian Archipelago. The
\ leading characteristic in these singular animals is the possession of
%“' flying membrane, which extends as a broad expansion from the
Nape of the neck to the arms, from the arms to the hind-legs, and
Hrom the hind-legs to the tail. The fingers are not elongated, and
O not support a “patagium,” so that the animal has no power of
true flight, but can simply take extended leaps from tree to tree.
The Galeopitheei live chiefly upon small insects and birds, and they
should probably be regarded as aberrant forms of the Znsectivora.

OrpER X VI. QUADRUMANA.

The sixteenth order of Mammals is that of the Quadrumana,
comprising the Apes, Monkeys, Baboons, and Lemurs. The charac-

]
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teristic of this order is, éhat the innermost toe (great toe) of the
hind-limbs can be opposed to the other toes, so that the hind-feet

become prehensile hands. The term * opposed ” simply implies that -

the toe can be so adjusted as regards the extremities of the other y
toes, that any object can be grasped between them, just as the Y
thumb of the human hand can be “opposed ” to any of the fin-
gers. The fore-feet may be destitute of a thumb, but when this is
present, it, too, is generally opposable to the other digits, so that the
animal becomes truly four-handed or “quadrumanous.”

. The Quadrumana ave divided into three very natural sections,
separated from one another both by their anatomical characters
and their geographical distribution.

Section A. Strepsirkina.—Characterised by having the nostrils
twisted or curved, and placed at the end of the nose, whilst the .
second toe of the hind-feet is furnished with a claw. The Quadiru- (.

\

\
@

Fig. 261.—Side-view of the skull of a Lemuroid (Nycticebus or Stenops tardigradus).
(After Giebel.)

mana of this section are chiefly referable to Madagascar as their
geographical centre, but they spréad from Madagascar westwardg
into Africa, and eastwards to the Indian Axchipelago. In thig
family are the Aye-aye (Cheiromys), the Loris (Nycticebide), ang
the Lemwurs (Lemuride).

The Aye-aye is confined to Madagascar, and is not unlike a large
squirrel in appearance, having a long bushy tail. The incisors é’l'ow.
from permanent pulps, like those of Rodents, and there are e
canines. The Loris and Slow Lemurs have either no tail or /
rudimentary one, and they are confined to Southern Asia, and tlE
great islands of the Indian Archipelago. The true Lemurs (fig. 261)
are principally natives of Madagascar, and are often spokén of as
“ Madagascar cats.” They have a soft, woolly fur, and a long tail
which is prehensile. The second toe of the hind-foot has a loxfg an(i
pointed claw. ;

Section B. Platyrkina.—This section includes those monkeys in ‘
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which the nostrils are simple, and are plased far apart‘; the thumbs
of the fore-feet are wanting, or, if present, are hardly opposable ;
and the tail is generally prehensile. The Platyrhine Monkeys are
exclusively confined to South America, occurring especially in
Brazil, and they are all adapted for a more or less purely arboreal
life. The best-known members of this section are the Marmosets
(Hapalide), and the great family of the Cebide, comprising the
Spider-monkeys, the Howlers, and others. The Howlers (Mycetes)
are remarkable for having a bony drum at the summit of the wind-

pipe, by which the voice is rendered extraordinarily resonant, and -

peculiarly weird and terrifying to those who hear it.

As regards their dentition, the Platyrhine Monkeys differ from
the Old World Monkeys, as also from Man, in having an additional
preemolar on each side of each jaw. They have, therefore, three
preemolars on each side of each jaw, instead of only two. On the
other hand, they have either three molars on each side, as have the
0ld World Monkeys and Man, or they have only two. The dental
formula of the Marmoset is—

S0 4 (1] 3—3, . 2—2_ .,

Vo ¢ 1=y PM 53’ L
The dental formula of the Howlers (Mycetes) is—
DAt g e IRy

; 53;3.; s ;M}? pm i_;, n ;:'_‘;:3“-

Section €. Catarhina.—In this, the highest section of the Quadru-
mana, the nostrils are oblique and placed close together, and the
thumbs of all the feet are opposable, so that they are truly “quadru-
manous.” The dental formula agrees with that of Man :—

29 11 22 - 3—3_,

N —— =

i s e O e e e

The incisor teeth, however, are prominent and projecting, and the

) Canines, especially in the males, are large and pointed, whilst the

) teeth form an uneven sevies. - The tail is never prehensile, and is
Sometimes absent. Cheek-pouches are often present. In one single
Wstance (Colobus) the thumbs of the fore-limbs are wanting.

. With the single exception of a Monkey which occurs on the Rock
of Gibraltar, all the Catarhine Monkeys are confined to Africa and
Asia. The most typical forms of the section ave the Semnopithect
and Macaqgues of Asia. TLess typical are the Baboons, which inhabit
Africa, and are amongst the most repulsive of all the Quadrumana.
In these the tail is always short, and often quite rudimentary. The
head is large, and the muzzle greatly prolonged, having the nostrils

at its extremity. The skull (fig. 262) is furnished with great bony

" .
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ridges which serve for theoattachment of muscles. More than any
other of the Monkeys they employ the fore-limbs in terrestrial pro-
gression, running upon all-fours with the greatest ease.

-
Fig. 262.—Side-view of the skull of a Baboon (Cynocephalus ursinug). (After Giebel.) \4,/‘ [

The third family of the Catarhine Monkeys is that of the Anthro-
poid Apes, S0 called from their making a nearer approach to Man in \

c’rwpi!hccus mona, & Catarhine Monkey, one-seventny

Fig. 203.—Quadrumana.
of the natural size.

anatomical structure than is the case with any other Mammal, The

Anthropoid Apes are distinguished Dby having no tail nor cheek-

pouches. The limbs are short—shorter than the fore-limbs—and
°

=
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the animal can progress in an erect or, semi - erect” posture. At
the same time the hind-feet are strictly prehensile, since the
thumbs are opposable to the other toes. The canine teeth of the
males are very long, strong, and pointed, but this is not the case in
the females.

In this tribe are the Gibbons, the Chimpanzee, the Orang-outang,
and the Gorille. The Gibbons form the genus Hylobates, and they
belong to Asia, India, and the Indian Archipelago. The anterior
limbs in these monkeys are extremely long, and the hands nearly or
quite touch the ground when the animal stands erect. The Orang-
outang (S#nia) has no cheek-pouches, and the hips are covered with
hair. The arms are of excessive length, and the hind-legs very
ghort. When young, the head of the Orang-outang is mot very
different from that of a child, but as the animal grows, the bones of

Flig. 284.—A, Skull of the Orang-outang; B, Skull of a European adult.

the face gradually lengthen, whilst the skull remains much about
the same ; great hony ridges are developed for the attachment of the

) Muscles which act upon the jaws ; the incisors project ; the canine

teeth of the males become long and pointed, till ultimately the
Mmuzzle becomes as pronounced and well marked as in the Carnivor-
Ous animals (fig. 264, A). The only unquestionable species of Orang
is the Simia satyrus, which inhabits Sumatra, Borneo, and the other
larger islands of the Indian Archipelago, The Chimpanzee and
Gorilla both belong to Africa, and form the genus Troglodytes.
The Chimpanzee is a native of Western Africa, and has the arms
much shorter proportionately than in the Gibbons and Orangs. Still
they are much longer than the hind-limbs, and reach below the
knees. The hands are naked to the wrist, and the face is also naked

~
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and much wrinkled. The,Gorilla is in most respects like the Chim-
panzee, but is,much larger, attaining a height of fully five feet. It
is a native of Lower Guinea and Equatorial Africa, and is enor-
mously strong and very ferocious. It is now generally looked upon
as the highest of the Anthropoid Apes.

Orper X VII. Borava.

l
In this order stands Man alone, and little, therefore, needs to
be said on this head. Man is distingnished zoologically from all
other Mammals by his habitually erect posture and progression
upon two legs. The lower limbs are exclusively devoted to progres- ; \J

sion and to supporting the weight of the body. The fore-limbs are
shorter than the legs, and have nothing to do with progression. The
thumb can be opposed to the other fingers, and the hands are there- i
fore prehensile. The fingers and toes are furnished with nails ; bug
the innermost digit of the foot (the great toe) is not capable of “ e
being opposed to the other toes, so that the foot is useless as a %
grasping organ. The foot is broad and plantigrade, the whole sole
being applied to the ground in walking. \ [
The teeth are thirty-two in number, and they form a nearly even
and uninterrupted series, without any gap or interval. The dental
formula is—
i 3;_; N0 iz% 3 pm g}gi ; m g:__—'g=32.
The brain is more largely developed, and more .richly furnished
with large and deep foldings or convolutions, than ls.the case in any
other Mammal. Tastly, Man is the only terrestrial Mamma] iy,
which the body is not furnished with a general covering of hair, P
The purely anatomical distinctions between Man and. the othey
Mammals are thus seen to be not very striking, and of themsely,,
they would hardly entitle Man to the position of formix}g a distineg
order in the class Mammalia. When, however, we take into account {
the vast mental differences, hoth intellectual and moral, between ?/
Man and the highest of the brutes, and when we Yeflect that this {
mental difference must have some physica] correspomlence’ it ]Jel. f
comes a question whether the group Bimand should not }; Ve the
value of a distinct sub-kingdom, whilst there can be little hesitag; on!
in giving Man at least a class to himself. \
Tn the words of Dr Pritchard, “ t'he sentiments, fe_elings, sympa- 1
thies, internal consciousness, and mind, and the habitudes of mind
and action thence resulting, are the real and essential characteristics

of humanity.”
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ABDOMEN (Lat. aldo, 1 conceal ; or contracted from adipomen, derived from
adeps, fat). The hinder portion of the body-cavity of the higher animals,
containing the principal digestive and excretory organs.

ABERRANT (Lat. aberro, I wander away). Departing from the regular type.

ABNORMAL (Lat. ab, from; norme, a rule). Irregular; deviating from the
ordinary standard,

ABoMASUM. The fourth cavity of the complex stomach of the Ruminants.

Anl_ll.lx.\'cumm (Gr. a, without; bragchia, gills). Destitute of branchim or
gills.

ACANTHOCEPHALA (Gr. akantha, a thorn ; kephalé, head). A class of parasitic
Worms, in which the head is armed with spines.

ACARINA (Gr. alari, a mite). A division of the Arachnida, comprising the
Mites and Ticks. 3 :

ACCRETION (Lat. accresco, I grow larger). The process by which inorganic
b‘odics (such as crystals) grow larger, by the addition of fresh particles from
the outside. s Rl

ACEPHALOUS (Gr. @, without ; kephalé, head). Not possessing a distinct head.

AcTiNosoMa (Gr. aktin, a ray; soma, body). Employed to designate the
entire body of any A ctinozodn, whether this be simple (as in the Sea-anem-
ones), or composed of several zovids (as in most Corals).

ACTINOZOA (Gr. aktin, a ray ; zodn, an animal). That division of the Calen-
terata of which the Sea-anemones may be taken as the type. ) ;
Appucror (Lat. adduco, 1 bring together). The muscles which bring to-

gether the valves of the shell of the Bivalve Molluscs are known as the

‘“adductors.” : oo ! ;

RIAL (Gr. aér, air). Living in the air ; enjoying the power of flight.
MBULACRA (Lat., ambudacrum, & place for walking). The perforated spaces
or “avenues” in the shell of the Zckinoidea, through which are protruded
the locomotive tube-feet. : :
METABOLIC (Gr. @, without ; metabolé, change). Applied to those insects
which do not possess wings when fully grown, and which do not, therefore,
Dass through any well-marked metamorphosis.

AMaBA (Gr. amoibos, changing). A species of Rhizopod, so called from the
numerous changes of form which it undergoes. By

AMORPHOUS (Gr. a, without ; morphé. shape). Not having any definite figure.

AMPHIBIA (Gr. amphi, both ; bios, life). A class of the Vertebrata comprising
Frogs, Newts, and the like, which have always gills when young, bu.t. always
develop lungs when fully grown. Most of them, therefore, live indifferently
on land or in water. A

AMPHICELOUS (Gr. amphi, at both ends ; koilos, hollow). Applied to vertebre
which are doubly concave, or hollow at both ends.
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AMPHIDISCS (G{z ampht, at both ends ; diskos, a quoit or round plate). The
spicules which surround thé reproductive “gemmules” of Spongille, and
resemble two toothed wheels united: by an axle. : ¢

AMPHIOXUS (Gr. ampki, at both ends ; ozus, sharp). The Lancelet, a curious
little fish, which alone constitutes the order Pharyngobranchit.

AxpHIPODA (Gr. amphi; and podes, feet). An order of the Crustacea, so
called because some of the feet are directed forwards and some backwards.

ANALOGOUS. Applied to parts which perform the same function.

ANARTHROPODA (Gr. @, without; arthros, a joint ; podes, feet). The division
of Annulose animals in which there are no articulated appendages.

ANNELIDA (a Gallicised form of Anwidata, Lat. annulus, a ring). The Ringed
‘Worms, which form one of the divisions of the -1 narthropoda.

AnNULOSA (Lat. annulus, aving). The sub-kingdom comprising the Scolecida,
Anarthropoda, and the Arthropoda or Articulate, in all of which the body
is more or less evidently composed of a succession of rings.

ANOMODONTIA (Gr. anomos, irregular; odous, tooth). An extinet order of
Reptiles, called by Huxley Dicynodontia.

ANOMURA (Gr. anomos, irregular; owra, tail). A tribe of Decapod Crustaceans
of which the Hermit-crabs are the type. 2

AxoPLURA (Gr. anoplos, unarmed ; oura, tail). An order of Apterous Insects.

ANOURA or ANURA (Gr. @, without; owra, tail). An order of Amphibia
comprising the Frogs and Toads, in which the adult is destitute of a

tail.

AxTENNE (Lat. antenna, a yard-arm). The jointed horns or feelers possessed
by the majority of the Arliculata.

ANTENNULES (diminutive of antenne). Applied to the smaller pair of antennwe
in the Crustacea. :

ANTHROPOID (Gr. anthropos, man; eidos, form). Applied to those Monkeys
which make the nearest approach in anatomical structure to Man.

APHANIPTERA (Gr. aphancs, inconspicuous; pteron, & Wing). An order of
Insects comprising the Fleas. .

APLACENTAL (Gr. @, withont ; Lat. placenta, a cake). Applied to those Mam-
mals in which the young is destitute of a placenta (see Placenta).

AprEROUS (Gr. @, without ; pteron, a wing). Destitute of wings.

Aquartic (Lat. aqua, water). Imhabiting water. .

Aquirerous (Lat. aqua, water; Jero, I carry). Applied to the water-carrying
canal-system of the Sponges. 3 v

ARrACHNIDA (Gr. arachné, a spider). A class of A rticulata, comprising Spiders,
Scorpions, and allied animals,

ARANEIDA (Lat. aranca, o spider).
true Spiders. A y iy

ARCHZOPTERYX (Gr. archaios, ancient; pteruz, wing). A fossil bird, which
alone constitutes the order Saurure,

ARENACEOUS. Sandy, or composed of grains of sand‘. ne

ARTHROPODA (Gr. arthres, a joint; podes, feet). The division of Aunulgg,
in which the body is furnished with jointed appendages. 2 2

ARTICULATA (Lat. articulus, diminutive of artus, a joint). Sometimes used {
the same sense as the term Azthropoda. : n

AnTIODACTYLA (GT. artios, even ; daktulos, a finger or toe). A division of th

The order of Arachnida, comprising the

hoofed quadrupeds (Ungulata) in which each foot has an even number of {
1}

two or four). .
Astglerfn()m,\ (Gr. askos, & bag or a leather bottle ; eidos, form), Somelime Y,

red to designate the Tunicata, an order of the lower Mollysy 3
:l':::px!ggcemblnnce o%nthe body in many cases to a two-necked jar. lusca, fropr )
Asexvan. Applied to modes of reproduction in which the sexes are not cons:
cerned (e.g., gemmation and fission).
ASTEROIDEA (Gr. aster, & star; and cu_los, form). 'An order of Zehinodermala
comprising the Star-fishes, characterised by their rayed form. s
Astoaarous (Gr. a, without ; stoma, mouth). Not possessing a month.
ATrrua (Lat. a hall). Arpllcd to the large chamber or ““cloaca,” into which
the intestine opens in the Tunicata.

7
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AvricLE (Lat. auricula, a little ear). Applied tp the cavity of°the heart which
drives the bldod into the ventricle.
AvEs (Lat. awis, a bird). The class of the Birds.

BALANCERS. The knobbed filaments which represent the posterior pair of wings
in Dipterous Insects ; also called ““poisers,”

BALANIDE (Gr. balanos, an acorn). A family of Cérripedia, commonly spoken
of as ¢ Acorn-shells.”

BaLEEN (Lat. balena, a whale). The horny plates which are placed in the
upper surface of the mouth of the true or “* whalebone” Whales.

BATRACHIA (Gr. batrachos, a frog). Generally applied loosely to any of the
Amphibia, but sometimes used to designate either the entire class of the
Amphibians, or the single order of the Anouwra.

Brrip. Cleft into two parts ; forked.

_Brwaxa (Lat. bis, twice ; manus, a hand). The order of Mammalia constituted

by Man alone.

BivaLve (Lat. bis, twice ; valvar, folding-doors). Composed of two plates or
valves ; applied to the shell of the Lamellibranchiata and Brachiopoda, and
to the carapace of certain Crustacea.

BLASTOIDEA (Gr. blastos, a bud ; eidos, form). An extinet order of Fehinoder-
mata, often called Pentremites.

BRACHIOPODA (Gr. brachion, the arm ; podes, feet). A class of the lower Mol-
lusca, often called ** Lamp-shells,” characterised by having two fleshy ciliated
¢ arms’ attached to the sides of the month.

BRACHYURA (Gr. brachus, short ; oura, tail). A tribe of Decapod Crustaceans
with short tails; commonly known as Crabs.

Bracr. Overlapping appendages or plates which protect the polypites in many
of the Oceanic Hydrozoa.

BRANCHIA (Gr. bragehia, the gill of a fish). A respiratory organ adapted for
breathing air dissolved in water.

BRANCHIATE. ~ Possessing gills.

BroxcHI (Gr. brogchos, the windpipe). The branches of the windpipe (trachea),
by which the air is conveyed to the lungs. X

BRUTA (Lat. brutus, heavy, stupid). Sometimes used to designate the Mam-
malian order of the Edentata. 1

BUCCA]L (Lat. bucca, mouth or cheeks). Connected with the mouth or
cheeks. <

Byssus (Gr. bussos, flax). The silky threads by which many Bivalve Molluscs
(such as the Mussels) attach themselves to foreign objects.

CADUCIBRANCHIATE (Lat. caducus, falling off; Gr. bragchia, gills). Applied
to those Amphibians in which the gills fall off’ before maturity is reached
(e.g., Newts and Frogs). | ] , ! :

Cx0AL (Lat. cecus, blind). Terminating blindly, orin a closeil extremity.

Cxou (Lat. caeus). A tube which ends in a blind extremity.

CALcAREOUS (Lat. cale, lime). Composed of carbonate of lime.

ALcE.  The little cup in which the polype of a coral-producing Zoophyte
(A ctinozovn) is contained. r
ALYCOPHORID A (Gr. Aaluz, a cup; phero, T carry). An order of the Oceanic

. Hydrozoa, so called from their possessing bell-shaped swimming:organs.
ALYX (Lat. a cup). Applied to the cup-shaped body of .the Bell-animalcule

. (Vorticella), or of the Crinoidea. o

(;‘AMP.\NULARIDA (Lat. campanida, a bell). A group of Sertularian Zoophytes.

CANINE (Lat. canis, a dog). The eye-tooth in the jaw of Mammals ; so called
be?‘mic it is particularly well developed in Dogs and other carnivorous
animals.

CARAPACE. ° A protective shield. Applied to the head-shield of Lobsters,
Crabs, and many other Crustaceans; and to the upper half of the bony case
in which the Tortoises and Turtles are enclosed. 3

C.gmk.\x\'{'&:] (Lat. carina, a keel). A sub-class of birds in which the breast-bone
is keeled.
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Car~N1vOoRA (Ldt. caro, flesh ; poro, T devour). An order of the Mammalia.

CARNIVOROUS. Living upon animal food. :

CARPUS (Gr. Larpos, the wrist). The small bones which intervene between the
fore-arm and hand. \

CATARHINA (Gr. fata, downwards ; 7hines, nostrils). A group of the Monkeys. \
(Quadrumand). - 3

CA]UI(){\L (Lat. cauda, the tail). Connected with the tail or hinder end of the
hody.

Cavicory1A (Lat. cavus, hollow; corni, a horn). The *‘hollow -horned”
Ruminants, in which the horn consists of a central bony *‘‘horn-core"
surrounded by a sheath of horn.

CENTRUM (Gr. Lentron, the point round which a circle is described by a pair
of compasses). The central portion or ‘“ body” of a vertebra.

CEPHALIC (Gr. Zephals, head).” Connected with the head.

CePHALOPODA (Gr. kephalé, head ; podes, feet). A class of the Mollusca, com-
prising the Cuttle-fishes and their allies, in which there is a series of arms
ranged round the head.

CEPHALOTHORAX (Gr. kephals, head ; thoraz, chest). The anterior division of
the body in many Crustacea and Arachnida, composed of the amalgamated
segments of the head and thorax.

CEREBRAL. Connected with the brain, or in a restricted sense with the
 cerebrum.” i !

CerepruyM. Sometimes employed in a general way to designate the entire
brain ; but properly restricted to the ‘‘hemispheres” of the brain, which
are believed to be concerned mainly with the discharge of the mental
functions.

CERVICAL (Lat. cerviz, the neck). Belonging to the neck.

