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PREFACE TO THE ENGLISH TRANSLATION,

T UNDERTOOK the translation of Professor Clans' excellent

-* " Lehrbuch der Zoologie
"

with a view of supplying the

want, which has long been felt by teachers as well as students

in this country, of a good elementary text-book of Zoology.

Professor Glaus' works on zoology are already well known in

this country ; and I think it will be generally admitted that

they take the first place amongst the zoological text-books

of the present day.

It has been decided to publish the English translation

in two volumes. The second volume, which begins with

Mollusca, is in the press, and will, I trust, appear early in

the autumn.

The German has been? with one or two unimportant

exceptions, closely followed throughout. These exceptions,

and the few additions which I have thought it necessary to

make, have in all cases been indicated by enclosure within

brackets.

I must ask the indulgence of the reader towards the errors

and deficiencies of this translation. I trust that they will be

found to be neither numerous nor important. I have to thank

Mr. Heathcote for the assistance he has given me in the

laborious work of translation. I am also indebted to Professors

Newton and Foster, Dr. Gadow, and Mr. W. Heape for advice

and assistance.

ADAM SEDGWICK.

TRINITY COLLEGE, CAMBRIDGE,
1884.



TABLE OF CONTENTS.

GENERAL PART.

CHAPTER I.

Page
ORGANIZED AND UNOEGANIZED SUBSTANCES . . . 914

CHAPTER II.

ANIMALS AND PLANTS 1524

CHAPTER III.

ORGANIZATION AND DEVELOPMENT OF ANIMALS IN

GENERAL 24-131

INDIVIDUAL, ORGAN, STOCK 24

Repetition of organs and parts of the body ..... 25

CELLS AND CELL TISSUES 29

Nucleus and Nucleolus 29
Cell-membrane 29

Reproduction of Cells and division of Nucleus .... 30

1. Cells and Cell-aggregates 32

Isolated cells, u.y., blood corpuscles, ova, etc 32

Epithelium 34

Epidermal exoskeleton 34

Glandular tissue 30

2. Tissues of tlie connective substance 37

Cellular or vesicular 37
Mucous or gelatinous 37

Reticular, adenoid ...... ... 38
Fibrillar 38
Elastic 39

Cartilage 3!)

Osseous tissue . 40

3. Muscular tixxm- .......... 43

4. Nervous tixxue .-45
INCREASE IN SIZE AND PROGRESSIVE DIFFERENTIATION, ETC. . 47

Unicellular stage ......... .48
Multicellular stage 49

CORRELATION AND CONNECTION OF ORGANS . . . . .50
Doctrine of Final Causes . . 51

"Type" . 52

Scope of Morphology 52

STRUCTURE AND FUNCTION OF THU COMPOUND ORGANS . . 52

Digestive organs . 53

Salivary glands, liver, pancreas 58



TABLE OF CONTENTS. 5

Page

Organs of circulation . .... ^ ... 59

Heart 61
Arteries and veins 62
Heart and vessels of vertebrates 64

Organs of respiration ... ...... 67

Branchiae 69

Lungs, tracheae .... 69
Tracheal gills .... . 71
Renewal of external medium ... .... 72
Venous and arterial blood ... .... 73

Animal heat. . . 73

Orrja >is of secretion , ... 71

Kidneys 75
Water-vascular vessels and segmental organs . ... 75
Vertebrate kidneys . . 76
Cutaneous glands

'

. . 77

ORGANS OP ANIMAL LIFE ... 78

Skeletal structures -
, .... . . 79

Nen-ous system . . 79
Sense organs. . . 83

Tactile organs . . 84

Auditory organs 85
Visual organs . . c 85
Facetted eye 88

Simple eye ... 89

Olfactory organs 91

INTELLIGENCE AND INSTINCT 93

REPRODUCTIVE ORGANS 95

Biogenesis 96
Asexual reproduction ... .... 96
Sexual reproduction.... 97

Hermaphroditism ... ...... 99

Separation of the sexes 100
Sexual differences .... 101
Sexual dimorphism ... 104

Parthenogenesis 105

DEVELOPMENT 107
Fertilisation of the ovum 108

Segmentation of the ovum 110

Food-yolk Ill

Blastosphere 113
Formation of gastrula 114
Primitive streak . . . . 115
Germinal layers 116

Theory of Gastrrca 117

DIRECT DEVELOPMENT AND METAMORPHOSIS 119
Effect of food-yolk on development 120

Explanation of Metamorphosis 121

ALTERNATION OP GENERATIONS, POLYMORPHISM AND HETEROGAMY 123

Metagenesis 123

Explanation of Metagenesis 124

Polymorphism 126

Heterogamy 127

Predogenesis 128

Heterogamy of Trcmatocla 12'J



C TABLE OF CONTENTS.