CETACEA (Gr. Létos, a whale). An order of the Mammalia.

CHETOGNATHA (Gr. chaité, a bristle; gnathos, the jaw). A class of the
Anarthropoda. )

CHEIROPTERA (Gr. cheir, hand ; pteron, wing). An order of Mammalia.

CHELE (Gr. clielé, a claw). The prehensile claws with which certain of
the limbs are terminated in many of the Crustacee (such as Lobsters,
Crabs, &c.) AT

CHELONIA (Gr. chelone, a tortoise). An order of Reptiles. ; "

CHITINE (Gr. chiton, a coat). A peculiar chemical principle allied to horn,
which is found in the outer covering of many of the Invertehrata, especially
in Arthropoda (Insects, Scorpions, Crustaceans, &e.) :

CHLOROPHYLL (Gr. chloros, green ; phullon, leaf). The green colouring mat.

ter of leaves. .
CHRYSALIS (Gr. chrusos, gold). The motionless pupa of Butterflies and Moths,

so called because often exhibiting a golden lustre. .
CHYLE (Gr. chulos, juice). The milky fluid which is the result of the action of /

the various digestive fluids upon the food. x ,
cuyLiric (Gr. chulos, juice ; Lat. facio, 1 make). Applied to one of the ?{

stomachs, when more than one is present. = ‘
CuyME (Gr. chumos, juice). The acid pasty liquid produced by the actigy of f,
the gastric juice upon the food. A Ny oS (§
Crnia (Lat. cidiwm, an eyelash). Microscopic, hair-like ﬁlanents, which bave |
the power of lashing backwards and forwards, thus creating currents iy h |
surrounding fluid, or subserving locomotion 1n the animal which POSSesség )
them.
Cmnem (Lat. cirrus, curl). Tendril-like appendages, such as the feet of Bkl
nacles, and Acorn-shells (Cirripedia), the lateral processes on the ersuz <
\

Bracliopods, &c.. 55
CrrripeDIA (Lat. cirrus, a curl ; pes, a foot). A division of the Crustaceq with

curled jointed feet.
CL«\DOCBI{‘\ (Gr. Kados, & branch ; Zeras, a horn). An order of Crustacea with

branched antenna. [
CravicLe (Lat. claviculn, & little key). The collar-bone of the pectoral or

scapular arch.
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CroacA (Lat. a sink). The common cavity into which opef the intestinal
canal and the ducts of the generative and urinary organs in many Inverte-
brates and some Vertebrates.

Cxmna (Gr. knidé, a nettle). The urticating cells (‘*thread-cells”) whereby
many of the Celenterata obtain their power of stinging.

CocooX (Fr. cocon, the cocoon of the silk-worm). The outer covering of silky
hairs with which the pupa or chrysalis of many insects is protected.

CELENTERATA (Gr. koilos, hollow ; enteron, the Lowel). The sub-kingdom
which includes the Hydroza and Actinozoa, the most typical members of
Cuvier's division of the Radiata.

CENosARC (Gr. koinos, common ; sarz, flesh). The common organised medium
or stem by which the separate zovids of a compound Hydrozoin or Actinozoin
are united together.

CoLEOPTERA (Gr. Xoleos, a sheath; pteron, a wing). The order of Insects
(Beetles) in which the anterior wings are hardened, and form protective
sheaths for the posterior membranous wings.

CoLuMBACE! (Lat. columba, a dove). The subdivision of the Rasorial Birds
containing the Doves and Pigeons.

CoNDYLE (Gr. Londulos, a knuckle). The surface by which one bone is jointed
or articulated to another. Applied especially to the articular surfaces by
which the head is jointed to the vertebral column.

CONIROSTRES (Lat. conus, a cone ; zostrum, a beak). The division of Perching
Birds with conical beaks.

CorepopA (Gr. kopé, an oar; podes, feet). An order of Crustaced.

CoracoID (Gr. koraz, a crow ; eidos, form). One of the bones which form the
scapular arch in Birds, Reptiles, and Monotremata. In the majority of
Mammalia it is a mere process of the scapula, and in Man its shape is some-
thing like that of the beak of a crow ; hence its name.

CoRrALLITE. The entire coral of a simple Actinozoon, or the portion of a com-
pound coral which belongs to, and is secreted by, a single polype.

CorarLuy (Lat. for red coral). The hard structures deposited in or by the
tissues of any Actinozoin—commonly called a “coral.”

CORPUS 0ALLOSUM (Lat. the  firm hody”). The great band of nervous matter
which unites the two hemispheres of the brain in the Mammalia.

CoRrpUSCULATED (Lat. corpusculum, a little body or particle). Applied to
fluids which, like the blood, contain floating solid particles or ¢ corpuscles.

CORTICAL LAYER (Lat. cortex, bark). The layer of consistent sarcode which
encloses the central *abdominal cavity ” in the Jnfusoria and is covered by
the cuticle.

CORYNIDA (Gr. Zoruné, a club). An order of Hydroid Zoophytes.

Costar (Lat. costa, a rib). Connected with the ribs. 4 %

CRrANTOM (Gr. kranion, the skull). The bony or cartilaginous case n which
the brain is contained. ?

CRASPEDA (Gr. Eraspedon, a margin or fringe). The long, convoluted cords,
containing thread-cells, which are attached to the free margins of the mesen-
eries in a Sea-anemone. . . <

REpuscuLar (Lat. erepusculum, dusk). Applied to animals which are active
n the dusk or twilight. A
RINOIDEA (Gr. krinos, a lily; eidos, form). An order - of Eehinodermate
comprising forms which are usually stalked, and sometimes resemble lilies

\KOCODILIA (Gr. Zrolodeilos, a crocodile). An order of Reptiles.
“ROP. A partial dilatation of the gullet, technically called ‘“ ingluvies.
times it has the form of a membranous bag appended to the gullet. "
CRUSTACEA (Lat. crusla, a crust). A class of Articulate animals, comprising
Crabs, Lobsters, &ec., characterised by having a hard shell or crust, which
they cast periodically. {
CTeNOID (Gr. Eteds, a comb ; eidos, form). Applied to those scales of fishes,
the.hm_der margins of which are fringed with spines or cut into comb-like
projections. .
CTENOPHORA (Gr. Kfeis, a comb ; phero, I carry). An order of Actinozoa,

" Some-
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comprising deeanic creaturgs, which swim by means of *ctenophores,” or
bam\s of cilia arranged in comb-like plates. 4

CURSORES (Lat. curro, I tun),  An order of Birds, comprising birds in which
there is no power of flight, but the body is formed for running vigorously.

CuricLE (Lat. eulicula, diminutive of cutis, skin). The transparent pellicle
which forms the outer layer of the body in Infusoria. The outermost layer
of the integument generally. :

Cycrorp (Gr. kuklos, a circle ; eidos, form). Applied to those scales of fishes
which have a regularly circular or elliptical outline.

Cystic (Gr. Fustis, a bladder). Applied to the embryonic forms of the Tape-
worms which were originally deseribed as a distinet order of Parasitic
Worms under the name of Cystice, or ““ Bladder-worms.” !

CySTOIDEA (Gr. Zustis, a bladder; eidos, form). An extinct order of Lchino-
dermala.

CyTODE (Gr. Zutos, a vessel or cell ; eidos, form). A minute mass of proto-
plasm resembling a true cell, but destitute of a nucleus, and without 2 proper
wall.

DECAPODA (Gr. deka, ten ; podes, feet?. The division of Crustacea with ten
legs adapted for walking (e.g., Crabs and Lobsters). Also, the family of

Cuttle-fishes (Cephalopoda) in which the mouth is swrrounded by ten pro- \

cesses or ‘‘arms.”

DEecibvous (Lat. decido, 1 fall off). Applied to parts which fall off or are shed
during the life of the animal.

DEINOCERATA or DINOCERATA (Gr. deinos, terrible ; Leras, horn). An extinct
order of Tertiary Mammals.

DEINOSAURIA or DiNosaumia (Gr. deinos, terrible; saiura, lizard). An ex-
tinet order of Reptiles.

DENTAL (Lat. dens, a tooth). Connected with the teeth. \

DENTIROSTRES (Lat. dens, a tooth; rostrum, bLeak). The division of the
{’ertc]hix{g Birds in which the upper mandible of the bill has its lower margin
oothed.

DrarHRAGM (Gr. diaphragma, a partition). The “midriff,” or the muscle
which in Mawmmalia separates the cavity of the chest from that of the
abdomen. 1

DIBRANCHIATA (Gr. dis, twice; bragchia, gills). The order of Cephalopoda
(comprising the Cuttle-fishes, &c.) in which only two gills are present.

DicyNopoNTIA (Gr. dis, twice; Fuon, dog; odous, tooth). An extinet order
of Reptiles, called by Owen sAnomodontia.

Dicit (Lat. digitus, a finger). A finger or toe.

DicimiGrapA (Lat. digitus, a finger; gradior, I walk). The division of
Carnivora in which the animal walks upon the tips of the toes.

Diexor (Gr. dis, twice ; pnog, breath). The order of Fishes represented by the
Lepidosiren.

DipTERA (Gr. dis, twice ; pteron, a wing). An order of Insects characteriseq
by the possession of two wings only. 3

DiscorHORA (Gr. diskos, a quoit, or round plate; phero, T carry).  The {

£

Meduse, or Jelly-fishes, so called from their form. Also the ordel)' of t}
Leeches (Hirudinea), from the suctorial dises which they possess. 5 [
Distan. Applied to the quickly growing end of the hydrosoma of g 7~ |
zoom ; also to the end of a limb, or any portion of a ?imb, furthest rewover //
from the trunk. ) 3 Csy7
Diuryar (Lat. déwrnus, daily, by day). - Applied to animals which are acti {/Q
during the day. y 1V
Dorsaw (Lat. dorsum, the back). Connected with the region of the back. ’

ECHINODERMATA (Gr. echinos, a hedgehog ; derma, skin), A o Stal
comprising the Sea-urchins, Star-tishes,’ and o{;lxers,) most;“]c:lt:s S\ﬁiglflgz‘v:
spiny skins. . y

ECHINOIDEA (Gr. echinos, a hedgehog ; eidos, form). An order of Echinoder-
mata, comprising the Sea-urchins. g

/

/]

f
J



GLOSSARY. 367

Ecrocyst (Gr. eltos, outside ; Lustis, a bladder), The externyl investment of
the polypide of a Polyzoin. 4

ECTODERM (Gr. ektos, outside; dermma, skin). The external integumentary
layer of the Cwlenterata.

EpeNTATA (Lat. e, without; dens, tooth). An order of Mwmmalia, in which
some or all of the teeth are wanting. Often called Brute.

ELASMOBRANCHII (Gr. elasma, a strap ; bragehie, gill).  An ovder of Fishes,
including the Sharks and Rays.

Eryrra (Gr. elutron, a sheath). The hard chitinous anterior pair of wings
in the Beetles, which form protective cases beneath which the posterior
membranous wings can be folded. ;

ExpocysT (Gr. endon, withinj kustis, a bag). The inner membrane of the
polypide of a Polyzoin.

ExDODERM (Gr. endon, within ; derina, skin). The inner integumentary layer
of the Calenterala.

ExpOSKELETON (Gr. endon, within ; skeletos, dry). The internal hard struc-
tures, such as bones, which serve for the attachment of muscles, or the
protection of organs, and which are not merely produced by a hardening of
the integument. ‘

ENTOMOSTRACA (Gr. entoma, insects; ostrakonm, shell).  Literally, ‘Shelled
Insects ;" applied to a division of the Crustacea.

ExT020A (Gr. entos, within; zoir, animal). Animals which live parasiticaily
in the interior of other animals. .

EQUILATERAL (Lat. eaquus, equal; ‘atus, side). Having its sides equal.
Usually applied to the shells of the Brachiopoda.

EQUI\'AL\'E% Lat. wquus, equal ; valve, folding-doors), Applied to shells which,
like tlhose of most of the Lamellibranchiata, are composed of two equal pieces
or valves.

ErraNtia (Lat. errn, T wander). An order of Annelide, comprising forms
whicl are capable of active locomotion.

El;m‘vrmm.\ (Gr. ewrus, broad ; pleron, wing). A group of extinct Crus-
acea.

EXOSKELETON (Gr. exo, outside; skelefos, dry). Under this term are com-
prised all structures which are produced by a hardening of the integument.

FEMUR. The thigh-bone, intervening between the pelvis and the bones of the
leg proper (tibie and jibula). :

Fisura (Lat. a brooch). The outermost of the two bones of the leg in the
higher Vertebrata.

FIS]SIO.\' (Lat. sindo, I cleave). Multiplication by means of a process of self-
division.

F1ssirosTrES (Lat. fissus, cleft ; zostrum, beak). A sub-order of the Perching
Birds, in which the beak can be opened to a great width.

FrLaGerruy (Lat. a whip). Vibratile filaments,‘allied to cilia, but differing in
being much longer, and generally present only in small numbers.
007, ~ The muscular organ developed on the under surface of the body in the

higher Mollusea, and subserving ocomotion. ,
00T-7AWS. The limbs of Crustacea, which are so modified as to subserve

P Inastication. |

00T-TUBERCLES. The unjointed lateral appendages of the Annelida, which
Subserve locomotion, but are not articulated to the body.
ORAMINIFERA (Lat. foramen, an aperture ; fero, I carry). An order of Pro-
‘Ozga, usually characterised by having a shell perforated by numerous holes
or ““foramina,” through which the pseudopodia are emitted.

FRUGIVOROUS (f.;at. Jfruz, fruit ; voro, L devour). Living upon fruits.

FUA}’.\'EI-- The stomach.sac of the Ctenophora; the muscular tube of the
Cuttle-fishes by which the water filling the mantle-cavity is ejected.

Forcurua, properly Furcura (Lat. diminutive of furca, a fork). The V-shaped
bone or ‘“merry-thought ” of birds, formed by the united clavicles.

GALLINACET (Lat. gallina, a fowl). Often applied to the entire order of the
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Rasorial Birds, but proper}y restricted to that section of the Rasvres of
which the common fowl is a typical example.

(FANGLION SGr. gagglion, a knot). A mass of nervous matter containing nerve-
cells, and giving origin to nerve-fibres.

GaxoID (Gr. ganos, splendour ; eidos, form). Applied to those seales of fishes
which are composed of bone, with an outer layer of polished enamel.

GaxoIDEL.  An order of Fishes now mostly extinct.

GaSTEROPODA (Gr. gaster, belly ; podes, feet). The class of the Mollusca,
comprising the ordinary Univalves, in which locomotion is nsually effected by
creeping about on a flattened ““foot.”

GeaMaTION (Lat. gemmma, a bud). The production of fresh structures by a
process of buddinf.

GEPHYREA (Gr. gephwra, a bridge). A class of the «narthropoda.

G1zzARD. A muscular division of the stomach in Insects, Birds, &c.

GoNOPHORE (Gr. gonos, offspring ; phero, I bear). The generative buds, or
receptacles of "the reproductive elements, in the Hydrozoa, whether these
become detached or not.

GONOSOME (Gr. gonos, offspring ; soma, body). Applied collectively to the
assemblage of the reproductive buds of any Hydrozoin.

GRALLATORES (Lat. gralle, stilts), The order of the Wading Birds. | ‘

GraNivorous (Lat. granum, a grain or seed ; voro, I devour). Living upon
grains or other seeds. 5

GRAPTOLITIDE (Gr. grapho, I write ; lithos, stone). An extinet sub-class of
the Hydrozoa. X

GREGARINID.E (Lat. gregarius, oceurring in numbers together). A class of the
Pratozoa.

GuLLET. The tube which leads from the throat to the stomach.

HzEMAL (Gr. haima, blood). Connected with the blood-vessels, or with the
circulatory system.

HaLLux (Lat. Zallex, the thumb or great toe). The innermost of the five digits e
which normally compose the Zind-foot of a Vertebrate animal.  The great {

toe of man.
HecTocoTyYLUs (Gr. hekaton, a hundred ; Lotulos, a cup). One of the “ armg
of the male Cuttle-fishes, metamorphosed for reproductive purposes, :
HEeL10Z0A (Gr. helios, sun; zoin, animal). An order of Protozoa, with radiating
ndopodia. ) i
H;‘j.\sxin.n'lm\ (Gr. kemi, half ; elutron, a sheath). '1‘l'|e wing of certain In_Sects 1
(Hemiptera), in which the inner portion of the wing 1S hardened hy chitine,
and resembles the elytron of a beetle. U
HEMIMETABOLIC (Gr. Zemi, half ; melabolé, change). Ap]}he(l to those Insects
which undergo an incomplete metamorphosis. .
HEMIPTERA (Gr. kemi, half; pleron, wing). An order (‘)‘f Insects so calleq /
because the anterior wings are sometimes in the {orm Yo{ hemelytra, ’:
HERMAPHRODITE (Gr. Hermes, Mercury ; Aphrodite, Venus). Possessing the
organs of both sexes combined. 7 ‘ : £
HETEROCERCAL (Gr. Zieteros, diverse ; kerkos, tail). Applied to the tail of fishes
when it is unequally lobed. : A K
HETEROGENEOUS (Gr. heteros, diverse ; genos, kind). Unlike or dissimilg, )

-

kind. |
HE';E;!O.\[ORPHIC (Gr. heteros, diverse ; morphé, shape). Differing in form 1 /
hape.
Hg';g{:ovon,\ (Gr. heteros, diverse ; podes, feet). An order of Gastempodo

Molluses. )
Hllx,lghrlzqfnt. a little thing). A small aperture or depression. .
Hinupisea (Lat. kirudo, a horse-leech). The order of Annelida comprising \

the Leeches. :
Ho[l,gcx-:pﬂ,\u (Gr. holos, whole; kephalé, head). A sub-order of the Zlasmg.

branchit. .

HoLoMETABOLIC (Gr. /iolos, whole ; metabolé, change). Applied to those Insects
which undergo a complete metamorphosis.
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HOLOTHUROIDEA (Gr. kolothourion). The order of Eckinodermuta, comprising
the Sea-cucumbers.

HOMOCERCAL (Gr. komos, same ; kerkos, tail). Applied to the tail of fishes
when the two lobes are equal.

HoM0GENEOUS (Gr. homos, same; genos, kind). Of like kind or nature,

Hoxorocous (Gr. komos, same ; logos, a discourse). Applied to parts which
are constructed upon the same fundamental plan,

HoMOMORPHOUS (Gr. komos, same ; morphé, form). Having a similar external
appearance or form.

Huamervus. The bone of the upper arm in Vertebrata.

I’I\'DATID](GI‘. hudalis, a vesicle). The bladder-worm of one of the tape-worms
of the dog.

Hypra (Gr. Zudra, a water-serpent). The generic name of the Fresh-water
Polypes.

HYDR}(V)IIDA (Gr. hudra ; and eidos, form). The sub-cluss of the Hydroza, con-
taining the animals most nearly allied to the Hydra. Ofterfspoken of as the
Hydroid Zoophytes.

HyDpRORHIZA (Gr. Audra ; and rhiza, root). The adherent base or proximal
extremity of any Hydrozoin.

HyprQsoMA (Gr. Ahwdra; and soma, body). The entire organism of any
Hydrozoin.

HyYDROTHECA (Gr. hudra ; thelé, a case). The little chitinous cups in which
the polypites of the Sertwlarida and Campanularide are protected.

Hyprozoa (Gr. lwdra ; zoim, animal). '1‘{10 class of the Calenterata which
comprises animals constructed after the type of the Hydra.

HYMENOPTERA (Gr. Zumen, a membrane ; pleron, a wing). An order of Insects
(comprising Bees, Ants, &c.) with four membranous wings.

Hyorp (Gr. U eidos, form). A bone which supports the tongue, and which
derives its name from its resemblance in man to the letter U.

HYRACOIDEA (Gr. Aurax, a shrew ; eidos, form). An order of Mammalic.

TcATHYOMORPHA (Gr. ichthus, a fish ; morphé, shape). An order of Amphibia,
. comprising the fish-like Newts, &e. .
ICHTHYOPHTHIRA (Gr. ichthus, a fish ; phtheir, a louse). An order of
Crustacea. Faa)
TcHTEYOPSIDA (Gr. ichthus, fish; opsis, appearance). The primary division of
the Vertebrata, which includes the two classes of the Amph.ibza.nnd Pisces.
ICHTHYOPTERYGIA (Gr. ichthus, a fish ; pteruz, a wing). An extinct order of
Reptiles.
ICHTll-lYOSAURIA (Gr. ichthus, a fish; sawra, a lizard). An extinct order of
Reptiles.
IM‘\Gg (Lat. an image or apparition). The perfect insect, after it has passed
through all its metamorphoses.
Incisor (Lat. incido, I cut). The cutting teeth fixed in the front of the npper
jaw, and the corresponding teeth in the lower jaw, of the Mammalia.
NEQUILATERAL. Having the two sides unequal, as is the case with the shell
of the ordinary bivalves (Lamellibranchiata). .
! INEQuivarLve. Composed of two unequal pieces or valves, as is the case with
the shells of the Brachiopoda.
' INFUsoRTA (Lat. énfuswm, an infusion). A class of Profozoa, so called from
their frequent occurrence in organic infusions.
INsEoTa (Lat. inseco, I cut into). The class of Articulate animals commonly
_ known as Insects.
I .\'sxzc,;x:xvonA (Lat. imsectum, an insect ; voro, I devour). An order of Mam-
malia.
INSECTIVOROUS. Living upon Insects. .
INTERAMBULACRA (Lat. nter, between ; ambulacrum, a place to walk in). The
TOWS 191' plates in an Zehinws which are not perforated for the emission of the
tube-feet.
INTUSSUSCEPTION (Lat. infus, within; suscipio, I take up). The act of taking
foreign matter into a living being.

24
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INVERTEBRATA((Lat. in, without; zertebra, a bone of the back). Animals
without a spinal column or ‘backbone.

Isoropa (Gr. is0s, equal ; podes, feet). An order of Crustacea in which the
feet are equal and like one another.

Lasruy (Lat. for lip). Restricted to the lower lip of Articulate animals. \

LaBruy (Lat. for lip). Restricted to the upper lip in Articulate animals. 5

LABYRINTHODONTIA (Gr. laburinthos, a labyrinth ; odous, a tooth). An extinct
order of Amphibia. 2,5

Lacertinna (Lat. lacerta, a lizard). An order of Replilia, comprising the
Lizards and Slow-worms,

LaMoDpIropA (Gr. laimos, throat ; dis, twice ; podes, feet). An order of Crus-
tacea with two legs under the throat.

LAMELLIBRANCHIATA (Lat. lamella, a plate ; Gr. bragehia, gills). The class of
Mollusca comprising the ordinary Bivalves with leaf-like gills.

Larva (Lat. a mask). The insect in its first stage after its emergence from
the egg, when it is usually very different from the adult.

LEPIDOPTERA (Gr, lepis, a scale ; pleron, a wing). The order of Insects, com-
prising the Butferflies and Motbs, characterised by having four wings usually
covered by minute scales.

LiNguaw (Lat. lingua, tongue). Connected with the tongue. . 2
LUCERNARIDA (Lat. lucerna, a lamp). An order of the Hydrozoa. \\
LusBar (Lat. lumbus, a loin). Connected with the loins.

MACRURA (Gr. malkros, long ; oura, tail). A tribe of Decapod Crustaceans &
with long tails (e.g., the Lobster, Shrimp, &c.) '

MADREPORIFORM. Perforated by small Kolcs, like a coral (or madrepore), \
a Ylied to the spongy tubercle by which the water-vascular system of

iinoderms mostly communicates with the exterior.

MALACODERMATA (Gr. malakos, soft ; derma, skin). Applied to a group of
the Actinozoa, comprising the soft-skinned Sea-anemones,

MALLOPHAGA (Gr. mallos, a fleece ; phago, 1 eat). An order of Insects, com-
prising the Bird-lice.

ManmMALIA (Lat. mamma, the breast). The class of Vertebrate animals which
suckle their young,

MaxpiBLE (Lat. mandibulum, a jaw.) The mandibles are the first pair of
Jjaws in Insects and Crustaceans. Tn Spiders they are the modified antenng.
In Cephalopods they constitute the horny beak. The lower jaw of Verte-
brates is the mandible,

ManTLE. The external integument of most of the Mollusca, which is largely
deyeloped, and forms a cloak for the internal organs. Technically called the
‘¢ pallium.” X

MaxuBRIUNM (Lat. 2 handle). The central polypite which is suspended from
the roof of the swimming-bell of a Medusa or medusiform gonophore amongst
the Hydrozoa. at

MARSIPOBRANCHIL (Gr. marsipos, a pouch ; bragchia, gills). An order of Fishes
comprising the Hag-fishes and Lampreys, with pouch-like gills. %

MaRrsUPIALIA (Lat. marsupium, a pouch). An order of Mammals,
the females are usually furnished with an abdominal pouch in w
young are carried,

i\%asnomoxg (Lat. ﬂu;st}al'co(,ll chew). Adapted for chewingi.
EDUSZE. group ol Lydrozoa, commonly known as Jelly.
because of the resemblance of their tentacl)es to the snaky hc)\ixfi (S)lflﬁl’eslt\)lcc(:l‘lll].ed

g}xnvsmonn.L }\Rese!jllbl;ng a Médusa in shape. S
EDUSOID., Like a Medusa. Used as a noun to desi i

Mgememt.ive buds (gon(cﬂ)léoregx)t oflthe Iydrozoa. guate the medusiform ]
EMBRANA NICTITANS (Lat. nicto, Iwink). The third eyeliq in Bi

MEROSTOMATA (Gr. méron, thigh ; stoma, mouth). gn or(}:arre ?)efnz':-lz]lgtlzﬂaﬁ’.&c' ;

MESENTERIES (Gr. mesos, intermediate ; enteron, intestine) The membrane
by which the intestine is attached to the walls 1

A < of the . Inare-
stricted sense, the vertical plates which divide the somu:i};d ?::ir(i’?y ofno, Sea-
anemone into chambers.

in whicl
hich the

)
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Meracaneus (Gr. meta, after ; karpos, the wrist). The bones which form the
oot of the hand,” and intervene between txe wrist and the fingers.

METAMORPHOSIS (Gr. mefa, denoting change ; morph?, form). The changes of
form which certain animals undergo in passing from their younger to their
fully-grown condition. ]

METATARSUS (Gr. meta, after ; Larsus, the instep). The bones which intervene
between the instep (tarsus) and the digits in the hind-foot of the higher Ver-
tebrates.

Mgrazoa (Gr. metd, beyond ; zoim, animal). A name applied collectively to
all animals except the Protozoa, the latter being unicellular, while all other
animals are multicellular. :

MOLARS SLnt. mola, a mill). The ““grinders” in man ; or the teeth in Mam-
mals which are not preceded by milk-teeth.

Morrusca (Lat. mollis, soft). The sub-kingdom which includes the true
Shell-fish, the Polyzoa, the Sea-squirts, and the Lamp-shells.

MoLLUsSCOIDA (Mollusca, and Gr. eidos, form). The lower division of the
Mollusca, comprising the Polyzoa, the Sea-squirts (Tunicate), and the
Lamp-shells (Brachiopoda).

MoONERA (Gr. monéres, single). An order of Protozoa, comprising animals
composed of simple undifferentiated sarcode.

MoxoTHALAMOUS (Gr. monos, single ; thalamos, a chamber). Consisting of
only a single chamber. Applied to the shells of Foraminifera and Mollusca.

-~ MONOTREMATA (Gr. monos, single : {réma, an aperture). The order of Mam-
mals, comprising the Duck-mole and the Spiny Ant-eater, in which the in-
testinal canal opens into a *“ cloaca” common to the ducts of the urinary and
generative organs.

MORPHOLOGY (morphé, form ; logos, discourse). Plie science of the external
Jorm x‘md internal structure of the various parts and organs of different
animals. .

MurtivaLve (Lat. multus, many; valve, 10lding-doors). Applied to shells
which are composed of more than two pieces or valves.

Mynriaropa (Gr. murios, ten thousand ; podes, feet). A class of Articulate
animals, comprising the Centipedes and their allies, characterised by the
possession of numerous feet, Often, and philologically more correctly, spelt

Myriopoda.

NaraTores (Lat. nare, to swim). The order of the Swimming Birds.
Naratory. Adapted for swimming.

NavriLomp. Shaped like the shell of the Nautilus.
NECTOCALYCES (Gr. nécho, 1 swim ; kaluz, & cup).

the Oceanic Hydrozod. : - Wl
NEMATODA or NEMATOIDEA (Gr. néma, & thread ; eidos, form). The division

of the Scolecida comprising the Thread-worms and Round-worms.

~ Nervuges (Lat. nervus, & sinew). The ribs which support the membranous
wings of insects. .

Neurar (Gr. newron, & nerve). Connected with the nervous system.

Nreurorrera (Gr. neuron, & NEIVe; pleron, a wing). An order of Insects in
which the wings are membranous ngul have numerous interlacing nervures.

}iOCTUm\’AL (Lat. nox, night). Applied to animals which are active at night.
ORMAL (Lat. norma, a rule). Conforming to tl}e ordinary standard.

Norocsorp (Gr. natos, the back ; chordé, a string). A cellular rod swhich is
developed in the embryo of Vertebrates immediately beneath the spinal cord,
and which is usually replnced in the adult by the vertebral column.

NucLeoLus. 'The minute solid particle found in the interior of the nucleus of
some cells. Also the minute body attached to the exterior of the ¢ nucleus ”
of certain of the Infusoria. -

NucrLevus (Lat. a kernel), The solid or vesicular body found in the interior of
many cells ; also the solid rod, or band-shaped body, found in the interior of
many of the Protozoa.

NUDIBRANCHIATA (Lat. mudus, naked ; Gr. bragehia, gills). An order of the
Gasteropoda in which the gills are naked. i

The swimming-bells of
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Oceaxic. Applied to animals which inhabit the open ocean.

0cToPODA (Gr. octo, eight; pdles, feet). The tribe of Cuttle-fishes with eight
arms round the head.

ODONTOLCE (Gr. odous, a tooth ; hollos, a furrow). An order of extinct Birds,
comprising only the genus Hesperornis, in which the teeth are sunk in a
deep groove.

OpoNTOPHORE (Gr. odous, a tooth ; ‘phero, I carry). The so-called ‘‘tongue”
or masticatory apparatus of the Gasteropoda, Pteropoda, Cephalopoda.

ODONTORNITHES (Gr. odous, tooth ; ornis, bird). The extinct sub-class of
Birds comprising forms with distinet teeth in sockets.

ODONTOTORME (Gr. odous, a tooth ; tormos, a socket). An order of extinct
Birds, comprising Zchthyornis only, in which the teeth are sunk in sockets.
(EsopHacUs. The gullet, or the tube by which the food is conveyed from the

mouth to the stomach.

OLIGOCHETA (Gr. oligos, few ; chaité, bristles). An order of the Annelida,
comprising thedlarth-worms.

Oxasu (Lat. bullock’s tripe). The third stomach of Ruminants, commonly
called the ‘‘ psalterium.” Y

OMx1vorous (Lat. omnia, everything ; voro, I devour). Feeding indiscrimin-
ately upon all kinds of food.

OpercULUM (Lat. a 1id). The shelly or horny plate by which the shell of a
Univalve Molluse is closed when the animal has retired within it; also the \
chain of flat bones which covers the gills in many fishes.

OrPHIDIA (Gr. oplis, a serpent). The order of Reptiles comprising the Snakes, 11; /(ﬂ

OpPHIOMORPHA (Gr. ophis, o serpent ; morphé, shape). The order of Amphibia
comprising the Cacilice. i

OPHIUROIDEA (Gr. opkis, a serpent; owra, tail; eidos, form).  An order of
Echinodermata comprising the Brittle-stars and Sand-stars. J

OPISTHOC®LOUS (Gr. opisthen, behind; koilos, hollow). Applied to verte-
bree, the bodies of which are hollow or concave behind, and convex in front.

ORAL (Lat. os, the mouth). Connected with the mouth.

ORTHOPTERA (Gr. orthos, straight ; pteron, a wing). An order‘ ?f Insects,

Oscura (Lat. diminutive of os, mouth). The large apertures (‘‘exhalant aper-
tures ) by which a sponge is perforated.

OSTRACODA (Gr. ostrakon, a shell; eidos, form). An. order of small Crns-
taceans which are enclosed in bivalve shells. »

Oviparous (Lat. ovwm, an egg: pario, 1 bring forth). Applied to animals
which bring forth eggs, in contradistinction to those which bring forth their

roung alive.

Ot?mos?'ron (Lat. ovum, an egg ; pono, 1 place). The organ possessed by some
insects, by means of which the eggs are placed in a position suitable for
their development. y . ;

Ovisac. The external bag or sac in which certain of the Invertebrata carry
their eggs after they are extruded from the body. ; :

Ovo-viviparous (Lat. cvum, an egg; wvivus, alive; pario, I bring forth),
Applied to animals which retain their eggs within the body until they are
hatched. i 0 s

Ovux (Lat. an egg). The germ produced within the ovary, and capable ungey
certain conditions of being developed into a new individual. ¥

DERMATA (Gr. pachus, thick ; derma, skin). An old Mammalian o, J
PAC%}:];&:'I 1ted by Cuvier for the reception of the Elephant, Rhinoceros, Hipgf;f ,
potamus, &c. ! ) x /

PALLiAL. Connected with the mantle or ¢ pallium,

ParLivy (Lat. a cloak). The “mantle™ of the Mollusca.

Parer (Lat. palpo, 1 touch). Processes supposed to be organs of toyep.
developed from certain of the organs of the mouth in various Articylate
animals, and from the sides of the mouth in tlle'Bx\'nlvc Molluses,

Parruna (Lat. for a nipple). A minute soft prominexnce. )

PARAPODIA (Gr. para, beside ; podes, feet). The lateral locomotive processes
or ‘foot-tubercles” of many of the Annelida,

\

|
{
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J

P,\;zn-:{.\ti (Lat. paries, a wall). Connected with the walls of a cavity or of
the body. v

P‘_\RIETO-S)PLA.\'CHNIC (Lat. paries, a wall; Gr. splagchnon, an internal organ),
Appued to one of the nervous ganglia of the Afollusca, which supplies the
walls of the body and the viscera. -

Paraciunm (Lat. the border of a dress). Applied to the expansion of the
integument by which Bats, Flying Squirrels, and other animals support
themselves in the air.

PectroraL (Lat. pectus, the breast). Connected with the chest.

Pepan (Lat. pes, the foot). Connected with the foot ; generally used in con-
nection with the Mollusca.

PEDICELLARLE (Lat. pedicellus, a louse). Curious appendages found in many
Echinoderms, attached to the surface of the body, and resembling a little
pair of pincers supported on a stalk.

Peprparer (Lat. pes, foot; palpo, 1 feel). An order of Araehnida comprising
the Scorpions, &c. :

PEDUNCULATED (Lat. ‘?cdunmlus, a stem). Supported upon a stem or stalk.

PeLvis (Lat. basin). The bony arch with which the lower or posterior pair of
limbs is connected in many Vertebrata.

PERENNIBRANCHIATA (Lat. perenats, perpetual ; Gr. bragehia, gills). Applied
to those Amphibia which retain their gills throughout life.

PERISSODACTYLA (Gr. perissos, uneven; daltulos, finger). Applied to those
Hoofed Mammals ( bnguluta$ which have an uneven number of toes. i
PERIVISCERAL (Gr. peri, around ; Lat. viscera, the internal orgaus). Applied

to the space surrounding the viscera in most animals. X

PHALANGES (‘((}r. phalanz, a row). The small bones composing the digits of
the higher Vertebrates. Normally each digit has three phalanges.

PHARYNGOBRANCHII (Gr. pharugz, the pharynx ; bragehia, gills). The order
of Fishes comprising only the Lancelet.

PHARYNX. The upycr part of the gullet.

PHYLLOPODA (Gr. phullon, leaf ; podes, feet). An order of Crustacea.

PHYSOPHORIDE (Gr. phusa, bellows or air-bladder ; phero, I carry). An order
of Oceanic Hydrozoa. A

PINNE (Lat. pinna, a feather). Lateral processes, applied especially to the
processes of the arms of Crinoids, or of the tentacles of Alc‘_uouaﬂa. 4

PINNIGRADA (Lat. pinna ; and gradior, 1 walk). The family of Carnivord,
comprising the Seals and Walruses, adapted for an aquatic life. h

Plsct:]s (Lat. piscis, a fish). The class of the Vertebrata comprising the
Fishes. ;

PrAaceENTA (Lat. a cake). The ¢“after-birth,” or the organ by which a vascular

+ connection is established in the higher Vertebrata between the mother and
the young animal previous to its birth. ]

PLACENTAL. Possessing a placenta, or connected with the placenta.

Pracomp (Gr. plaz, a plate; eidos, form). Applied to the 1r3'cgulnr bony
plates, grains, or spines which are found in the skin of various fishes.
LAGIOSTOMI (Gr. plagiovs, transverse ; stoma, mouth). The Sharks and Rays,
in which the mouth i3 transverse, and is placed on the under surface of the
head.

PrANARIDA (Gr. plans, wandering). A group of the Scolecida.
LANTIGRADA (Lat. planta, the sole of the foot; gradior, I walk).
gl‘ouplof the Carnivore in which the sole of the foot is applie
ground.

PLANTIGRADE. Walking upon the soles of the feet.

PLASTRON (Gr. emplastron, a plaster). The ventral shield of the case of the
Tortoises and Turtles (Chelonia).

PLATYRHINA (Gr. platus, broad ; rhines, nostrils). A group of the Quadri-
mand.

Pm-:smsf\unm (Gr. plesios, near; saure, a lizard). An extinet order of
Reptiles.

Prurkvus (Lat. a shed). The larval form of the Sea-urchins (Echinus).

PNEUMATIC (Gr. prewma, air). Filled with air.

The
to the
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OCEANIC. Applied to animals which inhabit the open ocean, s

Ocroropa (Gg.p yclo, eight; pekles, feet). The tribe of Cuttle-fishes with cight
arms round the head. ) .

OpoxToLeo® (Gr. odous, a tooth : holkos, a fun—ow)_. An order of extinct ?l'rds, 4
comprising only the genus Hesperornis, in which the teeth are sunk in a \
deep groove. i) 5

ODONTOPHORE (Gr. odous, a tooth ; ‘phero, I carry). The so-called *“tongue
or masticatory apparatus of the Gasteropoda, Pter, oda, Cephalopoda. ¢

ODONTORNITHES (gr. odous, tooth ; ornis, bird). The extinet sub-class o
Birds comprising forms with distinet tecth in sockets. 15

ODONTOTORME (G, odous, a tooth : tormos, a socket). An order of L’ft‘mCt
Birds, comprising Lehilyornis only, in which the teeth are sunk in sockets.

(EsoPHAGUS.  The gullet, or the tube by which the food is conveyed from the
mouth to the stomach, !

OLicocHETA (Gr. oligos, few ; chaits, bristles). An order of the Annelida,
comprising theEarth-worms, ) :

0xasUM (Lat. bullock’s tripe). The third stomach of Ruminants, commonly
called the ‘“psalterium.”

OMN1VOROUS (Lat. omnia, everything ; voro, I devour).
ately upon all kinds of food. : '

OPERCULUM (Lat. a lid). The shelly or horny r]nte by which the shell of a
Univalve Molluse is closed when the animal has retived within it; also the \
chain of flat bones which covers the gills in many fishes, ¥ 5 2

OPHIDIA (Gr. ophis, a serpent). The order of Reptiles comprising the Snakes. \ '

OPHIOMORPHA (Gr. ophis, a serpent ; morphé, shape). The order of Amphibia 1
comprising the Cueili,

OPHIUROIDEA (Gr. ophis, a serpent; owra, tail
Lickinodermata comprising the Brittle-stars an,

OPISTHOCELOUS (Gr. opisthen, behind ; koilos, hollow), Applied to verte-
bre, the bodies of which are hollow or concave behind, and convex in front.

ORAL (Lat. 0s, the mouth). Connected wifh the mouth,

ORTHOPTERA (Gr. orthos, straight ; pleron, a wing), An order of Insects,

Oscura (Lat. diminutive of o5, mouth).” The large apertures (““exhalant aper-
tures ”) by which a sponge is perforated.

OSTRACODA (Gr. ostrakon, a shell ; eidos, form). An, order of small Crys-
taceans which are enclosed in bivalve shells,

OvIraroUs (Lat, vum, an egg: pario, 1 bring forth). Applied to animals
which b]riug forth eggs, in contradistinetion to those whicﬁm‘ng forth their
young alive,

OVIPOSITOR (Lat. ovwm, an egg ; pono, 1 place).
insects, by means of which the eggs are plac
their development,

Ovisac. The external bag or sac in which certain of the Znvertebrata carry / ¥
their eggs after they are extruded from the body.

Ovo~v1\.rwmous. (Lat. ovum, an egg; vivus, alive; pario, I bring forth),
Applied to animals which retain thejr eggs within the hody unti they are

Feeding indiscrimin-

i eidos, form).  An order of ‘
d Sand-stars.

The organ possessed by some
ed in a position suitable for

hatched.
Ovuxr (Lat. an egg). The

e germ produced within the ovary, and capable unqe,
certain conditions of he

ing developed into a new individual,

PACHYDERMATA (Gr, packus, thick ; derma, skin). An olq
constituted by Cuvier for the Teception of the Ele
potamus, &e. "

PALLIAL, Connected with the mantle or “pallium,”

PALLIUM (Lat. a cloak). The “mantle” of the Mollusea,

PALPI (Lat. palpo, I touch). Processes supposed 1o ke oppang of touch,
developed from certain of the organs of the mouth in varions Articulate
animals, and from the sides of the mouth in the Bivalve Molluses,

P:;mm (La(ié for a niplgle)(.l A minute soft prominence,

APODIA (Gr. para, besi e; es, feet). The laterq] i
Or “foot-tubercles ” of many {))i?(tlhe Annelida, {ocemotive e

Mammalian order
phant, Rhinoceros, Hippo. ,f/

O
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PARIETAL (Lat. paries, a wall). Connected with the walls of a cavity or of
the body. .

P.\IUI-ITO-S)PL«\.\'CHNIO (Lat. paries, a wall ; Gr. splagchnon, an internal organ),
Applied to one of the nervous ganglia of the Mollusca, which supplies the
walls of the body and the viscera. - 5 )

Paraciun (Lat. the border of a dress). _Applied to the expansion of the
integument by which Bats, Flying Squirrels, and other animals support
themselves in the air. {

PrcTORAL (Lat. pectus, the breast). Connected with the chest. !

PeparL (Lat. pes, the foot). Connected with the foot ; generally used in con-
nection with the Mollusca.

PepICELLARLE (Lat. pedicellus, a louse). Curious appendages found in many
Lichinoderms, attached to the surface of the body, and resembling a little
pair of pincers supported on a stalk.

PEDIPALPI (Lat. pes, foot; palpo, I feel). An order of Aravhnide comprising
the Scorpions, &c. .

PEDUNCULATED (Lat. pedunculus, a stem), Su pported upon a stem or stalk.

Pervis (Lat. basin). “The bony arch with which the lower or posterior pair of
limbs is connected in many Vertebrata.