CHAPTER IV.
Page

HISTORICAL REVIEW ........ 131139

Aristotle

Pliny ....
Renaissance of Sciences in Sixteenth century .

"*j 194
Linnaeus ......... .

Cuvier
St. Hilaire, Goethe, Oken
Classification of the present day

CHAPTER V. .

MEANING OF THE SYSTEM ..... 139179

Species .....
Varieties .....
Sterility of hybrids .

Fertility of hybrids .

Sterility and fertility of mongrels
Lamark .....
Lyell's influence on Geology .

140
141
142
143
143
144
144

THEORY OF DESCENT BASED ON NATURAL SELECTION (DARWINISM) . 144

Darwin ........ .I
Natural selection -1

Origin of vaiieties, races and species

Progressing divergence of characters, and disappearance of inter-

mediate forms 1

Species according to the theory of evolution 150

Natural system 150

EVIDENCE IN FAVOUR OF THE THEORY OF DESCENT . . . 151

Evidence from Morphology ..... 151

frnm Dimorphism and Polymorphism 152

Sexual selection 152

Sexual dimorphism of parasites ....... 153

Polymorphism of animal communities . * . . . .155

from mimicry 155

from rudimentary organs......... 156

from rmlryvlogy 157

Retrogressive metamorphosis 158

fnoit the facts of Geographical Distribution 159

Zoological Provinces 160

from Piil/>'iiiiti>Jiiiji) 163

Incompleteness of the geological record 1C7 168

Transitional forms between allied species ..... 170

Relation of fossil forms to living species . ..... 170
Succession of similar types ........ 171
Kxtinrt, Mammalia, transitional between living groups . . . 172

Extinct transitional Reptiles and Birds 175

Progressive perfection 177

Fauna of the various geological pcrio la 177

Incompleteness of the explanati >n . . . . . . . 118



TABLE OF CONTENTS.

SPECIAL PART.

CHAPTER VI. CHAPTER VIII.



TABLE OK CONTENTS

CHAPTER X.



GENERAL PART.

CHAPTER I.

ORGANISED AND UNORGANISED SUBSTANCES.

IN the world, which is perceptible to our senses, we distinguish

between living organised and lifeless unorganised bodies. The

former
(i.e.,

animals and plants) are endowed with the power of

movement, and they remain the same in spite of manifold changes
both of themselves as a whole and of their parts, and in spite of

continual change of the matter entering into their composition.

Unorganised bodies, on the other hand, are found in a condition

of constant rest
;
and although this rest is not necessarily fixed and

unchangeable, yet they are without that independence, of movement

wliicli manifests itself in metabolism. In the former we recognize an

organisation, a composition of unlike parts (organs), in which the

matter exhibits its activity in a fluid and dissolved form
;

in the

latter we meet with a mass which is more uniform, though as far

as the position and arrangement of the molecules are concerned,

not always homogeneous, and in which the various parts continue

in a state of resting equilibrium so long as the unity of the body
remains undisturbed. The matter of unorganised bodies (for in-

stance, of crystals) is in a state of stable equilibrium, while through
the organised being a stream of matter takes place.

The properties and changes of living bodies are strictly dependent
on the physico-chemical laws of matter, and this is recognized more

clearly as science advances ; yet it must be admitted that we are

entirely ignorant of the molecular arrangement of the material basis

of a living organism, and it exists under conditions the nature of

which is as yet unexplained. These conditions, which we may
designate, as vital without thereby calling in question their depen-
dence on material processes, distinguish organisms from all un-
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organised bodies. They relate (1) to the mode of origin, (2) to the

mode of maintenance, (3) to the form and structure of the organism.

Living bodies cannot be manufactured by physico-chemical means

from a definite chemical mixture under definite conditions of warmth,,

pressure, electricity, etc. ; their existence rather presupposes, accord-

ing to our experience, the existence of like or at least very similar

beings from which they have originated. It appears that, in the

present state of our knowledge, there is no evidence to show that an

independent abiogenetic generation (generatio cequivoca, spontaneous

generation) actually takes place, even in the simplest and lowest forms

of life ; although very recently some investigators (Pouchet) have

been led by results of remarkable but equivocal experiments to the

opposite view. The existence of the generatio cequivoca would offer

a very important service to our contention for the physico-chemical

explanation ; it even appears to be a necessary postulate in order to

explain the first appearance of organisms.