PERENNIBRANCHIATA (Lat. perenais, perpetual ; Gr. bragehia, gills).  Applied
to those Amphibia which retain their gills throughout life.

PERISSODACTYLA (Gr. perissos, uneven ; daltulos, finger). Applied to those
Hoofed Mammals ( Ungulata) which have an uneven number of toes.

PERIVISCERAL (Gr. peri, around ; Lat. viscera, the internal rgans). Applied
to the space surrounding the viscera in most animals.

PHALANGES (Gr. phalanz, a row). The small bones composing the digits of
the higher Vertebrates.  Normally each digit has three phalanges.

PHARYNGOBRANCHII (Gr. pharugs, the pharynx ; bragehia, gills). The order
of Fishes comprising only the Lancelet,

PHARYNX. The upycr part of the gullet.

PHYLLOPODA (Gr. phullon, leaf ; podes, feet). An order of ‘Crustacea.

PHYSOPHORIDZE (Gr. phust, bellows or air-bladder ; phero, I carry). An order
of Oceanic Hydrozoa.

PINNE (Lat. pinna, a feather). Lateral processes, applied especially to the
processes of the arms of Crinoids, or of the tentacles of Alcyonaria.

PINNIGRADA (Lat. pinna ; and gradior, I walk). The family of Carnivora,
comprising the Seals and Walruses, adapted for an aquatic life. -

Pxict:ls (Lat. piscis, a fish). The class of the Vertebrata comprising the

“ishes. ;

PLACENTA (Lat. a cake). The ‘“after-birth,” or the organ by which a vascular

* connection is established in the higher Vertebrata between the mother and
the young animal previous to its birth.

LACENTAL. Possessing a placenta, or connected with the placenta.
Lacomn (Gr. plaz, a plate; eidos, form). Ap&)\lied to the irregular bony
Dlates, grains, or spines which are found in the skin of various fishes.

PLacrosToM (Gr. plagios, transverse ; stoma, mouth). The Sharks and Rays,
n \:'lhich the mouth'is transverse, and is placed on ‘the under surface of the

lead.

PrLavanma (Gr. planz, wandering). A group of the Scolecida.

PLANTIGRADA (Lat. planta, the sole of the foot; gradior, I walk). The
gmuplof the Carnivora in which the sole of the foot is applied to the
ground,

PLANTIGRADE, Walking upon the soles of the feet.

LASTRON (Gr. emplastron, a plaster). The ventral shield of the case of the
Tortoises and Turt]es (Chelonia).

Pl;;:'rmmx‘\ (Gr. platus, broad ; rhines, nostrils). A group of the Quadru-
and.

PLESIOSAURIA
Reptiles.
LUTEUS (Lat. a shed). The larval form of the Sea-urchins (Echinus).
NEUMATIC (Gr. preuma, air). Filled with air,

(Gr. plesios, near; saura, a lizard). An extinet order of
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PNEUMATOPHORE (Gr. pneumd, air; phero, T carry). The air-bladder of the
Physophoride. L

PoposoMaTA (Gr. pous, foot ; soma, body). An order of Arachnida.

PoIsers. See Balancers. o

Porrex (Lat. the thumb). The innermost of the normal five digits of the fore-
foot of the higher Vertebrata. The thumb of man. f

PorvcHETA (Gr. polis, many ; chaité, bristle), The order of the higher Anne-
lides, comprising the Sea-worms, in which the foot-tubercles carry tufts of
Dristles.

PorveystiNa (Gr. polus, many 3 kustis, a bladder). An order of Pra{c-:atz. |

PorLvcamous (Gr. polus, many ; gamos, marriage). Applied to cases in which
one male consorts with several females.

Porycastrica (Gr. polus, many ; gaster, stoumch{. The name applied by
Ehrenberg to the Infusoria, under the belief that they possessed many
stamachs. o

Poryrary, The hard chitinous covering secreted by many of the Hydrozoa.

PoLYPE (Gr. polus, many: pous, foot). Restricted in modern usage to the
single individual of a simple Actinozotin, or to the separate zobids of a
compound Aclinozion, ==

PorLyrIDE. The separate zooid of a Polyzoin. \

Poryrinod. Synonymous with polypary, but often applied to the Polyzoa,
as well as to the Hydrozoa.

Porverre.  The separate zobid of a Hydrozoin.

POLYTHALAMOUS (Er. polus, many 3 thalamos, chamber). Many-chambered.
Applied to the shells of Foraminifera and Cephalopoda.

Poryzoa (Gr. polus, many; zobn, animal), The Sea-mosses, and Sea-mats,
forming the lowest class of the Mollusca. 3

Ponirera (Lat. pories,-a pore ; fero, 1 carry). The Sponges, so called because
the body is furnished with canals terminating on the surface in larger or
smaller openings,

Prayovans (Lat. pree, before ; molares, grinders). The teeth which succeed
tne molars of the milk-set of teeth. :

Pre-esoPHAGEAL.  Situated in front of the gullet.

ProposcIDEA (Gr. proboscis, the snout). The order of Mammals comprising
the Elephants. . 3

Procerous (Gr. pro, front ; Foilos, hollow). Applied to vertebrm, the hodies
of which are hollow or concave in front.

ProtoruyTa (Gr. protos, first; phyton, plant), The lowest division of
Plants.

ProtorLasu (Gr. prolos, first; plasso, 1 mould). The elementary basis of
organised tissues. Seen in its least moditied form in the “ sarcode " of thes
Protozoa,

Prorozoa (Gr. protes, first ; zoin, animal). The lowest division of the Anima]
Kingdom. 2 ]

Prox1Mar (Lat. prozimus, next). The slowly growing, comparatively fixeq
extremity of a limb or of an organism,

PsaLTerIOM (Lat. a stringed instrument). The third stomach of the

Ruminants. b

PseuponEMAL (Gr. psewdos, false; haima, blood). The vaseular system op |
the Annelida. ;
Pseuno-uearTs.  Contractile cavities connected with the
_Psof the Emcf:igparla. b REAEY e, o), TH
euDoroDIA (Gr. pseudos, falsity ; es, feet). e temporary i
the hody-substance which are put forth by the Rk-i:apodcl: u?{iiﬁxt:;ﬁlmﬁg‘f: \
gerve hoth for locomotion and for prehension. et |
Preroropa (Gr. pleron, a wing; podes, feet). A class o
by means of fins attached to th_e sides of the head,
I’Tg,nos_?vnm (Gr. pleron, a wing; saura, a lizard). An extinct order of
eptiles. v
PULMP:)SAM (Lat. pulmo, a lung), Connected with the lungs,
PuLaoNare. Possessing lungs.

reproductive system,

£ Mollusca swimming
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Pupa (Lat. a doll). The state of the metamorphosis of an infect immediately
preceding its appearance in a perfect condition. In this state the insect is
very often motionless, and is often called a * chrysalis.”

PyLorUS (Gr. puloros, a gatekeeper). The valvular aperture between the
stomach and the commencement of the intestine.

Quabruymana (Lat. quatuor, four ; manus, hand). The order of Mammalia
comprising the Monkeys, Baboons, Lemurs, &c.
QuaDRUMANOUS. Four-handed.

RADIATA (Lat. radius, a ray). Formerly applied to a large number of animals
which are now placed in separate sub-kingdoms (e.g., the Calenterata, Ech-
inodermata, Infusoria, &c.

Raproraria (Lat. radius, a ray). An order of Rhizopoda.

Raprus.  The innermost of the two bones of the fore-arm ofsthe higher Verte-
brates. It carries the thumb, or pollex, and corresponds with the tibia of
the hind-limb.

Rarrores (Lat. 7apto, I plunder). The order of the Birds of Prey.

RAPTORIAL.  Applied to animals which live by preying upon other animals,

Rasores (Lat. rado, 1 serape or scratch). The order of the Scratching Birds
(Fowls, Pigeons, &c.)

Rarrrs (Lat. rafes, a raft). Applied by Huxley to the Cursorial Birds, which
do not fly, and have a raft-like sternum without any median keel,

ReprILIA (Lat. repto, T erawl). The class of the Vertebrata comprising the
Tortoises, Serpents, Lizards, Crocodiles, &e. ;

RETICULUM (Lat. a net). The second stomach of the Ruminants.

Ru1z0eopa (Gr. rhiza, a root ; podes, feet). The division of Protozod compris-
ing all those which are capable of emitting pseudopodia.

RoDENTIA (Lat. rodo, I guaw). An order of the Mammalia. Often called
Glires (Lat. glis, a dormouse).

Rorirera (Lat. rota, a wheel ;. fero, T carry). A class of the Scolecida com-
prising the so-called  Wheel-animaleules,”

Rucosa (Lat. 7ugosus, wrinkled). An extinct order of Corals,

RUMEN (Lat. the throat). The first stomach or ‘¢ paunch ™ of Ruminants,

RU.\H;{ANTIA (Lat. ruminor, I chew the cud). A group of the Hoofed AMam-
malia,

SACRUM. The vertebre which unite with the haunch-bones to form the pelvis,
SARCODE (Gr. sarz, flesh ; eidos, form). The protoplasmic substance of which
the bodies of the Protozoa are composed.
SARrcoms. The separate ameeba-like particles which collectively make up the
““flesh” of a Sponge.
SAUROPSIDA (Gr. sawra, lizard ; opsis, appearance). The name given by Huxley
to the two classes of the Reptiles and Birds collectively, ;
Auuntlj'{mmm (Gr. sawra, a lizard ; pteruz, a wing).  An extinet order of
eptiles,
Savrurg (Gr. saura, alizard ; owra, tail). The order of Birds comprising
S only the extinet . reheopteryz.
CANSORES (Lat. scando, I climb). The order of the Climbing Birds (Parrots,
Voodpeckers, &e.)

 Scarury, The shoulder-blade of Vertebrala.

PCLEROBASIC (G, sklgros, hard ; basis, pedestal). The form of coral which

al axis, surrounded by the soft parts of the animal (e.g.,

'cx.;:nomv;u.\uc. Applied to those corals which are secreted within the body
of the polypes which produce them.
So 1 léz, \vorm{. A division of the Annulosa.
Sl?teé (%:;'e-lfg;lulm, a shield). Applied to the shield-like integumentary
3 ed i iles.
SEPTA. Partitions, S ontle

SERPENTIFORA, Resembling 4 serpent in shape,
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PNEUMATOPHORE (Gr. pneumd; air; phero, T carry). The air-bladder of the
Plysophoridee. .

Poposoyata (Gr. pous, foot ; soma, body). An order of Arachnida.

Poisers. See Balancers. X

PoLrex (Lat. the thumb). The innermost of the normal five digits of the fore-
foot of the higher Vertebrata. The thumb of man. )

PorycrETA (Gr. polus, many ; chaits, bristle). The order of the higher Anne-
lides, comprising the Sea-worms, in which the foot-tubercles carry tufts of
bristles.

PoLYCYSTINA (Gr. polus, many ; kustis, a bladder). An order of Proto:oa.‘

PoLyGaMoUs (Gr. polus, many ; gamos, marriage). Applied to cases in which
one male consorts with several females,

Poryeastrica (Gr. polus, many ; gaster, stomnch{. The name applied by
Ehrenberg to the” /nfusoria, under the belief that they possessed many
stemachs, -

Poryrary. The hard chitinous covering secreted by many of the Hydrozoa.

PoLyre (Gr. polus, many; pous, foot). Restricted in modern usage to the
single individual of a’ simpls Actinozoin, or to the separate zovids of a
compound Aclinozim.

POLYPIDE. The separate zodid of a Polyzoin, \

PoLyripoy. Synonymous with polypary, but often applied to the Polyzoa, |
as well as to the Hydrozoa.

PoLypiTe. The separate zooid of a Hydrozoin. \

PoLyrHALAMOUS Sur. polus, many ; thalamos, chamber). Many-chambered.
Applied to the shells of Foraminifera and Cephalopoda.

PoLyzoa (Gr. polus, many ; zo4n, animal). The Sea-mosses, and Sea-mats,
forming the lowest class of the Mollusca.

PORIFERA (Lat. porus,-a pore ; Jero, 1 carry). The Sponges, so called because
the body is furnished with canals terminating on the surface in larger or
smaller openings,

PREMOLARS (Lat. pree, before ; molares, grinders). The teeth which succeed
tne molars of the milk-set of teeth. d

PRE-ESOPHAGEAL. Situated in front of the gullet.

PROBOSCIDEA (Gr. proboscis, the snout). The order of Mammals comprising
the Elephants. .

Proc@rous (Gr. pro, front; koilos, hollow). Applied to vertebra, the bodies
of which are hollow or concave in front.

ProroruyTa (Gr. protes, first; phyton, plant). The Jowest division of
plants,

ProtorLasM (Gr. profos, first; plasso, 1 mould). The elementary basis of
organised tissues. Seen in its least modified form in the ““sarcode” of thes
Protozoa.

PROTOZOA (Gr. protos, first ; zoin, animal). The lowest division of the Anima]
Kingdom. 2 :

PrOXIMAL (Lat. prozimus, next). The slowly growing, comparatively fixeq
extremity of a limb or of an organism,

PsaLTERIUM (Lat. a stringed instrument). The third stomach of the
Ruminants. 0

PseunoHEMAL (Gr. pseudos, false ; haima, blood). The vascular system of ’
the Annelida. Gt i

Pseuno-HEARTS. Contractile cavities connected with the reproductive sy

B of the Braclzglpoda. e productive sy
SEUDOPODIA (Gr. pseudos, falsity ; podes, feet). The tem orary extensi
the body-substance which are put forth by the ha’zopo«l}: at ]\.\}'iﬁ'\ﬁzjlgvr;,si(} \
serve both for locomotion and for prehension, ; il

Preroropa (Gr. pteron, a Wing; podes, feet). A class
by means of fins attached to the sides of the head,

PTEROS?UNA (Gr, pleron, a wing; Sawra, a lizard), Ap extinet order of

eptiles. ]

PuLMoNaRry (Lat. pudmo, a lung).  Connected with the lunes

PuLMoNATE.  Possessing lungs. S

i

stem
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Pupa (Lat. a doll). The state of the metamorphosis of an infect immediately
preceding its appearance in a perfect condition. In this state the insect is
very often motionless, and is often called a ““ chrysalis,

PyLorus (Gr. pulsros, a gatekeeper). The valvular aperture between the
stomach and the commencement of the intestine.

QuapruMava (Lat. quatuor, four; manus, hand). The order of Mammalia
comprising the Moukeys, Baboons, Lemurs, &c.
QuapruMaNoUs. Four-handed.

Raprara (Lat. radius, aray). Formerly applied to 2 large number of animals
which are now placed in separate sub-kingdoms (e.g., the Coslenterata, Ech-
inodermata, Infusoria, &c. :

RaproLaria (Lat. radius, a ray). An order of Rhizopoda.

Raprus. The innermost of the two bones of the fore-arm ofythe higher Verte-
brates. It carries the thumb, or pollex, and corresponds with the tibia of
the hind-limb. g

Rarrores (Lat. rapto, I plunder). The order of the Birds of Prey. .

Rarrorian. Applied to animals which live by preying upon other animals,

Rasorgs (Lat. rado, I scrape or scratch). The order of the Scratching Birds
(Fowls, Pigeons, &c.) . 5 !

Rarera (Lat. rates, a raft).  Applied by Huxley to the Cursorial Birds, which
do not fly, and have a raft-like sternum without any median keel.

RePTILIA (Lat. 7epto, T crawl). The class of the Vertebrata comprising the
Tortoises, Serpents, Lizards, Crocodiles, &e. ;

Rericurun (Lat. a net). The second stomach of the Ruminants.

Rurzoropa (Gr. rhiza, a root; podes, feet). The division of Protozoc compris-
ing all those which are capable of emitting pseudopodia.

Ropexmia (Lat. rodo, T gnaw). An order of the Mammalia. Often called
Glires (Lat. glis, a dormouse).

Rorirera (Lat. rola, a wheel ; fero, T carry). A class of the Scolecida com-
prising the so-called ¢ Wheel-animalcules.”

RuGosa (Lat. rugosus, wrinkled). An extinct order of Corals.

RUMEN (Lat. the throat). The first stomach or ‘¢ paunch” of Ruminants,

RU.\IIIN‘\NT!A (Lat. rwminor, I chew the cud). A group of the Hoofed AMam-
malia.

SACRUM. The vertebree which unite with the haunch-bones to form the pelvis.
SARCODE (Gr. sarz, flesh ; eidos, form). The protoplasmic substance of which
the bodies of the Protozoa are composed.
Sarcorps. The separate amaeba-like particles which collectively make up the
““flesh ” of a Sponge.
SAUROPSIDA (Gr. saura, lizard 3 opsts, appearance). The name given by Huxley
. 1o the two classes of the Reptiles and Birds collectively.
54\111!0:7{'51{\'01‘\ (Gr. sauwra, a lizard ; plerux, o wing).” An extinct order of
ptiles,
SAvrune (Gr. sawra, alizard ; oura, tail). The order of Birds comprising
S only the extinct .4 rchaopteryz.
CANSORES (Lat. scando, 1 climb). The order of the Climbing Birds (Parrots,
S Woodpeckers, &e.
‘gc:u:uu. The shoulder-blade of Vertebrata.
PCLEROBASIC (Gr, slléros, hard ; basis, pedestal). The form of coral which

%;f%tol;tﬁs)'n central axis, surrounded by the soft parts of the animal (e.g.,

SOLERODERMIC, Applied to those corals which are secreted within the body
of the polypes which produce them.

SCOLECIDA (Gr. skolée, worm). A division of the Annulosa.

scl‘;glteélfll:{;efcml]m’ a shie)('l). Applied to the shield-like integumentary
oped in = s,
SEPTA. Partiti}ms, many Reptiles

SERPENTIFORM. Resembling a serpent in shape.
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SERTULARIDA (That. serfum, a wreath). An order of the Hydrozoa.

SESSILE (Lat. sedo, Tsit). Not supported upon a stalk, but attached by a base.

SILICEOUS (Lat. silez, flint). Composed of flint.

SIPHON (Gr. a tube). Agplied to the respiratory tubes of many of the Afol-
lusca ; also to other tubes of different functions.

SIPHONOPHORA (Gr. siphon, a tube; phero, 1 carry). A sub-class of the
Hydrozon. . : i

SIRENIA (Gr. seirén, a mermaid). An order of Mammalia comprising the
Dugongs and Manatees,

SOLIDUNGULA (Lat. solidus, solid ; ungula, a hoof). The group of Hoofed
Mammals comprising the Horse, Ass, and Zebra.

SoMaTIC (Gr. soma, body). Connected with the body. .

SOMITE (Gr. soma). A single segment in the body of an Articulate animal.

SPICULA (Lat. spiculum, a oint). Pointed needle-shaped bodies.

SPINNERETS. Thg organs by means of which Spiders and Caterpillars spin

threads.

SPONGIDA (Gr. spoggos, a sponge). The division of the Profozoa commonly
known as Sponges.

STERNUM (Gr. sternon). The breast-bone.

STOMAPODA (Gr. stoma, mouth 3 podes, feet). An order of Crustacen.

STOMATODE (Gr. stoma, mouth). Possessing a mouth. The Infusoria. are
thus often called the Stomatode Protozoa,

STREPSIPTERA (Gr. strepho, I twist; pleron, a wing). An order of Insects in
which the anterior wings are represented by twisted rudiments.

STREPSIRHINA (Gr. strepho, 1 twist ; rhines, nostrils). A group of the Quad-
Tumand,

SUCTORIAL.  Adapted for suction or for imbibing fluids,

SUPRA-ESOPHAGEAL. Placed above the gullet or esophagus.

TaBULE (Lat. tabula, a tablet). Horizontal plates or floors which are found
in many Corals.

Tacrite (Lat. tango, Itouch). Connected with the sense of touch.

TZENIADA (Gr. lainia, a ribbon). The order of Scolecida comprising the Tape-
Worms. .

TARsO-METATARSUS. The single bone produced in Birds by the union and
anchylosis of the lower part of the tarsus with the metatarsus.

TArsUS (Gr. {arsos, the flat of the foot). The small hones which form the
ankle (or ‘“instep” of man), corresponding with the wrist (carpus) of the
anterior limb. <

TELEOSTEI (Gr. feleios, perfect ; osteon, bone). An order of Fishes often
spoken of as the Bony Fishes. :

TELSON (Gr. a limit). "The last joint in the abdomen of the Crustacea.

TENUIROSTRES (Lat. fenuis, slender ; rostrum, beak),
Birds characterised by their slender beaks,

TERRESTRIAL (Lat. terra, earth). Living upon dry land.

TEsT (Lat. lesta, a shell). The shell of ollusca, which are for this reason
sometimes called Zestacen. Also, the calcareons shell of Sea-urchins.  Algy
the thick leathery outer tunic of the Sea-squirts, Tunicata. 4

TETRABRANCHIATA (Gr. telra, four; bragehia, giills). The order of Cephaly.
poda characterised by the possession of four gills,

THALASSICOLIIDA (Gr. thalassa, sea ; kolla, glue). A division of Protozoq,

THERIODONTIA (Gr, thér, beast ; odous, tooth). An order of extinet Reptil
with teeth of a Mamllunlm{l type. 3 e

TBERIOMORPHA (Gr. thér,. beast; morphs, shape). Employed 9
designate the *tail-less Amphibians,” such as Frogs and.I ’ll‘gyu(lls.by Orenes

THORAX (Gr. thoraz, thg breast, or a breast-plate). In the higher animals
the thorax is that region of the body which is placed between the abdomen
and the head. A

THYSANURA (Gr. thusanoi, fringes ; oura, tail).  An order of Insects,

Tisra. The shin-bone, corresponding to the 7adius of the Zorelimb. and
being the innermost of the two bones of the leg 4

A group of the Perching
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TRACHEA (Gr. tracheia, the rough windpipe). Lhe tube whica conveys air to
the lungs in the air-breathing Vertebrates. In Insects, Myriapods, and
Spiders, the air-tubes which ramify through the body. b

TREMATODA (Gr. ¢réma, a pore or hole). An order of Scolecida.

TRILOBITA (Gr. {reis, three; lobos, a lobe). An extinct order of Crustacea.

Tusicora (Lat. fuba, a tube ; colo, I inhabit). An order of Annelida.

TUBULARIDA (Lat. tuba, a tube). Often used instead of Corynida to designate
an order of the Hydrozoa. y

Tunicata (Lat. funica, a cloak). The Sea-squirts, a class of the Aollus-
coida. .

ULNa (Gr. olené, the elbow). The outermost of the two bones of the fore-arm,
corresponding with the fibula of the hind-limb.

Unso (Lat. the boss of the shield). The beak of a bivalve shell.

UnmBRELLA. The contractile disc of one of the Lucernaridea.

UncuraTa (Lat. ungula, a hoof). The order of Mammalie. comprising the
Hoofed Quadrupeds.

UxivaLve (Lat. wnus, one; valve, folding-doors). Applied to shells com-
posed of a single piece or valve.

URODELA (Gr. owra, tail; délos, visible). The order of the * tailed” Am-

- phibians, v

Vacvornes (Lat. zacuus, empty). The little cavities often formed in the in-
terior of many of the Profozoa by the presence of particles of food, sur-
rounded by a little water. Many vacuoles appear to be of a different nature,
being]permanent cavities in the protoplasm, and being in some cases con-
tractile.

Vl-}:).\"r‘lmL (Lat. venter, the stomach). Relating to the inferior surface of the

ody.

VENTRICLE (Lat. ventriculus, diminutive of zenter, belly). One of the cavities
of the heart.

VerMEs (Lat. vermis, a worm). Sometimes used at the present day in the
same, or nearly the same, sense as Scolecida, or as Scolecida plus the
Anarthropoda.

VeErMIFORM. Worm-like in shape. !

VERTEBRA (Lat. verto, I turn). One of the bones composing the spinal column
or backbone. )

VERTEBRATA. The sub-kingdom comprising animals almost all of which have
a more or less well-developed vertebral column.

VesicLe (Lat. vesica, a bladder). A little sac, bladder, or cyst.

Viscera (Lat. viscus). The internal organs of the bod%'.

Viviearous (Lat. vivus, alive ; and pario, I bring forth). Applied to animals
which bring forth their young alive.

X1pHosURA (Gr. wiphos, a sword ; oura, tail). An order of Crustacea com-
Prising the King-crabs. -

Zob1p (Gr. zoon, animal ; eidos, form). The more or less: completely inde-
pendent organisms produced from a primitive being by gemmation or
fission, whether these remain attached to one another or are detached and

' set free.

ZoopuyTE (Gr. 206m, animal; phufon, plant). TLoosely npplied to many '

plant-like animals, such as Sponges, Corals, Sea-anemones, Sea-firs, Sea-
mats, &ec.
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Acanthocephala, 114; general charae-
ters of, 121,

Acanthomnetra, 34.

Acanthophis, 288.

Acanthopteri, 243,

A carina,l 1.:;3.

Acarus, 158,

Acephala (Mollusea), 200.

Achetide, 171,

Acipenser, 244,

Acipenseride, 245.

Acorn-shells, 148, 149,

Aeridiidee, 171,

Actinia, 84, 85.

Actiniid’w, Sﬁsw

Actinophrys, 36.

Actiuogm. 53; general characters of, 83;
orders of, 85,

Adjutant, 296,

ALyginide, 69.

Alurus, 347,

zﬁ‘q(tn)i‘cgsgl.

Agouti, 350.

Ai&-recéptacles of Birds, 286.

Alces, 338.

Aleidee, 205,

Aleyonaria, 85; general characters of,
90, et seq.

Aleyoniwm, 01.

Alligator, 272, 273,

Allopora, 82.

Alpaca, 337.

Amblystoma, 251, 252. A

Ambulacral system of Echinus, 101.
meiova, 271.

gmetabnlic Insects, 165, 108,

Ammonites, 216.

Ameba, 2;, 225{; 28,

a, 5

flm:I?iCbia, 27 ; general characters of,
249, ct seq.

Amphidises, 48. .

Amphioxus, 237, 238.

Amphipoda, 143.

Anacanthini, 243,

Annnondné 21609

Analogy, 9, 10.

Amrgzropoda, 112

Anatine, 205.

Ancistrodon, 267.

Anguillula, 123.

Anguis, 270.

Animals and Plants,
2, et seq:

Annelida, 112 » general characters of,
128 ; typical segment of, i, ; divisions
of, 130.

Annwlosa, 112 ; zeneral

A nomodontia, 277,

Anomura, 141,

Anoplura, 168,

Anoura, 253,

Anserine, 295,

Ant-eaters, 324, 326, 827,

Antedon, 106, 107,

Antelopes, 330,

Antenne, 140, 160,

Anthropoid Apes, 358,

Antilocapra, 339,

Ant-lion, 173.

Ants, 170,

Apes, 855, 358,

Aphaniptera, 174,

Aphides, 170,

Aphis-lion, 173,

Aphrodite, 135,

Apide, 179,

Aplacental Mammals, 317,

Aptera, 168,

Apteryz, 288, 291, 202,

Aquiferous System (Sponges 45.

jrac’:na(gtie,)sti. rooem),
rachnida, 118 ; general charac .
orders of, 153. 8 it 181

Araneida, 155,

A rchwopreryx, 306.

Ardew, 297,

Ardeidee, 296,

Avrenicola, 134,

Argonauta, 211, 212, 915, ’

Armadillos, 325, 326, 397,

Arms of Brnchiapoda. 104
poda, 209, 213, 212, 214

Artemia, 147, '

Arl'ggopmla, 13; seneral charget

;} rticulata, 136,
Artiodactyla, 33 §
Ascaris, 123.' 88
Ascidian Mollpge :

and componml(‘sl'mll91 iR ool
Asellus, 143, st
Asinus, 333,
Ass, 333

differences between,

characters of, ib,

/)
; of Cephalo.(
\

ers of, "'
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Asterias, 104,

Asteroidea, 99, 103; general characters
of, 103, et seq.

Atolls, 89, 00.

Atrium (T'unicata), 192.

Auechenia, 337.

Auk, 205.

Aurelia, 77, 78.

Aves, 227 ; general characters of, 278 ;
feathers of, ib.; vertebral column of,
270; beak of, 250; pectoral arch of,
281 ; hind-limb of, 282; foot of, 284 ;
digestive system of, ib.; respiratory
system of, 286 ; circulatory system of,
987 : nervous system and organs of
sense of, 288 ; migrations, @.; divisions
of, 200, et seq.

Aves allrices, 288.

Aves erraticce, 289.

Aves manentes, 289,

Aves migratoriee, 289.

Aves praecoces, 287.

Avocet, 200,

Axolotl, 251.

Aye-nye, 850.

Banoox, 855,
Babyroussa, 884,
Badger, 347.
Balena, 329.
Balanide, 329,
Balancers, 175.
Balanidee, 149,
Balanus, 149,
Baleen, 329,
Balistide, 243.
Bandicoot, 828,
Banxring, 355.
Barnacles, 149.
Barramunda, 248.
Barrier-reefs, 89.
Batides, 247.
Batrachia, 258.
Bats, 851, 352.
Bear, 846, 847.
Beaver, 850, 851.
Bee-caters, 804
Bees, 170,
Balemnites, 214.
Bimana, 818 ; general characters of, 360.
Biology, definition of, 2.
Bird-lice, 168.

itds (see Aves).
Bird’s-head process, 188, 189.

irds of Prey, 304, 305,
Bison, 340.
Bittern, 206.
Bivalye Shell-fish, 196.
Bladder-worms (see Cystic Worms).
Blastoidea, 99, 100.

latta, 172.
Blattide, 171.
Blind-worm, 270.
Boa, 269.
Boat-fly, 171.
DBonasa, 298.
Bony Pike, 244.
Book scorpion, 155.
Bos, 340,
Bovide, 340.
Brachiopoda, 184, 185, 186;

general
characters of, 193, et seq.

379

Brachyuwra, 141, 142.

Bracts (of oceanie Hydrozoa), 78.

Bradypodidee, 325.

Branchial hearts (Cuttle-fishes), 210.

Branchial sac (Zunicata), 192; (Lance-
let), 220.

Branchiate Vertebrates, 211,

Branchifera (Gasteropoda), 208.

Brittle-stars, 105,

DBruta, 824.

Bubalus, 340.

Buecinum, 202,

Buceride, 304.

Baffalo, 340.

Bufonidee, 2506.

Bustards, 207.

Butterflies, 176. 3

Byssus (of Lamellibrarchiata), 201,

CADDIS-FLIES, 178,

Caducibranchiata (A mphibia), 251.

Cica, intestinal (of Birds), 286.

Caciliee, 250, 251.

Caiman, 273.

Calamaries, 208, 212, 213.

Calice (Corals), 8T7.

Calycophoride, 72, T4.

Camelidew, 887.

Camelopardalidee, $38.

Campanularida, 58, 6S;
gonophores of, 68. . >

Canals, of Sponges, 46; of Aleyonaria,
90; of Clenopﬁom, 96.

Canide, 347.

Cantharis, 182,

Capreolus, 338.

Caprimulgide, 304,

Capybara, 350.

Caribou, 338.

Carinaria, 205.

Carinatee, 290, 293.

Carnivora, 818; general characters of,

c S44, ;tsseq.
arp, 243, -

Ca:-?inge - spring apparatus (Brachio-
poda), 194.

Cassowary, 200, 202,

Castor, 350.

Castoridee, 351.

Catarhina, 357.

Cats, 344, 345, 847,

Cavidee, 350.

Cavicornia, 338.

Cebidee, 357.

Cellulose, in Ascidians, 192.

Centetes, 354,

Centipedes, 157, 158.

Cephalopoda, 185,196 ;
of, 208, et seq.: resp rato
210; reproduction of, 2115

Cephalothorax, 137, et 5¢4-;

Crrastes, 267. ,

Ceratiwm, 42.

Ceratudus, 239, 248.

Cercopithecus, 858.

Certhidee, 304.

Ceroida, 338.

Cervus, 338.

Cestracion, 246.

Cestum, 96.

Cetacea, 316, 8183
328, et seq.

medusiform

eneral characters
organs of,
hell of, 212,
151

general characters of]
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Chamueeleo, 272. & ™

Chamois, 339.

Charadriide, 297.

Cheetah, 340, :

Cheiromys, 356.

Cheiroptera, 818; general characters of,
351, et seq.

Cheirotherium, 256,

Chele, 140, 151.

Chelifer, 155,

Chelone, 262.

Chelonia, 258, 260; general characters of,
201, et seq.

Chelydra, 263.

Chevrotains, 337,

Chimeera, 245, 247.

Chimpanzee, 350,

Chitine, 61. o

Chiton, 201.

Chlorophyll in animals, 4.

Chrysaora, 79,

Chrysochloris, 854,

Cicada, 171.

Ciconinee, 296,

Cidaris, 102,

Ciliata (Infusoria), 38, 42.

Cirripedia, 148, 149.

Cistudo, 2683.

Civet, 347,

Cladocera, 147.

Clamatores, 200.

Classification, 11, et seq.

Cleodora, 207,

Climbers (Birds), 800.

Cliona, 49.

Cloaca, of Rotifera, 125; of Insccts, 163;
of Amphibia, 249; of Reptiles, 259; of
Birds, 256 ; of Monotremata, 819.

C'lupcitfa.', 243,

Cnidee, 52.

Coati, 347.

Cobra, 268,

Cochineal Insects, 171,

Cockatoos, 801.

Cockroaches, 171,

Cocoon, 167.

Cod, 243.

Calenterata, 12; general characters of,
50, et seq.; thread-cells of, 52; divisions
of, 53.

Caenosare, 57.

Coleoptera, 181, 182,

Collemmbola, 189,

Collospheera, 85.

Collozoa, 85.

Colobus, 357.

Coluber, 269.

Columbacei, 298, 299,

Comatula, 106, 107, 108,

Condylura, 854.

Conirostres, 803,

Contractile’ vesicle, of Ameada, 30; of
Infusoria, 45.

Coot, 296. $

Copepoda, 147.

Coral, 84.

Corallite, 87.

Corallium, 98, 04.

Corallum, 84, 86.

Coral-reefs, 89, et seq.

Cordylophora, 61.

Cormorant, 295.

Crinoidea, 99, 106

INDEX. .

Cortical layer, of Infusori 89,
Corvidee, 304. Myaosia;
Corynida, 58; general characters of, 61;
reproduction of, 62,
Coryomorpha, 62.
Coturniz, 208,
Coypu, 351,
Crab, 141.
Cracide:, 299,
Crane, 200, |
Crane-fly, 176.
Craspeda, 86,
Crayfish, 938,
Creepers (Birds), 304,
Crez, 206,
Cribella, 104.
Cricket, 171,
s general characters of,
106, 107, et 'seq, * ° y '
gristadlcllla, 190.
rocodilia, 258, et seq. ¥ -
ctel_’s of, 272, et seq. S Frsipd i
rop, of Insects, 163 ; of Bi 284.
Cross-bill, 804, ® O ids, 284 r
Crotalidee, 267,
Crotalus, 267, N A
Crow, 304, 7
Crustacea, 113; general characters of, X
137, et seq.

Ctenoid Scales of Fishes, 208, (
Ctenogémra, 84, 85; general characters }

» .

Ctenophores, 95. N
Cuckoo, 800, \
Cuenlide, 300,

Cucumaria, 110.

Culex, 176,

Curassow, 200,

Curlew, 296,

Cursores, 290.

Cuticle, of I nfusoria, 89,

Cuttle-fishes, 186, 208, 209, 210, 211, 212,

Cyanea, 78.

Cycloid Scales of Fishes, 228.

Cyclolabride, 243,

Cyclops, 147,

Cydippe, 95.

Cygnidee, 205.

Cynomys, 351. ‘
Cyprinide, 243, |
Cypris, 147.

Cypselidee, 804.

Cystic Worms, 117, 118,
Cystoidea, 99, 109,

Daboia, 267. ¢
Daphnia, 147, y
Darters (Birds), 295, [
Dasypodidee, 355, )
Dasyprocta, 350, 4
Dasyurus, 323,

Bcnd-m;n's Fingers, 03

ecapoda (O ), :

oo 4( rustacea), 13s; (Ccphaloi
Deer, 338, :
Dcmasauriav, 7,

Dcfphinid(e, 330.
De. Iphinus, 330,
Denh;l formula, 813
Dr;nurostrea, 804; "
D:_branchiata. 219,
Dacol.yles, 334,
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Dicynodon, 277.
Didelphidee, 322, 324.
Didelphys, 324.
D::zilugc'a, 28,
Digitigrada, 345, 347.
Dinoceras, 340.
Dinocerata, 340. ou
Dipnot, 237; general characters of, 247,
et seq.
gipod:d«t, .'151.
iptera, 176. £
Discophora (Meduse), 79; (Leeches), 130.
Discorbina, 30, 81,
Distal, 57.
Distoma, 118, 119,
Divers (Birds), 295.
Dodo, 300.
Dog, 347.
Dog-fish, 240.
Dolphin, 827, 828, 330.
Doris, 204.
Dormice, 351,
Dorsal vessel of Insects, 164.
Doves, 209,
Draco, 271.
Dragon-flies, 173.
Dromaius, 291,
Dromedary, 337.
Duck, 205.
Duck-mole, 319, 320,
Dugong, 328.

EaGLE, 305.

Earth-worms, 131,

Echidna, 319, 320, 821.

Echinodermata, 97; general characters of,
97, 08, et seq.

Echinotdea, 99; general characters of, 99,
et seq.; aquiferous system of, 101 ; de-
velopment of, 102,

Echinorhynchus, 121, 122,

Ectocyst, 188.

Ectoderm, 52, \

Edentata, 317; general characters of, 824,
et seq.

Eels, 243.

Blaps, 268,

Elasmobranchii, 237; general characters
of, 245; sub-orders of, 247,

Elephant, 841, 342,

83

, 838.
Elytra, 181.
men, 201.
Emydide, 263.
4 Endocyst, 188.
Endoderm, 52.
Entozoa, 112, 118.
Phemeridee, 173. ’
Lpistylis, 55.
Fquide, 333.
Zquus, 888.
FErinaceida, 354,
rinaceus, 353, 854.
mine, 347.
Errant Annelide, 183, et geq.
Esocidee, 243.
Eudendrium, 62.
Euglena, 42.
Euplectcila, 48.
E‘urypterida, 145.
uspongia, 48.
yes of Insects, 164.
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Favrcox, 805.

Feather-utar, 106, 107,

Felidee, 347 ; dental formula, S44.

Felis, 849.

Field-bug, 171.

Filaria, 128.

Finches, 303.

Finner-whales, 330,

Fishes (see Pisces).

Fission, continuous and discontinuous,
54, 55.

Fissirostres, 304.

Flagellata, 88, 42.

Flat-fish, 243,

Fleas, 174, 175.

Flesh-flies, 176,

Float of Physophoride, T4.

Flukes, 118. i

Flustra, 187, 188, 190.%

Fly-catcher, 314.

Flying-Dragon, 271,

Flying-Lemur, 355.

Flying-Squirrel, 851,

Food of Animals and Plants, 4.

Food-vacuoles, 89.

Foot of Mollusca, 186, 197, 202, 206,

Foot-jaws, 138, 139, 140.

Foot-tubercles, 131, 132, 145.

Foraminifera, 28; general characters
of, i.; pseudopodia of, 80; shell of,
31; distribution of, in space, 32; pre-
sence of, in white chalk, 38.

“Forest-flies, 176.

Formicidee, 179.

Fowl, 208, 200,

Fox, 347.

Fox-bats, 853.

Frigate-bird, 205,

Fringillidee, 304,

Fringing-reefs, 89, 00.

Frog, 210, 254, 255; development of,
255,

Fulica, 296.
Funnel of Ctenophora, 96.

GAD-FLIES, 176,

Gadidea, 248.

Galeopithecus, 855.

Gallinacet, 298.

Gallinula, 296.

Gallus, 298.

Ganunarus, 144.

Gannet, 295.

Ganoid Scales of Fishes, 220,

Ganoidei, 237 ; general characters of,
248, et seq.

Gasteropoda, 185, 196 ; general charac-
ters of, 201, et seq.; shell of, 204;
2g2ontophorc of, 201; development of,

Gavial, 272,

Geckotidee, 272.

Geese, 205,

Gemitores, 299,

Gemmation, continuous and discontinu-
ous, 54,

Gemmule, of Spongilla, 4S.

Gemsbok, 239, )

Generations, alternation of, 64.

Gennette, 347,

Gephyrea, 112.

Gibbon, 359,
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Girafle, 338. :

Gizzard, of Insecls, 162; of Birdsp2ss.

Globigerina, 30, 33.

Glutton, 347,

Gnats, 176.

Gnu, 339,

Goat, 330,

Goat-moth, 178.

Goat-sucker, 304,

Gobiidee, 243,

Goniaster, 105.

Gonophores, 62, 63; medusiform, 64, 65,
68

Gonosome, 62,

Gordiacea, 114 ; general characters, 122,
Gorgonidee, 90, 92, 3.

Gor?lln, 850,

Grallatores, 203, 205, et seq.

Grantia, 45, 48. ® .

Graptolitide, 58, $0.

Grasshoppers, 171.

Grebe, 205,

Greenland Whale, 330,

Gregarina, 21, 22,

Gregarinida, 21 ;
Ground-hog, 327,
Gronse, 208,
Gruide, 206,
Guillemot, 205.
Guinea-fowl, 299,
Guinea-pig, 350.
Guinea-worm, 123,
Gull, 123,

Gulo, 847.

Hapnock, 243,
Hadrosauwrus, 277.
Hamopsis, 131,
Hag-fishes, 230.
Hair-worms, 122,
Halicore, 328.
Halivmma, 34.
Halisarca, 48.
Halteres (see Balancers).
Hamster, 351,
Hapalide, 357.
Hare, 350.
Harvest-men, 155.
Hawks, 305.
Hectocotylus, 212.
Hedgehog, 353, 354.
Hcdriaphthahnata, 143.
Heliolites, 94.
Heliopora, 93, 94,
Helioporidee, 93.
Heliozon, 35, 86,
Hemelytra, 171.
Hemimetabolic Insects, 165, 170,
Hemiptera, 170.
Hermit-crabs, 141.
Heron, 200, 297,
Herring, 243, £
Hesperornis, 306, 307.
Heterocereal Tail (Fishes), 232,
Heteropoda, 205,
Hippobosca, 176.
Hippocampide, 248.
Hippopotanus, 333, 334,
Hinui?nca, 130; general characters of,
130.

reproduction of, 22,

Hirundinidae, 804.
Holocephali, 247.

INDEX.

Holometabolie Insects, 165, 174,
llolothuroidca. 99,109 ; general characters

of, 109, 110, et seq.
Holtenia, 48,
Homocercal Tail (Fishes), 232, \
Homology, 9.
Honey-badger, 347,
Honey-eater, 304,
Hoopoe, 304,
Horn-bill, 304.
Horse, 338.
House-fly, 176.
Howlers (Monkeys), 357.
Humming-hirds, 304,
Hyanide, 347,
Hydatids, 118,
Hydatina, 125,
Hydra, 53, 58, 59, 60 ; reproduction of, 60,
Hydractiniee, 62, 63
Hydra-tuba, 77.
Hydrida, 58.
Hydrocoralli nee, 81,
Hydroida, 58 ; reproduction of, 62, et &eq.
Hydroid Zoophytes, 58.
Hydrophidm, 268,
Hydrorhiza, 58,
Hydrosoma, 57.