The second and most important characteristic of organisms, and

that on which the very maintenance of life depends, is their metabolic

power, i.e., the power which they possess of continually using up and

renewing the matter composing the body. Every phenomenon of

growth presupposes the reception and change of material constituents;

every movement, secretion, and manifestation of life depend on the

exchange of matter, on the breaking down and building up of

chemical compounds. On this alternating destruction and renewal

of the combinations of the body substance two properties necessary

to living things depend, viz., the reception of food and excretion of
waste products.

It is the organic substances (so called on account of their occurrence

in organisms), i.e., the ternary and quaternary carbon compounds (the

former composed of carbon, hydrogen, and oxygen, the latter of

these with the addition of nitrogen, and among the latter are

included the albumins) which undergo the exchanges characterising

metabolism
; they either (in animals) break up under the influence

of oxidation into substances of simpler composition ;
or (in plants)

are built up by substitution from simpler inorganic substances.

But just as the general fundamental properties (elasticity, weight,

porosity) of organisms agree so closely with those of inorganic bodies,

that it was possible to construct a general theory of the constitution

of matter, so all the elements (fundamental substances which differ

qualitatively, and are chemically incapable of further simplification)

of organic matter are again found in inorganic nature. A vital
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element, i.e., an element peculiar to organisms no more exists than

does a vital force working independently of natural and material

processes. Also with reference to the method of arrangement of the

atoms, organic and inorganic substances have been erroneously put in

sharp contrast ; and the whole of the carbon compounds have been

contemplated as the products of organisms only. Now, however, it

has been shown for some time not only that the atomic arrangement
and constitution of both are explained by the same laws, but also

that a great many of the former (urea, alcohol, vinegar, sugar) can

be artificially built up by synthesis from their elements. These

facts point to the probability that many other organic substances

will be synthetically produced, and among them, albumin
;
and they

also permit us to conclude that in the origination of organised bodies

the same forces were in action which are sufficient for the formation

of unorganised bodies. The functions peculiar to organisms, viz.,

metabolism, movement, growth, are accordingly to be referred to the

properties of the chemical compounds composing them, and particu-

larly to the complicated molecular arrangement of living matter.

Nevertheless, this important property of living things, viz., meta-

bolic action, may under certain conditions be temporarily suppressed,

without thereby depriving the organism of the power of existence.

By removal of water or of heat it is possible, in the case of many of

the lower organisms and their germs, to suspend the vital processes

for months and even years ;
and then to restore the apparently life-

less body to the full exercise of its vital properties by the simple

addition of water or warmth (eggs of Apus, Ostracoda, Anguillula

tritici, Rotifera frogs, water insects, plant seeds).

Finally, the living body is distinguished by its entire form, and by
the manner in which its various parts are connected together ;

in

other words, by its organization. The form of a crystal, the in-

organic individual, is unchangeable, and is
1 bounded by straight lines

meeting at determined angles, and by plane, rarely spherical surfaces,

which are capable of mathematical expression. The shape of

organisms,* on the other hand, in consequence of the semifluid con-

sistency of the material composing them, is less sharply determinable

and is within certain limits variable. Life manifests itself as a con-

nected series of ever-changing states ; and the movements of matter

are accompanied by growth and change of form.

* The fact that there arc a number of solid excretion products of organisms
(shells) whose form is mathematically determinable does not of course annul
this distinction.
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Tlie organism commencing as a simple cell, the egg or germ,

develops by a gradual process of differentiation and change of its

parts up to a definite point at which it has the power of reproducing
itself ; finally it dies, and breaks up into its elements. The greater

part of the substance composing organised bodies is more or less

semifluid and liable to osmotic action, a condition which appears
to be necessary both for the carrying on of chemical changes (corpora
non agunt nisi soluta), and for the modification of the entire form of

the organism ;
it is not however homogeneous and uniform, but is

composed of solid, semifluid, and fluid parts which exist as com-

binations of elements of a peculiar form. Crystals do not possess

heterogeneous units subordinated to one another, which, like the

organs of living bodies, serve as instruments for the performance of

different functions, but are composed of molecules of similar atomic

constitution
;
the absence of uniformity in their structure in differ-

ent directions (planes of cleavage) being due to the arrangement of

the molecules, and not to any difference in the molecules themselves.

Organs again prove, on examination of their finer structure, to be

built up of different parts
or tissues (organs of a

lower order), and these

a
" :

-i?,;
. %r/ ^ again are composed of the

FIG. 1. a, young ova of a Medusa; J, mother-cells ultimate unit of cell, the

of spermatozoa of a Vertebrate; one of them pre- ^ The cell, last of all,
sented amoeboid movement.

is to be traced back to

the germ cell (ovum, spermoblast) (fig 1.)