Hydrothecsw, 67, N/
ydrozpa, 53; general characters of, 58; A\l
terminology of, 54-57 ; reproduction of, |

62 ; divisions of, 58.
Hylobates, 359
Hymenoptera, 178, 179. \
Ug:?coidca, 818; general characters of,

Hyraz, 341,
Hystricide, 350,

Iu1s, 206.

Ichneumon (Insecta), 179,

Ich(hyopthim, 148.

Icluhyopsida, 226.

Ichthyopterygia, 260; characters of, 274,

Ichthyornis, 307, 308,

Iehthyosa urus, 274,

Idotea, 143,

Iguana, 269, 271,

Iguanadon, 277.

Ilyanthus, 86,

Tmago, 165,

Imperforata (Foram inifera), 31,

Individual, definition of, 54, et seq. 74

Infusoria, 21; general characters of, g7 |
et seq. 2

Insecta, 113; general characters of, 1 /|
et 8oq.; organs of the mouth of, 161 )/
digestive system of, 163 ; metamg,, )

I phciqesrt;f, .lst;.’g ; orders ?f, 168, et L N
nsectivora, ; gene
55 » Beneral characters of, //

f nsessores, 302, '/
nwer

I g’! gt;'bram, general characters of, 1,

Tsopoda, 143,

ZTulus, 158,

JAcArf, 273,
Jackal, 847,
Jaguar, 349,
gnl);, 33:.
elly-fishes, g5 ?
Jerboa, 851, > 69, et seq.
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Kavtoxe, 853.
Kangaroo, 322, 323,
Kangaroo-bears, 323,
King-crabs, 144, 145,
Kinglisher, 304.
Koodoo, 339, 340,

Labyrinthodontia, 236.
Lacerta, 270, 271.
Laccrtif:‘a, 200; general characters of,
2060, et seq.
Leamodipoda, 144.
Lagena, 30, 31.
Lagopus, 268.
Lamellibranchiata, 184 ; general char-
acters of, 196, et seq,
Laminarian Zoune, 16,
Lawmpreys, 220, 230, 240, 257,
Lamp-shells, 193,
Lancelet, 220, 288, 235, 237.
Lnnd-snlmnundem, 253.
Laniidee, 304,
Lapwing, 207,
Laride, 205,
Larks, 304.
Larva (of Insecta), 166.
Leeches, 130, 131,
Lemming, 851,
Lemuride, 368.
Lemurs, 855, 356.
Leopard, 348,
Lepadide, 149,
Lepidoptera, 176, 177, 178,
Lepidosiren, 285, 236 3 general characters
of, 247, 248,
Lepidosteus, 245,
Leporide, 350,
Lepus, 350,
Libellulide, 173,
Lice, 168.
Ligia, 143,
Limazx, 206,
Limnocodi wm, T1.
imulies, 144, 145,
Ling, 243,
Lingual Ribbon (of Mollusca), 201.
ingula, 195,
Lion, 844, 845
Littoral Zone, 16.
Liver-fluke, 119.
izards, 269, et seq.
luma, 337,
Lobster, 138, et seq.
Loc orm, 134,
Zocust, 171, 172,
L"cuatz‘dw, 171,
°‘=ilst.-shrimp, 1492,
LQP’wbranolui, 248,
9Dhopus, 190,
yPhortyz, 398,
Lories, 391,
Jaoxl'qdw' 804,
ﬂtcernaria, 76.
teernarida, 58; ge:
76; de\mlopmcntg o!;:'sml .cl;a:xgtﬁx;se o(fi‘
. reproductive Z001ds of, 78 et se
Lumbricide, 131, AL 2
umbricus, 131,
Lynx, 349,

SIACAQUE, 357,
Macaw, 301.

Mackerel, 243, X

Macropcdide, 329, 2

Macroscelide, 354,

Macrura, 139,

Madreporiform tubercle, of Echini:s, 100;
of Star-fishes, 104 3 of Holothurians,
109,

Mugpic, 304,

Maia, 141,

Malacodermata (Zoantharia), 85,

)Iulnco})tcri, 243,

Mallophaga, 168,

Malpighian vessels of Insects, 163,

Mammatia, 309, e seq.

Mammoth, 343,

Man, 360,

Manatee, 827, 898,

Mandibles, of S}widcrs, 151;
162; of Cepha opoda; 200,

Manis, 326.

Mantle, 186, 196,

Manubrium, 63,

Marginal bodies, of Meduside, 71; of
Lucemarida, 70,

Marmoset, 357,

Marmot, 351,

Marsl‘pnbranchii, 237; general clmmcu\rs,
239, et seq.

Marsupiatia, 8175 general characters of,
322, et seq.

Martin, 304,

May-flies, 172

Maxillx of Spiders, 151; of Insecta, 162.

Measles, of Pig, 117,

Medusa, hidden-eyed, 77, et seq.

Medusee, gakcd-eyed, U4, 65, 66, 68, 69,
70, 71, 70.

Meduside, 69, et seq.

Medusoid buds of }Iytlrozoa, 64, 65, 06,
68, 69, 71.

Megalosaurus, °77.

Megapodide, 209,

Meleagris, 208,

Meles, 347,

Melicerta, 124, 125,

Meliphagide, 304,

Mellivora, 347,

Menobranchus, 232,

Mephitis, 337,

Meropidee, 304.

Meros!omala, 144,

Merulide, 804,

Mesenteries (of Aetinozoa), 51, 83.

Metamorphoses of Insects, 165, et seq.

Metazoa, 19, 43,

gl,ica. 1851.
ierolepidoptera 178,

Mitiola, 30,0

Millepora, 81, §2.

Millipcdes, 157, 158.

Mink, 847,

Mites, 153,

Mole, 354,

Mollusca, 12; general characters of, 188,
et seq. ; shell of, 186 ; divisions of, 18¢,

Mollusea Proper, 196, et seq.

Molluscoida, characters of, 186;
sions of, 187, et seq.

Monera, 95.

Monitors, 271,

Monkeys, 355,

Monothalamous shells (Foramin Vera), 31,

of Insects,

divi-
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Monotremata, 317 ; general characters
of, 319, et seq. - %

Moose, 333, N

Morphology, 7.

Morse, 346.

Moths, 117[775,1178.

Mud-eel, 251,

Mud-fish, 235, 236, 248,

Mugilide, 243,

Multivalve shells, 148, 201,

Murenide, 243.

Muridee, 351.

Musca, 176.

Muscicapide, 304.

Musk-ox, 340,

Musquash, 351.

Mus cll'dtt.g (.;3147.

Mya, 197, A

.lfécetca, 357. ©

Myozide, 851, L

Myriapoda,113; general characters of, 157,

Mi;rmccophaga, 426,

AMyrmelgo, 173.

Myzine, 239.

Myxinide, 289,

Myxinoids, 236, 240,

Naididee, 131

Naja, 264, 268,

Narwhal, 330.

Nasua, 347,

Natatores, 203; general - characters of,
203, et seq. i

Nautiloid shells (Foranumjera), 82,

Nautilus, Pearly, 208, 209, 210, 212, 215;
Paper, 208, 200, 211, 212,

Nectocalyces, 72, 75,

Nematelnia, 113, 121,

Nematoidea, 114 ; general characters of,
122,

Nemertidee, 121,

Nereis, 135,

Nervures, 160.

Neuroptera, 173,

Newt, 251, 253,

Nodosaria, 30, 31. 7
Nucleolus of Paramacium, 49,
Nucleus of Paramacium, 40,
.Nudibranchiata, 204.
Numenius, 206.

Numida, 209,

Nummulites, 83,
Nummulitic Limestone, 33,
Nyeticebidee, 356,

Nymnphon, 153,

Oceaxic Hydrozoa; 72, et seq.
Octopoda, 212, et seq.
Octopus, 212.
Odonto;:cti, ggg
Odontolec. f
Odontopho're of Gastcropoda, 201,
Odontorm’thes,;o?’O, 306,
dontotorme, g
Oligocheeta, 131 ; general characters of, 131,
Omnivora ( Ungulata), 338.
gnisc’:ts, ,143. T
nychophora, 158.
Opélrcu um (of Molluses), 201.
Ophidia, 258, 260 ; general characters of,
204, et seq.
Ophiocoma, 105.

0O

INDEX.

Ophioglypha, 105,
Ophiz;wgwrpha, 250.
Ophiaaaunw, 271,
Ophiothriz, 103,
Ophiura, 105,
Ophiuroidea, 99, 105; general characters
of, 105,
Opossum, 822, 393,
Orang~outun", 359,
Organ-pipe Joral, 92,
Organs of the mouth of Insects, 161,
Orm‘thorhynchue, 819, 820, 321. 4
Or(ltoceraa, 216.
r(lmprera. 171, 172,
Ortyz, 208,
Oryc{cropm. 326.
scula of Sponges, 43, 40.
Ontracim:lidle, 243,
Ostracoda, 147,

Os)t&'{ch, 279, 281, 283, 284, 286, 288, 200,

Otidee, 207,
Otter, 347, y
Ovarian vesicles of Scrlulan‘da, 67,
Ovibos, 340,
Ovidee, 339,
0\'§positor, 161,
vis, 339,
Owls, 305,
Oxen, 339,
Ox_:mrlls-, 123,
Oyster-cntcher, 207,

Paca, 850,
Paddle-ﬂsh. 245,
Pa. uride; 147,
Wwontology, 17.
Pallial llne‘:g i,98.
allium (see Mantle),
Pnngolln, 320,
%:xmmhm;. 348.
aper I\nutllns, 208, 209 211, 219
’arama:ciwn, 39; ,nuc'leus 'nn ;i
us, 40; reproduction of, 41, f micleo.
anpodin, 128,
Wrakeets, 507,
Parrotg, 301,
Pnrtridge, 208,
asserine Birds, 302,
ntagium, 352,
l’auropoda, 158,
J’aurapus, 158,
Pavg, 299!
l’cn-fowl. 290,
early Nautily,
eceary, 334,
Il’,cflc"]'l 201.
edicellarize, of Echi; :
N o chinug, 109 -
Pedipalpi, 154,
Pelias, 27,
Pelicanus, 205, (
enguin, 295, l
Pennatula, 01,
Pcnlacrhuw. 108,
!’enlatoma, 171,
Peramclu, 323,
Perchers, 302,
Percida 243,
Perdicida.', 208,

8, 208, 209, 210, 212, 215,

of Stay.

Perdiz, 295 .

Perennibranchiqge (dmphivia), 250,

o f
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Perforata (Foraminifera), 81.
LPeridinivin, 42.
Peripatus, 158,
Perissodactyla, 331.
Petrels, 205,
Petromyzon, 239, 240.
Petromyzonide, 239.
I’Imcochwrus, 834,
Phalacrocoraz, 205.
Phalangers, 823.
Phalangista, 323,
Phalangiwm, 155,
Pharyngobranchii, 287, ct seq.
Pharynx, of Ascidians, 101 ; of Lancelet,
)

238,

Phascolarctos, 323,

Phasianida, 298.

Pheasants, 208,

Phoca, 346.

Pholades, 201,

Phryganeide, 173,

Phyllopoda, 146.

Physalia, 74, 75.

Physiology, 8.

Physophoride, T4, 75.

Picide, 300,

Pig, 834.

Pigeons, 200,

Pike, 243,

Pinnigrada, 345, 346.

Pipidee, 256.

Pisces, 227; general characters of, 228;
scales of, ib. ; skeleton of, 220 ; limbs
of, 230; tail of, 232 . digestive system
of, ib. ; respiratory system of, 233 ;
heart of, 234 : swim - bladder of, 2355
nervous system of, ib. ; reproduction
of, 236; orders of, 237,

Placental Mammals, 317,

Placoid Scales of Fishes, 220,

Plagiostomous Fishes, 246,

Planarians, 120,

LPlantigrada, 345,

Plant-lice, 171.

Platyelinia, 118, 114.

tyrhina, 856,

Plectognathi, 243,

Plesiosaurus, 275,

I’Icurubrachz’a, 95 ; canal-system of, 95,
96,

et seq.

Pleuronectidee, 243,
overs, 207,
Pneumutophom, 74.
j’dophtlmlmata, 138,
I Odosomata, 153,
Odure, 169.
Olecat, 847,
Solycheata, 139,
. Yol cystina, 34,
1Po ygastrica, 40,
1Palynoe, 135,
“Polypary, 57;
Polype, 87,
Polyplde, 188.
Polypidom, 57.
Polypite, 57.
Polypterus, 244, 245,
Polythalamia ( Loramin
Polyzoa, 184, 185, 186;
" ters of, 187, et seq.
Porcupine, 850.
Pores of Sponges, 46, 47,

era), 81,

general charac-

2

Porifera, 12, 21, 43 (see Sponges).
Porpoises, 328, 350.

Portuguese Man-of-war, 74.
Poulpe, 212, 213,

| Prairie Dog, 351,

Praya, 78.
Proboscidea, 818; general characters of,
341

Procellaride, 203,

Pracyon, 847,

Prong-buck, 839,

Proteus, 251, 252,

Proteus-animalcule, 95,

Protophyta, 8.

Protoplasm, 19.

Protozoa, general characters of, 18, et
seq. ; classification, 21,

Proventriculus of Birks, 285,

Proximal, 57.

Pseudo-hemal system (Annelida), 129.

Pseudo-hearts, 105,

Psendonavicellie, 23, P o

Pseudopodia, of Protozoa, 21; 6f Rhizo-
poda, 25; of A maeha, ib.

Pscu«lo-scorpions. 155.

Psittacide, 301,

Ptarmigan, 208,

Pteroclides, 200,

Pterodactyles, 975, 976,

Pteropidee, 353.

Pteropoda, 185, 186; general characters
of, 200, et seq.

Pteropus, 853,

Pl::rosauria. 260; general characters of,
275.

Pterygotus, 145,

Puff-adder, 2¢7.

Pulex, 175,

Pulicidee, 174.

Pulmonary sacs (A rachnida), 152.

Pulmonate Gasteropods, 205.

Puma, 349,

Pupa, 175.

Pyenogonum, 153.

Python, 269.

Quadrumana, 318; general characters of,
355, et seq.

Quagga, 333,

Quail, 298,

Raspit, 850,

Racoon, 347,

Radiata, 50,

Radiolaria, 83
38, 84.

Rails, 206.
Rallidee, 296.
Rallus, 296.
Rana, 254,
Ranide, 255,
Raptores, 208, 304, et seq.
Rasores, 203, 207, et seq.
5 351,
Ratitee, 200,
Rattlesnake, 267.
Rays, 245, 247,
Red Coral, 92, 94.
Red Deer, 338.
Reindeer, 338,
Reproduction, general features of, 34 s
in Hydroid Zoophytes, 62, et seq.

B

5 general characters of,
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Reptilia, 227 ; geaeral characters, of, 257,
et seq.; jaw of, 258 teeth of, ib.; cir-
culation of, 259; respiration of, 260;
orders of], i, ’

Respiratory tree of Holothurians, 110.

Respiratory tubes of Rotifera, 125, 126.

Rhamphastidee, 302,

Rhea, 291.

Rhinoceros, 331, 332.

Rhizocephala, 150.

Rhizocrinus, 108.

Rhizopuda, 21; general characters of,
24 ; divisions of, 25.

Rhizostoma, 80.

Rhizostomide, 80,

Rhytina, 328.

Ribbon-worms (see Nemertide:).

Rodentia, 318; eral characters of,
349, et seq.

Roebuck, 838,

Rorquals, 340,

Rose-chafer, 181.

Rotifera, 114; general characters of, 124,
et seq. y

Round-lworms, 122, 128,

Rugosa, 85 ; characters of, 04.

Ruminantia, 333; dentition of, 335;
stomach of, 336 ; families of, 337.

Runners'(Birds), 200,

SABLE, 847.

Salamanders, 253,

Salamandra, 258.

Salmonide, 243.

Sand-hopper, 144.

Sand-pipers, 206,

Sand-star, 105, 1006.

Sand-worm, 130.

Sanguisuga, 180, 131.

Sarcode, 250,

Sarcoids of Sponges, 43, 45.

Savropsida, 237.

Sauropterygia, 200; general characters,
274.

Saururee, 306,

Saw-flies, 179.

Scallop, 201.

Scansores, 203, 800, et seq.

Scincus, 272.

Seiuridee, 861,

Selerobasica (Zoantharia), 90,

Sclerobasic Corals, 87, 02, 63.

Selerodermata (Zoantharia), 86,

Sclerodermic Corals, 87,

Seolecida, 112 ; general characters of, 113,

Seolopacidee, 206.

Scolopendra, 158.

Scomberida, 243,

Scorpion, 151, 154, 155.

Scratchers (Birds), 207.

Sea-anemones, 85.

Sea-blubbers, 77, 7S.

Sea-cucumbers, 109,

Sea-eggs, 99.

Sea-lemons, 204

Seals, 346.

Sea-mats, 187, 188, 189, 100.

Sea-mosses, 187,

Sea-mouse, 135,

Sea-pens, 91.

Sea-rods, 91.

Sea-slugs, 204.

Sea-snakes, 268,

Sea-spiders, 153,

Sea-squirts, 101,

Sea-unicorn, 330,

Sea-urchins, 99,

Segmental organs of Annelides, 120,

Selachii, 246,

Semnopitheci, 357,

Sepia, 218, 214, 215,

Sepiola, 208.

Serpula, 153,

Sertularia, 66,

Se(tu(arida, 58; general characters of,
3§; polypites of, 67; reproduction of,

Sharks, 245, 246,

Sheat-fish, 243,

Sheep, 339,

Shell, of Foraminifera, 30; of Brachio-
poda, 193 ; of Lmncllc‘brarwhiala, 198 ;
of Gasteropoda, 204 i of Heteropoda,
205; of Pteropoda, 206; of the Argo-
naut, 212 ; of Pearly Nautilus, 215,

Shrew-mice, 854,

Shrikes, 304.

Siluridam, 243,

Sr:mx'a, 359,

chélonophnra, 58; general characters of,
<.

Siphonops, 950,

Siphons ?0[ Lamellibranchiala) 199,

Sipuncu us, 128, i

Siredon, 251.

Siren, 251, 950,
irenia, 817 : 7
re seq’. 3 geueral characters of, 827,

Skunk, 347,

Sloths, 324, 395.

Slow-worm, 270,

Snakes, 2064, et 8eq.

Snipes, 206,

Solaster, 104.

Solen, 201.

Sonatic cavity of Ceelenterata, 51,

Soricidee, 354, 7

Spatularia, 245,

Spcrm-wlmlc, 330.

Spheerozoum, 35,

Spheniscide, 205,

Sphingidae, 178,

Spider-crah, 141,

Spider-monkeys, 857,

gpildcrs, %5]' }_55. 156.
pinneret, of Spiders, 15;-
pillars, 177, o> 1905 of Cater.

Spiny Aut-cater, 319,

Spirorbis, 133,

Spirula, 214, 215,

Sp(;nges, 21 i'ene
et seq.; aquiferong gy,
productin:} of, 4%5 e,

S spamlzl. 49,

pongilla, 48, 49« 2

Spoog-wo,rm,'llgz' “eProduction of, 4s.

Springbok, 330,

Spring-tails, 169,

Squids, 213,

Squilla, 142,

Squirrel, 357,

Star-fish, 103, 104

Starling, 304, )

Star-nosed Mole, 854,

! 45, 47 re.
5 distribution Qr, l.ie

1l characters of, 48,/

o
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Stentor, 42,
Stephanoceros, 124.
Stomapoda, 142,
Storks, 206.
Strepsiceros, 340.
Strepsirhina, 8350,
Strepsiptera, 180,
Strigide, 305,
Stromlatnporla, 82
Struthio, 291,
Sturgeon, 220, 232, 244, 245.
Sturnidee, 304.
Stylaster, 82.

Stylops, 180.
Sub-kingdoms, 12. !
Suetoria (Infusoria), 88,
Suida, 324.

Sula, 205.

Sun-star, 104,

Surinam Toads, 256.
Sus, 834.

Swallows, 504,

Swan, 205.

Swifts, 284, 504,
Swim-bladder of Fishes, 235,
Swimmers (Birds), 203,
Swimming-bells, 72,
Sylviada, 304.
Synapta, 109, 111.
Syngnathide, 243,
Syrinz, 127, 128,

Tabanide, 176,
Feania, 114, et seq.
Peniada, 113 ; general

development of, 116,
L'alitrus, 144,
Talpa, 854.
Talpide, 354.
Tantalina, 206,
Tape-worm, 114 et seq.
Tapir, 831, 832,
Tasmanian Devil, 823,
Tegenaria, 156.
Teleostei, 237; general characters of, 241

et seq,
Tenree, 354.
Lenthredinider, 179,

enuirostres, 304,

‘erebratula, 104,

ermites, 179,

rn, 205,
%‘”’l‘npin. 203,

S, of Foraminifera, 30; of Echinoidea,

i of Tunicata, 191.
Cstudo, 263,

Tclr b )
|\ chr:or‘;gg_’““ta' 210, 212, 214, 215, 216.

\T'-‘traonidaz 208,
‘%’m lassicolls, 35,
‘ odont
‘Thick~kneefa?'9'?? %
'}“:xom&henﬂed Worms, 1921
iread-cells (se i '
Thrund-worm(ss.L :202'.ndw)'
Thmsh, 304.
Thylacinus, 393,
Thysanura, 169,
Ticks, 151, 153,
Tiger, 348, 349,
“Tillodontia, 340.
Tipula, 176.

characters of, 114;

B
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Toads, 749, 258, 254, 253, 250.

Tongue, of Gasteropods, 201; of Cephal-
opoda, 210,

Toothed Whales, 330,

Tortoises, 261, et seq.

Toucan, 302,

Tozxodontia, 341.

Trachesw, 152, 164,

Trachynemide, 69,

Tragulidee, 337, 338.

Tree-frogs, 2506,

Trematoda, 113 ; general characters of,
118,

Trepangs, 109.

Trichecus, 346.

Trichina, 124.

Trigonocephalus,

L'ritobita, 146.

Lringida, 206,

Trionycide, 263,

Triton, 253,

Lrochilidee, 804.

Troglodytes, 359,

Trogonide, 302,

Trophosome, 62.

Tube-feet of Echinus, 101,

Tube-worms, 130, 183

Tubicola, 133, 134.

'l'ub:;fvx, 131,132,

Tubipora, 02,

Tudbularia, 61.

Tubularida (see Corynida),

Tunicata, 186; general characters of, 101,
et seq.

Tupaia, 355,

Tu_;'bcllaria, 120; general characters of,
L

Turkey, 208.

Turn-stones, 207.

Turtles, 261, 262, 268.

7.
\J

UMBRELLA of Lucernarida,.76, S0.

Univalve Shells, 201.

Ungulata, 318 ; general characters of, 331,
et seq.

Upupine, 304

Uraster, 108, 104,

Urodela, 251,

Ursidae, 346,

VacvoLes, of dmaba, 26; of Parama-
cium, 39,

Vaginicola, 42.

Valkeria, 190,

Varanide, 271,

Vejl, of gonophores, G4; of nectocalyces,
733 of naked-eyed A/ edusee, 79.

Velella, 74, T5.

Venus’s flower-basket, 48.

Venus's girdle, 96.

Veretillum, 91, 92,

V.ertebm. structure of, 220.

Vertebrata, 11, 12, 13; general characters
of, 218, et seq. ; skeleton of, 220; diges-
tivesystem, 223 hlood of, 225 ; respira-
tion of, b.; nervons system of, 22¢;
reproduction of, ib.; divisions of, ib.

VESICI:(; contractile, of Protozoa, 19, 25,

Vespida, 179,
Vinegar Eel, 123.
Viperidee, 267,
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Viperina, 267. =
Virgularia, 91.
Viverridea, 347.
Vorticella, 38, 41, 42,
Vulture, 305.

Wapers (Birds), 205.
Wah, 347.

Walrns, 346.

Wapiti, 338.
Warblers, 304.
Wart-hog, 334.
‘Wasps, 179.
Water-fleas, 147,
Water-hens, 200,
Weasel, 347.

INDEX.

Whale, 310, 812, 316, 827, 32§, 320, 330.
Whalebone Whale, 5829,

Wheel-animalcules, 124,
White Ant, 173.

Wolf, 347.

Wolverine, 347.
Woodecock, 200.
Wood-lice, 148.
Woodpeckers, 300.

Xiphosura, 145.

ZEBRA, 333,
Zoantimria., 85: Malacodermata, S5,

Selerodermata, 86; Sclerobasica, 00.
Zoanthus, 86.
Zobid, 57.
Zoological Provinces, 15,
Zoology, definition of, 2.
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2 William Mackwood and Sons’

. English Composition.
A Manual of English Prose Literature, Biograph-

. visties of style.
ical and Critical : designed mainly to show chm‘ﬂ.gte"!"{“Ei_{;gr:gl}m
By WiLLiat Mixto, M. A., Prof. of Logic and English WA Tey
in the University of Aberdeen. Second Edition, ?m;\‘n i

*¢ A masterly manual of English prose literature,” —Standard. oo

“Will be weleomed by those who are capable of appreciating exe {“tL l-:-lln;‘uni-llt
manship. It is not msh to say that this work is the first ::_(.-_lu:‘ml‘ A _!”- ST
of the subject by an English writer, . . . About the ability as we S S
originality of the work there cannot be two opinions. The views 'T'.l'“ WAy s
are expressed in tegge, weighty, incisive dicta—sentences to be !TIITTI":‘ l‘c‘ - the
a geologist carrles away a sample. . . . Ttis the best English book on
subject."—Observer.

“ Mr Minto's is no eommon book, but a very careful and we b lcon:
survey of the wide field he traverses—a survey undertaken not HOMe =
siderable eritical competeney and large equipment of knowledgze. ':“;"- K

YTt is not often that i is onr good fortune to come across so excellent a boo

as that before us. . . . He has approached his theme from a new point, and
treated it in a new manner,"—Educational Times,

Characteristics of English Poets, from Chaucer
o SHIMLEY. By the Saye. Second Edition. Crown 8vo, 7s. Gl

English Prose Composition; a Practical M:}nual
FOR* UsE 1§ ScHooLS. By James Curnrig, LL.D., Princ p:t] of

the Church of Scotland Training College, Edinburgh, Thirty-
Eighth Thousand. 1s. 6d.

“We do not remember havi en o work so completely to our minds as
this, which combines sound theory with judicious practice. Proceeding step by
step, it advances from the formation of the shortest sentences to the composi-
tion of complete essays, the pupil being everywhere furnished with all needful
assistance in the way of models and hints, Nolody can work through such o
book as this without thoroughly understanding the structure of sentences, and
aequiring facility in arranging and expressing his thoughts appropriately. 1t

considered

ought to be extensively usel."—dthenwuwn,

Mathematics.

Primer of Geometry. An Easy Introduction to
: the Propositions of Euclid, By Fraxcis CUTHBERTSON, M.A.,
LL.D., late Fellow of Corpus Christi College, Cambridge; Head

%Iat&nl:mnticnl Master of the City of London School. 5th Edition.
5. 6.

#The selection is most judicious, and we believe the plan will be success-
ful."—Spegtator, .

The Theory of Arithmetic. By Davin Mony,
F.R.S.E., Mathematical Master, Royal High School of Edinburgh.
Crown 8vo, pp. 204, 5s,

Treatise on Arithmetic, with numerous Exercises
for Tcn-(:hi“g in Classes. By Jaxes WatTsoy, one of the Master
of Heriot's Hospital. A New Edition. Feap. 1s,

Algebra for Beginners. By C. Swmirn.  Part I.

Feap. 6d. Answers to ditto. 2d. T
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Latin and Greek.

Aditus Faciliores: an Easy Latin Construing
Book, with Complete Vocabulary. By A. W, Porrs, M.A.,
LL.D., Head-Master of the Fettes College, Edinburgh, and some-
time Fellow of St John's College, Cambridge ; aund the Rev. C.
DARNELL, M.A., Head-Master of Cargilfield Preparatory School,
Edinburgh, and late Scholar of Pembroke and Downing Colleges,
Cambridge. Eighth Edition. Feap. 8vo. 3s. @&l.

Aditus Faciliores Graeci: an Easy Greek Con-

struing Book, with Complete Vocabulary. By the Sauz AUTHORS,
Fourth Edition. Feap. 8vo. 3s.

A Parallel Syntax. Greek and Latin for Beginners,
with Exercises and a Greek Vocabulary. By the Rey. HERBERT
W. SNEYD-KYNNERSLEY, LL.M., Trin. Coll., Cambridge ; Head-
Master of Sunninghill House, Ascot; Author of ¢ Greek Verbs for
Beginners,” &c. Crown Svo. 3s.

Practical Rudiments of the Latin Language ;
or, LATIN ForMs aNp ENGLISH Roors. Comprising Accidence,
Vocabularies, and Latin - English, English - Latin, and English
Derivative Exercises, forming a complete First Latin Course, both
for English and Latin Classes. By Jony Ross, M.A., Rector of
the High School of Arbroath.  Second Edition, Crown S8vo,
Pp. 164, 1s. 6d.

Introduction to the Writing of Greek. For the
Use of Junior Classes, By Sir D. K. Saxprorp, A.M., D.C.L.
New Edition. Crown Svo. 3s. 6d. [

Rules and Exercises in Homeric and Attic Greek,
to which is added a short System of Greek Prosody. By the
SaME. New Edition. Crown Svo, 6s. 6d.

Greek Extracts, with Notes and Lexicon. For

the use of Junior Classes. By the SAME. New Edition.

Crown
Svo. 6s.

Greek Testament Lessons for Colleges, Schools,
AND PRIVATE STUDENTS. Consisting chiefly of the Sermon on
the Mount, and Parables of our Lord, With Notes and Essays;
By the Rev. .J. HuNTeR SMITH, M.A., First Assistant-Master at
King Edward’s School, Birmingham, former]y Scholar of Merton
College, Oxford. Crown 8vo, with Maps. 6s.

The Principles of Singing. By Arperr B. By
Gs.

Crown 8vo, [ust reaay.
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Mr Stormonth’s

English Dictionaries.

16
AN ETYMOLOGICAL AND PRONOUNCING

Dictionary of the English Language. Including
a very Copious Selection of Scientific, Technical, and other Terms
and Phrases. Designed for Use in Schools and Colleges, and as
a Handy Bgok for General Reference. By the Rev. Jades
STORMONTH. ~ The Pronunciation carefully revised by the Rev.
P. H. Puece, M.A. Eighth Edition, revised, with a new and
enlarged Supplement. Crown 8vo, pp. 795, 7s. 6d.

““This Dictionary is admirable. The etymological part especially is good and
sound. . . . The work deserves a place in every English school, whether
boys’ or girls."—Westininster Review.

A good Dictionary to people who do much writing is like a life-belt to
people who make ocean voyages : it may, perhaps, never be needed, but it is
always safest to have one at hand. This use of a d ctionary, though one of the
humblest, is one of the most general.  For ordinary purposes a very ordinary
dictionary will serve; but when one has a dictionary, it is as well to have a
good one. . . . Special care seems to have been bestowed on the pronun-
ciation and etymological derivation, and the ‘root-words’ which are given
are most valuable in helping to a knowledge of primary significations.  All
through the book are evidences of elaborate and conscientions work, and any
one who masters the varied contents of this dictionary will not be far off the
attainment of the complete art of ‘writing the English langnage with Pro-
priety,' in the matter of orthography at any rate.”"—Belfust Northern Whigq.

A full and complete etymological and explanatory dictionary of the English
lauguage. . . . We have not space to describeall its excellences, or to point
out in detail how it differs from other lexicons; but we cannot with Justice
omit mentioning some of its more striking peculiarities. In the first place, it
is comprehensive, including not only all the words recognised by .the best
authorities as sterling old English, but all the new coinages which have passed
into general circulation, with a great many scientific terms, and those which
come urder the designation of slang. . . . The pronunciation is carefully and
clearly marked in accordance with the most approved modern usage, and in
this respect the Dictionary is most valuable and thoroughly reliable.  As to the
etymology of words, it is exhibited in a form that fixes itself upon the memory,
the root-words showing the probable origin of the English words, their primary
meaning, and their equivalents in other languages.  Mueh useful information
and instruction relative to prefixes, postfixes, abbreviations, and phrases from
the Latin, French, and other langnages, &c., appropriately follow the Diction-
ary, which is throughous beautifully and most correetly printed.”— Civil Service
Gazefte.

¢ A really good and valuable dictionary,"—Journal of Education.

I am happy to be able to express—and that in the strongest terms of com-
mendation—my opinion of the merits of this Dictionary. Considering the ex.
tensive field which it covers, it seems to me a marvel of painstaking labouy and
general accuracy. With regard to the seientific and technical words $0 exten-
sively introduced into it, T must say, that in this respect [ know no Dictionary
that so satisfactorily meets a real and widely felt want in oup literature of
reference. I have compared it with the large and costly works of Latham
Wedgwood, and others, and find that in the fulness of its details, and the
clearness of its definitions, it holds its own even against them, The e'tvmo] i
has been treated throughout with much intelligence, the most distin, 'uislo"l
authorities, and the most recent discoveries in philological scienee, hn\.‘i’l" 'belef
laid under careful contribution."—Richard D. Graham, Esq., I'J'l,rllish 1‘?«3(u‘
College for Davghters pf Ministers of the Church of Scotland uand of Professors e:;;
the Scottish Universities.
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TE
The School Etymological Dictionary and Word-
BOOK. Combining the advantages of an ordinary Pronouncing
School Dictionary and an Etymological Spelling-Book. Contain-
ing: T'he Dictionary—List of Prefixes—List of Postfixes—Voeab-
nlary of Root-words, followed by English Derivations. By the
Same. Third Edition. Feap. 8vo, pp. 260. 2s,

“This Dictionary, which contains every word in ordinary use, is followed up
By a earefully prepared list of prefixes puld postlixes, with illustrative examples,
and a vocabulary of Latin, Greek, and other root-words, followed by derived
English words, It will he obvious to every experienced tencher that these lists
way be made available in many ways for imparting a southdl knowledge of the
English lang and for helping nufortunate pupils over the terrible difficnlties
of onr unsystematic and stubborn orthography,  We think this volume will be
a valuable addition to the }I'Il[lil'h‘ store of hooks, and, if rightly used, will prove
a safe and suggestive guide to a sound and thorough knowledge of his native
tongue,” —The Sehoolmaster,

Y My Stormonth, in this admirable word-hook, has provided the means of
eprrying out our principle in the higher classes, and of correcting all the in-
exnctness and want of completeness to which the English student of English is
linble. His book is an etymological dietionary enrtailed and condensed. . . .
The pronuncintion is indieated by a neat system of symbols, easily mastered
n} the _n;ll.'«'ut, and indeed pretty nearly speaking for themselves."—School Board
Chronicle.

III.
The Handy School Dictionary. For Use in Ele-

mentary Schools, and as a Pocket Reference Dictionary, By the
SaME. Pp. 268, 9d.

History.

Epitome of Alison’s History of Europe, for the
Usg oF Scuoors, 20th Thousand. Post 8vo, pp. 604. 7s. 6d.,
bound in leather., Atlas to ditto, 7s.

The Eighteen Christian Centuries. DBy the Rev.
Jases Warre, Author of ‘The History of France.” Seventh
Edition, post 8vo, with index. 6s.

* He goes to work upon the only true prineiple, and produces a picture that
at onece satisfies truth, arrests the memory, and fills the imagination. Tt will
be diffientt to lay hands on any book of the kind more useful and more enter-
taining." —T'mes.

History of France, from the Earliest Times. By
the Same.  6th Thousand, post 8vo, with Index. 6s.

History of India: from the Earliest Period to the
Crose or THE INDIA COMPANY'S GOVERNMENT, WITH AN EpI-
TOME OF SuBsEQUENT EVENTS. Abridged from the Author's
larger Work, By JOHN CLARK Mamrshmaw, C.8.I. Crown 8vo,
Pp. G68. 6s. 6d. Second Edition, with Map.

‘‘There is only one History of India, and that is Marshman's,’ exclaimed a
critic when the original three-volnme edition of this book appeared some years
ago, He had read them all, and a whole library of books veferring to {mﬂnﬂs

of the history, and this was his conclusion. Itis a wise and a just verdiet,"—
Daily Review,



6 Wiltiam ackwood and Sons’

Geography.
- Eleventh Thousand,

Manual of Modern Geography : Mathematical
PHYSI0AL, AND POLITICAL : on a neay plan, embracing a u;?l:-lne“
development of the River Systems of the Glohe. By ll‘I_ R
ALEXANDER Mackay, LL.D., F.R.G.S. Revised to date of p
lication.  Crown 8vo, Pp. 688, 7s. 6d. ; SO

This volnme—ti®@result of mauy years' unremitting npplication—is speeially
adapted for the nse of Teachers, Advane

e Classes, Candidates for the Civil
Service, and proficients in geography generally,

Fifty-First Thonsand,
Elements of Modern Geography. By the SaMe

* Revised to the present time. Crown 8vo, pp. 800, 8s. ;
The * Elements’ form a eareful condensation of the ‘Manonl,' the “r'l‘frn':'.
mrangement Leing the sumne, the river-systems of the globe playing the sa
conspicuous part, the pronnmei;

ttion being given, and the results of HH_'- 11“{‘:5
tensus heing uniformly exhibited, i5 now extensively introduc

This volume
nto many of the best seliools in the kingdom,
One Hundred and Seventicth Thousand.
Outlines of Modern Geography. By the SAME.-
Revised to the Present time,  18mo, pp, 112. 1s.
These * Outlines’—in many respects gy epitome of il « Elements’—are care-
fully prepared to meet the want

5 of beginners. The arrangement is the same
a8 in the Author's larger works, W inute details ave

avoided, the broad outlines
are graplically resented, the accentuation gy

52 cex ked, and the wmost recent
changes in puoliticat Beography exhibited,

Tenth Ldition, Revised.
The Intermediate Geography. Intended as an

Intermediate Book hetween tha Author's ‘ Outlines of Geography '
and “Elements of Geography,’

T By the Sank. Revised to the

Present time, Crown 8vo, pp. 238. 95,

Seventy-Ninsh Thousand,

First Steps in Geography. By the Samp, Re-
vised to the present iy 18mo, pp. 56. Sewed, 44, Incloth, 6d.

Ge%(gi'raphy of the Britisp Empire. By the Saum.

Elements of ppyq; : Vi il
i'llomqnnd. Secpaﬁ‘séog‘raphyo B} Lhe SA:“E. 23t11
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OPINIONS OF DR MACKAY'S GEOGRAPHICAL SERIES.

Annual Address of the President of the Royal Geographical Society.—
We must admire the ability and persevering research with which he has sue-
ceeded in imparting to his * Manual’ so much freshness and originality. In no
réspect is this character more dpparent than in the plan of arrangement, by
which the author commences his description of the physical geography of cach
tract by a sketeh of its true basis or geological structure. It is, indeed, a most
useful school-book in opening out geographical knowledge.

O “
Saturday Review.—It contains a prodigious array of geographical facts, and
will be found useful for reference.

English Journal of Education.— Of all the Manuals on Geography that have
come under our notice, we place the one whose title is given above in the first
rank. For fulness of information, for knowledge of method in arrangement
for the manner in which the details are handled, we know of no work that cuu,
in these respects, compete with Mr Mackay's Manual. d

A. KEITH JOHNSTON, LL.D., F.R.S.E,, F.R.G.S., H.M. Geographer
for Scotland, Author of the ‘Royal Atlas,’ &c., &c.—There is no work of
the kind in this or any other lnnguage, known to me, which comes so near my
ideal of perfection in a school-book, on the important subject of which it treats,
In arrangement, style, selection of matter, clearness, and thorough accuracy of
statement, it is without a rival; and knowing, as 1 do, the vast amount of
Iabour and research yon bestowed on its production, I trust it will be so appre-
ciated as to insure, by an extensive sale, a well-merited reward.

G. BICKERTON, Esq., Edinburgh Institution.—I have been led to form a
very high opinion of Mackay's ‘Manual of Geography' and * Elements of Geo-
graphy,’ partly from a careful examination of them, and partly from my expe-
vience of the latter as a text-book in the EDINBURGH INSTITUTION, One of
their most valuable features is the claborate T:lh_lc of River-Basins and Towns
which is given in addition to the ordinary Provinee or County List, so that a
good idea may be obtained’ by the pupil of the natural as well as the political
relationship of the towns in each country. On all matters conneeted with
Physical Gcngml\hy, Ethunography, Government, &e., the information is full
aceurate, and well digested. They are books that can be strongly NCO!llmcnded
to the student of geography.

RICHARD D. GRAHAM, English Master, College for Dau
Ministers of the Church of Sc_otinnd and of Profes%ors in theglétt’:%lai:}f
Universities.—No work with which I amn acquainted so amply fulfils the con-
ditions of a perfect text-book on the important subject of which it treats, as
Dr Mackay's * Elements of Modern Geography.’ In fulness and accuracy of
details, in the scientific grouping of facts, combined with clearness and Sim-
plicity of statement, it stands alone, and leaves almost nothing to be desired
in the way of improvement. Eminently fitted, by reason of this exceptional
variety anil thoroughness, to meet all the requirements of higher education, it
is never without a living interest, which adapts it to the intelligence nfordhuyxr\-
pupils. It is not the least of its merits that'its information is abreast of ail
the latest do_vclupmcnts in gcn,,"l:lpluc:\l st_:ienuo, accurately exhibiting both the
recent political and tervitorial changes in Europe, and the many %mportant
results of modern travel and research. ¢

Spectator.—The best Geography we have ever met with.
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Physical Geography.

Introductory Text-Book of Physical Geography.
With Sketch-Maps and Illustrations. By Davip Pace, LL.D.,
&ce., Author of Text-Books of Geology; and Professor CHARLES
LarworTH.. Eleventh Edition. 2s. 6d.

*“The divisions of the subject are so clearly defined, the explanations are so
lucid, the relations of one portion of the subject to another are so satisfactorily
shown, and, above all, the bearings of the allied sciences to Physical Geography
are brought out wi#h so much precision, that every reader will feel that diffi-

culties have been removed, and the path of study smoothed before him."'—
Athenanom.

“* Whether as a school-book or a manual for the private student, this work
has no equal in our Educational literature.”"—JIron.

Advanced Text-Book of Physical Geography.

With Engravings, By the Saye. Third Edition. s,

f“A thoroughly good Text-Book of Physical Geography."—Saturday Review.

Examinations on Physical Geography. A Iro-
gressive Series of Questions, adapted to the Introductory and
Advanced Text-Books of Physical Geography. By the SAME.
Sixth Edition. 9d.

Elements of Physiography and Physical Geo-
GRAPHY. With express reference to the Instructions recently
issued by the Science and Art Department. By the Rev. ALEX.
Mackay, LL.D., F.R.G.S., Author of ‘A Manual of Modern Geo-
graphy, Mathematical, Physical, and Political,” &c. 'With numer-
ous Illustrations. 25th Thousand, pp. 164. 1s. 6d.