The cell by its properties stands in direct contrast to the crystal,

and potentially possesses the properties of the living organism. It

consists of a small lump of a semifluid albuminous substance (proto-

plasm}, containing, as a rule, a dense or vesicular structure, tlie

nucleus, and is frequently surrounded by a peripheral structureless

membrane. If the latter is not developed, the presence of life is

indicated by a more or less pronounced amoeboid movement, the

fluid protoplasm sending out and drawing in processes of a continually

changing form.

In this organised fundamental structure, from which all tissues

and organs of animals and plants are developed, lie latent all the

characters of the organism. The cell is, therefore, in a certain sense

the first form of the organism, and indeed the simplest organism.

While its origin points to the pre-existence of cells of a similar kind,

its maintenance is rendered possible by metabolism. The cell has Its
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nourishment and excretion, its growth, movement, change of form,

and reproduction. With participation of the nucleus it begets by
division or endogenous cell formation new units like itself, and

furnishes the material for the construction of tissues, for the for-

mation, growth and change of the body. With justice, therefore, is

the cell recognised as the special embodiment of life, and life as the

activity of the cell.

FIG 2. Amoeba (Protogenes) porrecta (after Mas Schultze)1

Nor is this conception of the significance of the cell as the criterion

of organisation and as the simplest form of life contradicted by
the facts that the nucleus also sometimes fails (so-called cytodes of

Hseckel), and that bodies undoubtedly manifesting vital phenomena
are known which are structureless under the highest power of the

microscope. Many Schizomycetes (Micrococcus) are so small that

it is difficult to distinguish them in some cases from the granules

of precipitates, especially when they show only molecular motion

[Brownean movements] (fig. 3). Consequently, the living protoplasm^

with its unknown molecular arrangement, is the only absolute test of

the cell and organism in general.

While appreciating the essential differences which have been
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expressed in the above discussion of the properties of living things
and unorganised bodies, we must not in our criticism of the relations

between them lose sight of the fact, that in numerous lower forms

of life, metabolism, and all the

activities of life can be completely

suppressed by the removal of

warmth and water, without there-

by injuring the capacity of the

organism for continuing to live;

and further, that in the smallest
'%

organisms, which are proved to be

such by then1

capacity of repro-

ducing themselves by their meta-

bolism, and it is impossible, by
means of the very strongest powers
of the microscope, to detect any

organization. Since, moreover, the

organic matter composing such

forms consist of combinations

which can be produced by synthe-

sis, independently of organization,

we must allow that hypothesis a

certain justification which asserts

that the simplest forms of life

have been developed from unorganised matter, in which the same

chemical elements occur as are found in organisms.

Since no fundamental difference has been shown to hold between

the matter and force of crystals and those of organised beings, we

might look upon the first appearance of life as essentially only the

solution of a difficult mechanical problem (with Du Bois Reymond),
Avere we not obliged to conclude that there is present even in the

simplest and most primitive organisms the germs of sensation and

consciousness, attributes which we cannot regard as simply the results

of the movement of matter.

FIG. 3. Schizomycetes (after F. Colin).

a, Micrococcus ; I, Bacterium termo,
Bacteria found in putrefying bodies

both in motile and Zooglaea form.
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CHAPTER II.

ANIMALS AND PLANTS.

THE division of living bodies into animals and plants rests on a series

of ideas early impressed on our minds. In animals we observe free

movements and independent manifestations of life, arising from

internal states of the organism, which point to the existence of

consciousness and sensation. In the majority of plants, which pass

their lives fixed in the earth, we miss locomotion and independent
activities indicative of sensation. Therefore we ascribe to animals

voluntary movement and sensation, and also a mind which is the seat

of these.

Nevertheless these conceptions apply only to a proportionately
narrow circle of organisms, viz., to the highest animals and plants.

With the progress of experience, the conviction is forced upon us

that the traditional conception of animals and plants needs, so far

as science is concerned, to be modified. For although we find no

difficulty in distinguishing a vertebrate animal from a phanero-

gamous plant, still our conceptions do not suffice when we come to

the simpler and lower forms of life. There are numerous instances

amongst the lower animals in which power of locomotion and distinct

signs of sensation and consciousness are absent; while, on the other

hand, there are plants which possess irritability and the power of free

movement. Accordingly the properties of animals and plants have

to be compared more closely, and at the same time the question has

to be discussed, whether there are any absolute distinctive characters

which sharply separate the one kingdom from the other.