Comparative Geography. DBy Carl Ritter. Trans-
lated by W. L. Gage. Feap. 3s. 6d.

Botany.

A Manual of Botany, Anatomical and Physio-
logical. For the Use of Students. By ROBERT BROWN, M.A.,
Pr.D., F.R.G.S. Crown 8vo, with numerous Illustrations.
12s. 6d.

«We have no hesitation in recommending this volume to our readers as he-
ing the best and most reliable of the many works on Botany yet issued, . , .
His manual, will, if we mistake not, be eagerly consulted and attentively
studied by all those who take an interest in the science of botany.”— Cipil
Service Gazette.
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Geology.

Eleventl Edition.
Introductory Text-Book of Geology. DBy Davip

PAGE, LL.D., &e., Professor of Geology in the Durham Univer-

- sity College of Physical Science, Newcastle. With Engravings on
- Wood, and Glossarial Index. 2s. fd.

It has not been our good fortune to examine a text-book on science of which

we coulq express an opinion so entirely favourable as we are enabled to do of
Mr Page's little work."—. A thenaam.

Sixth Edition,
Advanced Text-Book of Geology, Descriptive and

INpusTrIAL.  With Engravings, and Glossary of Scientific Terms.
By the Same.  Revised and enlarged. 7s. 6d.

#We have carefully read this traly satisfactory book, and do not hesitate to
say that it is an excellent compendinm of the great facts of Geology, and writ-
ten in a trathful and philosophic spivit.” —Edinburgh Philosophical Journal,

“As a school-book nothing can mateh the Advanced Text-Book of Geology
by Professor Page of Neweastle."—Mechanics' Magazine.

*“We know of no introduction containing a larger amount of information in
the same space, and which we could more cordially recommend to the geolog-
ical student."—Athenmum.

L~

Tenth Edition.

. . ¢ Shide

The Geological Examinator. A Progressive Series
of Questions, adapted to the Introductory and Advanced Text-
Books of Geology. Prepared to assist Teachers in framing their
Examinations, and Students in testing their own Progress and
Proficiency. By the Saye. Od.

“TFew of our handbooks of popular science can be said to have greater o‘r
more (lccisi\)'c merit than those of Mr Page on Geology and Palwontology.
They are clear and vigorous in style, they never oppress the reader with a
pedantic display of lemning, nor overwhelm him with a pompous and super-
fluous terminology ; and they have the happy art of taking him stm:ght.wpy to
the face of nature herself, instead of leading him by the tortuous and h(!\\:lldcl‘-
ing paths of technical system and artificial classification."—Saturday Review.

German.

A Handy Manual of German Literature. Ior
Schools. Civil Service Competitions, and University Local Exam-
inations. By M. F. REID. Feap. cloth. 3s,

A Treasury of the English and German Lan-
GUAGES, = Compiled from the best Authors and Lexicographers
in both Languages. Adapted to the Use of Schools, Students,
Travellers, and Men of Business; and forming a Companion to all
Germxm-]iuglish Dictionaries. By Josepn Cauviy, LL.D. &
PH.D., of the University of Gittingen, &c. Crown 8vo, 7s. 6d.,
bound in cloth. ;

e e e
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Zoology.
A Manual of Zoology, for the Use of Students.

With a General Tntroduction on the Principles of Zoology. By
HENRY ALLEYNE NICHOLSON, M.D., D.Sc., F.L.S., F.G.S.,
Regius Professor of Natural History in the University of Aber-
deen. Sixth Edition, revised and greatly enlarged. Crown Svo,

pp. 865, with 394 Engravings on Wood. 14s.

‘1t is the best xgnnu:ll of zoology yet published, not merely in England, but
in Europe."— Pall Mall Gazette.

‘*The best treatise on zoology in moderate compass that we possess.'—
Lancet,

: Text-Book of Zoology, for the Use of Schools.

By the Saxe. Third Edition, enlarged. Crown 8vo, with 188
Engravings on Wood. 6s,

*“This capital introduction to natural history is illustrated and well got up in
every way. We should be glad to see it generally used in schools.”—2Med ical
Press and Cireular.,

Introductory Text-Book of Zoology, for the Use

OF JUNIOR CLASSES. By the SaME. Fifth Edition, revised and
enlarged, with 156 Engravings. 35, x ?

““ Very suitable for junior classes in schools. There is no reason why any one
should not become acquainted with the principles of the seience, and the facts
on which they are based, as set forth in this volume."—Lancet,

“ Nothing can be better adapted to its object than this cheap and well-
written Introduction."—ZLondon Quarterly Review. ]

Outlines of Natural History, for Beginners ; heino
Descriptions of a Progressive Series of Zoological Types. By the
SaMe. Third Edition. With 52 Engravings. 1s. 6(‘. i

“ There has been no book since Patterson's well known ¢
that has so completely provided for the clas
capital little volume by Dr Nicholson."—P

{ Zoology for Schools *
$ to which it is addressed as the
opular Seience Review.

Examinations in Natural History ; being

z a Pro-
gressive Series of Questions adapted to the Author's Introductor\'
and Advanced Text-Books and the Student's Manua] of Zoology
By the Same,  1s. ol

Introduction to the Study of Biology

B
SaMmE. Crown 8vo, with numerous Engravings, Os. y the

— Qv-ﬁ—\_.f
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Paleeontology. A
A Manual of Paleontology, for the Use of Students.

With & General Introduction on the Principles of Palweontology.
By Professor H. ALLEYNE NICHOLSON, Aberdeen. Second Edi-
tion. 2 vols. 8vo, with 722 Engravings. 42s.

«he most eomplete and systematic treatise on the subject in the English
Janguage. 1t has not only been thoroughly revised and to a great extent re-
written, but so much enlarged by the addition of new matter, that it may claim
to be considered to all intents and purposes & new book."—Saturday Review.

The Ancient Life - History of the Earth. An
Outline of the Principles and Leading Facts of"l’almontologic:\l
Science. By the Sayme.  With a Glossary and Index. In crown
8vo, with 270 Engravings. 10s, 6d.

Agriculture.

Catechism of Practical Agriculture. DBy HENRY
Stepaens, F.R.S.E., Author of the ‘Book of the Farm.' 19th
Thousand, With Engravings. 1s, i

¢ Peachers will find in this little volume an admirable course of instruction
in practical agriculture—that is, the outlines which they may easily fill up
and by following the hints given in Mr Stephens' preface, the course would
searcely fail to be quite interesting, as well as of great practical benetit,

Landed proprietors and farmers nnngt with propriety encourage the introduc-

tion of this work into schools."—Aberdeen Jowrnal.

Professor Johnston’s Catechism of Agricultural
CHEMISTRY. A New Edition, being the 81st Thousand, revised
and cxtended by Cuarues A. CaMERoN, M.D., F.R.G.S.1., &c.
With Engravings. 1s.

Professor Johnston’s Elements of Agricultural
CHEMISTRY AND GEOLOGY. Thirteenth Edition, revised and
brought down to the present time, by CHARLES A. CAMERON, M.D.,
F.R.G.S.L., &c. Foolscap. Us. 6l

Popular Chemistry.
Professor Johnston’s Chemistry of Common Life.

New Edition, revised and brought down to the present time.
By Anraur HERBERT CHURCH, M.f\. Oxon., Author of ‘Food,
its Sources, Constltucn,tsz and Uses; ‘The_ Laboratory Guide for
Agricultural Students,” &e. Ilustrated with Maps and 102 En-
gravings on Wood. Crown 8vo, pp. 618. 7s. 6d.

“No popular seientific work that has ever been published has been more
generally and deservedly appreciated than the late Professor Johnston's
“Chemistry of Common JAfZ i I.t remains unrivalled as a clear, inter-
esting, comprehensive, and exact treatise upon the important subjects with'
which it deals. . . . The book is one which not only every student but
every educated person who lives should read, and keep to refer to."—3Mark
Lane Express.

“The established reputation of this volume is not merely maintained, but
its value is considerably increased by the care with which every subject has
been posted up to the date of pul)liczltion."—A(Itcno.'mn.
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Mental Philosophy.

Seventh Edition, ! -
Lectures on Metaphysics. By Sir WiLLiax
HaMitroN, Bart., Professor of Logic and Metaphysics in the
University of Edinburgll. Edited by the Very Rev. H. L. Man-

SELL, LL.D., Dean of St Paul's, and Jonx VerrcH, LL.D., Professor
of Logic and Rhetorie, Glasgow. 2 vols. 8vo, 924s.

Third Edition.

Lectures on Logic. By Sir WiLLianm Hamrnrox,

Bart.  Edited by the Same, 2 vols. 8vo. 24s.
Third Edition.

Discussions on Philosophy and Literature,
EDUCATION AND UNIVERSITY REFORM. By Sir WiL-
LIAM HaMILTON, Bart. 8vo, 21s.

New Edition.

Philosophical Works of the late
FREDERICK FERRIER B.A. Oxon., LL.D., Professor of Moral
Philosophy and Political Economy in the University of St
Andrews. - 3 vols. crown 8vo, S4s, 6d.

The following are sold Separately :—
INSTITUTES OF METAPHYSIC. Third Edition. 10s, 64,

LECTURES ON THE EARLY GREEK PHILOSOPHY. New
Edition. 10s. 6d,

PHILOSOPHICAL REMAINS, INCLUDING THE LECTURES ON
EArLY GREEK PHILOSOPHY.

Edited by Sir Arnex, GRANT,
Bart., D.C.L., and Professor LUSHINGTON. 2 vols, 24s.

. Zighth Edition.
Port Royal Logic. Translated from the French :

with Introduction, Notes, and Appendix. By THOMAS SPENCER
BAavNEes, LL.D., Professor of Logic and English Literature in the
University of St Andrews. 12mo, 4s,

: . Eighth Edition.

Method, Meditations, and Principles of Philo-
SOPHY OF DESCARTES. Translated from the original French
and Latin. With a New Introductory Essay, Historical and
Critical, on the Cartesian Philosophy. By JouN VEerrcn, LL.D.,

Professor of Logic and Rhetoric in the University of Glasgow,
12mo. 6s, 6d.

The Philosophy of History in Europe. Vo) L,
containing the History of that Philosophy in: FRaNCE ang G
MANY. By ROBERT Frinn, D.D., LL.D., Professor of Divinity i
the University of Edinburgh. Syvo, 15s.

A SCIENCE PRIMER

On the Nature of Things. By Jonxy G,

LL.D., D.D. Crown 8vo, with illu

James

Macvican
strations, 3, 6(1.* ‘I(”\R’
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NOW BEING ISSUED.

Philosophieal Classies for English Readers.
Edited by WiLtias KN16uT, LL.D., Professor of Moral Philosophy,
University of St Andrews. In crown 8vo, cloth boards, with Por-
traits, price 3s. 6d. each.

.

The aim of this Third Series will be to tell the general reader—who
cannot, possibly peruse the entire works of the Philosophers—who the
founders of the chief systems were, and how they derlt with the great
questions of the universe; to give an outline of their lives and char-
acters; to showhow the systems were connected with the individualities
of the writers, how they received the problem of Philosophy from their
predecessors, with what additions they handed it on to their successors,
and what they thus contributed to the increasing purpose of the world’s
thought and its organic development.

The Series will thus unfold the History of Modern Philosophy under
the light cast upon it by the labours of the chief system-builders. In
each work it will be the aim of the writers to translate the discussion
out of the dialect of the Schools, which is often too technical, and
which presupposes the knowledge of a special vocabulary, into the
language of ordinary life. If the philosophical achievements of such
writers as Descartes, Spinoza, Bacon, Hobbes, Locke, Leibniz, Butler,
Berkeley, Hume, Stewart, Kant, Fichte, Hegel, Cousin, Comte, and
Hamilton (not to refer to other names), were thus recorded,—and the
discussion popularised without being diluted,—it is believed that

_the Series would form a useful assistance to the student of Philosophy,
and be of much value to the general reader.

The Volwmes published of this Series contain—

1. DESCARTES, . - . . : By Professor Manarry, Dublin.

1I. BUTLER, § . . . By the Rev. W. Lucas CoLruixns, M.A.
111 BERKELEY, . s A . By Professor Fraser, Edinburgh.
1v. FICHTE, . - By Professor Apamsox, Owens College, Manchester.
V. KANT, { 3 X ~ : ~ By Professor Warrtace, Oxford.
VI, HAMILTON, ¢ & ¢ . . By Professor Veircr, Glasgow.
VII. HEGEL, . c . . . By Professor Epwarp Cairp, Glasgow.
VIII. LEIBNIZ, . % . . . . . By Joux Tueonore MERZ.
IX. VICO, i ; A . . . By Professor FLixt, Edinburgh.

In preparation—

HOBBES, . . y % y By Professor Croox RoperTs0N, London.
HUME, y ¢ y F - S . . 8 5 By the Eprror.
BACON, ( § ; b ) ! s By Professor Nicuor, Glasgow.
SPINOZA, . . > 2 By the Very Rey. Principal Cairp, Glasgow.
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Ancient Classics for English Readers. Edited
by the Rev. W. Lucas CoLruINs, M.A. Complete in 28 vols.,

price 2s. 6d. each, in cloth (sold separately) ; orbound in 14 vols.,
with calf or vellum back, for £3, 10s. ‘ '

“In the nd‘vurtising catalogues we sometimes sep a book labelled as one
‘without which no gentleman’s library can be looked upon as complete,” It
may be said with trath that no popular library or mechanice's institute will be
properdy furnished withont this series, |, | | These handy Looks to ancient
classical literature are at the same time as attractive to the seholar as they

ought to ba to t English reader, We think, then, that they are destined to
» attain arwide and during circulation, and we are quite sure that they deserve

L= Westminster Review, )

“Itis difficult to estimate 00 highly the value of such a series as this in
giving * English readers’ an Insight, exact as far as it goes, into those olden
times Which are so remote and yet to many of us so «:Iosu."—s(zmrduy Review.

“ We gladly avail ourselves of this opportunity to recommend the other vol-

umes of this useful series, most of which are executod with diserimination and
nbility."—Qmu'lcrly Review.

Co.\"n:.\‘Ts.—Homer: The Iliad, by the Editor, Homer ; The Odyssey, by
the Editor, Herodotus, by G. . Swayne, M. A, Xenophon, by Sir Alexander
Grant, Bart. Euripides, Ly W, B. Donne.. Aristophanes, by the Editor.
Plato, hy Clifton W, Collins, M. A. Lucian, by the Editor, ZEschylus, by
Reginald 8, Copleston, 1. D, (uow Bishop of Colombo), Sophocles, by Clifton
W. Collins, M.A. Hesiod and Theognis, by the Rev, J. Davies, M.A.  Greek
Anthology, by Lord Neaves, Virgil, by the Editor, Horace, by Theodore
Martin, Juvenal, by Edwarq W;;lff.-rd, M.A.  Plantus and Terenee, by the
Editor. The Commentaries of Caisar, Ly Ant‘hony' Trollope, 'i'ncihlu. by W.
B. Donne. Cicero, by the Editor, . Pliny's Letters, by the Rev, Alfred Church,
MLAL, and the Rev, W. J. Brodribh, M. A, Livy, by the Editor.  Ovid, by the
Rev. A, Church, M. A, Catullus, Tibullus, ana Propertius, by the Rev. James
Davies, M.A. Demosthenes, by the Rev. w, 7. Brodrihh, M. A, Aristotle, by
Sir Alexander Grant, Bart,, LL.D. Thugydides, by the Editor, Lucretius, by
W H. Mallock. Pindar, by the Revy, F. D, Morice, M. A,

-

Foreign Classics fop English Readers. Edited

by Mrs OLierane, In course of publication, price 2s. 6d. each.

“The Wonderful and well-deseryed suceess of the ¢ Ancient Classics* natu-
rally led to the extension of the design ; ::nd the kindred series of € Foreign
Classics’ Vids faiy t, rival its predecessor in educationsl yalue, —London
Quarterly Review, )

CoxTinTs, —Dante, by the Editor. Voltaire, by Major-General Sir E, B,
Hamley. Pascal, by Principal Tullgen, Petrarch, by Henry Réeve. Gogtle, by
A. Hayward, Q.C. Moliére, by the Editor and 1. Tarver, MiA. Moutai;ne, by
the Rev. W. Lucas Collins, M. A Rubelais, by Walter Besant, M. A, Cal(leron,
by B. J. Hasell. Saint Shuon, Ly Clifton W. Colling, MA- Cervantes, tyy 41,0
Editor. Comeille anq Racine, by Henry M. Trollope. SCHEler, by o es Sime,
Author of ¢ Life of Lessing.’ Rousseaun, by Henry Grahani. ‘1, Fontaine, anq
other French Fabuligts, by Rev. W. Lucas Collins, M. A. Madame o Stvigné,
by Miss Thackeray. Tasso, by E. J. Hasell. '

y -

O
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. BLACKWOODS’
NEW EDUCATIONAL SERIES

FOR ELEMENTARY SCHOOLS.

Historical Readers.

Short Stories from the History of England.
LFor the Third Sténdard. Numerous IMustrations. Pp. 160. 1s.

First Historical Reader. For the Foust), Standard.
BRITAIN AND ENGLAND. From before Christ to 1154 A.D. With
numerous Illustrations. Pp. 156. 1s.

Second Historical Reader. For the Fifth Standard,
From HENRY THE SECOND to ErizaBerH.  With numerous ITlus-
trations. Pp. 224, 1s, 4d. )

Third Historical Reader. Fy Standards VI, and
VII. From JaMES L. to QUEEN VICTORILA. With numerous Ilus-
trations. Pp. 2564 1s. 6d.

A Complete History of England. Zor Junior
Classes.  BRITAIN ‘AND BENGLAND. From before Christ to 1884
A.D.  With Notes and numerous Mlustrations,  Also Maps and
Genealogical Tables, Pp. 206. 1s. 4d.

HoME-LESSoN Books for each Standard. 1d.; 24., 3d., and 4d.
*Of two Series which stand out, markedly from the crowd, that before us is
one.  Professor Meiklejohn's work is always good, aud he has brought to bear
npon what is really & most difficult task tie experience and study wlich have
Justly made him an authority upon questions of clementary education.  He
writes in a good and perfectly simple style, lays due emphasis upon great con-
stitutional points, and'is accurate,"— Tie Athenomom.,

Geographical Readers.
The Geographical Primer. Fo; Standard I. With
numerous Tllustrations. Pp. 96. 9d.-
First Geographical Reader. For Standard T,
With numerous Maps and Illustrations, Pp. 96. 9d.
Second Geographical Reader. Standard IIT.
ENGLAND AND WaALES. With Maps and Illustrations, Pp. 156. 1s.

Third Geographical Reader. For Standard IV,
Being a View of Seotland, Ireland, British North America, and
Australasif.  With Maps and Illustrations, Pp. 192: 1s. 3d.

FOIiPth Geographical Reader. Fur Stundurd 1

¢Ing a Viewof the Continent of Europe.  With Maps and Tlus-
trationg, Pp. 256. 1s. 6d.

F lfth Gqu'raphical Reader. For Standard Vr
?5“:38(:1 A View of the World, With Maps and Illustrations, 256 Pp-
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General Readers.
The First Picture Primer, Pp. 32. Sewed,

cloth, 3d. ; ' )
The Second Picture Primep, Pp. 32. Sewed, 2d. :
cloth, 34. d 3
Picture Reading Sheets. First

SERIES. 16 Sheets, each unmounted, price 3s. 64.

The Sheets of each Series may also be had mounted on 8 boards
with cloth horder, lain, 14s, : varnished, 3s. 6. Per set extra;
or the llﬁ Shegts lni-{ on cloth, varnished, and mounted on a roller,
175, 64,

The Infant Picture Reader. With Numerous
Iustrations, Pp. 64, Cloth, limp, 64,

The First General Reader. 7y Standard 7T,
Containing Forty Lessons. With Mustrations, Pp. 112, &g,
The Second Genera] Reader. py, Standard IT.
Containing Forty Lessons. \\'ilhIllustrutitms. Pp. 128, ¢q.
The Third Genera] Reader. Standard 17T
Containing Sixty Lessons, With Illustrations, Pp. 176, 1s.
The Fourth Genera] Reader. 7 Standard TV

Cont:\_iningSixty Lessons, With Illustrations, Pp. 208. 1s, 34,
The Fifth General Reader. Standard 17
Cont.:liniug Sixty Lessons, With Mustrations, Pp. 224 1, 4.
The Sixth Genera] Reader. 77, Standard 7
Containing Sixty Lessons,  With Mustrations, Pp. 256, 1s. ga.

Blackwoods’ Standard Authors.
Witk Nores AND | LLUSTRATIONS, 3
Defoe’s ¢ Robinson Crusoe.’ Pp. 192, 15, 3q.

Hawthorne’s ‘Tanglewood Tales.’ Pp. 160. 15, 2q.
Mitford’s ¢Our Village,’ Pp. 144, 14 9q.
Goldsmith’s ¢ Vieap of Wakefield’ ’p. 160, 1s, 94,

School Recitation Books.

ADAPTED TO THE m:Ql_tlm-:.\u-:.\'Ts 0r THE NEW CODE,
Books I. and IL.—Fach 24, | Books III. and

Books V. and VI.—Each 44,
Shakespegre’s Plays,

2 2 Witk Nores,
King Richarg II. (Abridged.) Pp, g4,

D

2d. ;

and SEcoxD

IV.—Eacp 3d,

6d,
King Henry VIII. (Abridged.) Pp. 64, (;,]
King John. (Abridged.) Pp, 64. g g

WILLTAM BLACKWOOD & SONS, EDI.\'BL'RGH

AXND Loxnox.