1. In their entire form and organization there seems to be an
essential contrast between animals and plants. Animals possess a

number of internal organs of complicated structure, lodged within a

compact outline
;
while in plants the nutritive and excretory organs

are spread out as external appendages, with a considerable superficial

extension. In the one case there is found an inner, and in the other

an outer position for the absorbent surface. Animals have a mouth
for the entry of solid and fluid nutritive matters, which are digested
and absorbed in the interior of an alimentary canal, into which open
various glands, (salivary glands, liver, pancreas, etc). The useless

solid remains of the food pass out through the anus as faeces.

The nitrogenous waste material is excreted by a special urinary
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organ (kidney), mostly in a fluid form. For the movement and

circulation of the fluid carrying the absorbed nutriment, there is a

pulsatory pump (heart) and a system of blood vessels, while respira-

tion is usually carried on in terrestrial animals by lungs, and in aquatic
animals by gills. Finally, animals possess internally placed generative

organs, and a nervous system, and sense organs for the production
of sensation.

In plants, on the contrary, the vegetative organs have a much

simpler form. Roots serve to absorb fluid nutriment, while the

leaves act as respiratory and assimilating organs, taking in and giv-

ing out gas. The complicated systems of organs found in animals

are absent, and a more uniform parenchyma of cells and vessels,

in which the sap moves, composes the body of plants. The gener-

ative organs also are placed in external appendages, and there are

no nervous and sense organs.

Nevertheless, the above mentioned differences are not universally

found, but rather hold only for the higher animals and plants, and

gradually disappear with the simplification of the organization.

Even among vertebrates, and still more is it the case amongst

mollusca, and the lower segmented animals, the respiratory and

vascular organs are considerably simplified. The lungs or gills may
fail as special organs, and be replaced by the whole outer surface of

the body. The blood vessels are

simplified, and sometimes they and

the heart are absent, the blood being
moved in more irregular streams in

the body cavity and in the wall-less

spaces in the organs. Similarly, the

digestive organs are simplified ;

salivary glands and liver may no

longer be found as glandular appen-

dages of the alimentary canal. The

alimentary canal may become a

blind, branched, or simple sac

(Trematoda), or a central cavity,

the walls of which are in contact

with the body wall (Ccelenterata).

The mouth and alimentary canal

may also fail (Cestodes), nourish-

ment being taken in by osmosis

through the outer walls of the body as in plants. Finally, nerves

FIG. 4. Branch of a Polyparium of

Corallium rubrum (after Lacaze

Duthiers). P, Polyp.
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and sense organs are totally absent in many organisms, which are

looked upon as animals, e.g., in the whole of the Protozoa.

With such reduction of the internal organs it is easy to understand

that the simpler lower

animals, such as colonies

of polyps and the Sipho-

nophora, should often, in

their outer appearance and

the manner of their growth
resemble plants, with which

they were formerly con-

founded, especially when

they at the same time

lacked the power of free

locomotion (Polyps, Hy-

tlroids, figs. 4, 5). In these

cases it is as difficult to

limit the idea of "indi-

viduality
"

as it is in the

vegetable kingdom.
2. Hetween animal and

vegetable tissues there exists

also generally an important
difference. While in the

vegetable tissues the cells

preserve their original form

and independence, in the

animal tissues they undergo

very various modifications

at the expense of their

independence. Accordingly

vegetable tissues consist of

uniform cell -
aggregates,

the individual cells of

which have retained

sharply
- marked bounda-

ries : Avhile in animal tis-

Fis. 5. Physophora hydrostatica. Pn, Pneuma-
tophore ; S, Swimming-bells ; T, Dactylozooid ;

P, polypite or stomach with the tentacles, Sf. ;

2V&, terminal swellings on the latter provided
with thread-cells ; G, Clusters of gonophores

sues the cells give rise to

extremely different structures, in which the cells as such do net

always remain recognisable. The reason for this unlike condition of

the tissues must apparently be sought in the different structure of
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the cell itself; the vegetable cell being surrounded outside its pri-

mordial utricle by a thick non-nitrogenous cuticle, the cellulose

capsule ; while the animal cell possesses a very delicate nitrogenous

membrane, or instead of this only a more viscous bouiidary layer of

of its own semi-fluid contents. Nevertheless, there arc also vegetable
cells provided only with a simple naked primordial utricle

; and, on

the other hand, animal tissues which resemble vegetable tissues in

the fact that the cells remain independent and develop a capsule

(chorda dorsalis, cartilage, supporting cells in the tentacles of hydroids,

fig. 6)

FIG. G. a, Vegetable parenchyma (after Sachs). I, Axial-cells from the tentacles of Cam-
panularia.

Neither can we, as has been done by many investigators, regard the

multicellular composition of the body as a necessary sign of animal

life. For not only are there many unicellular algse and fungi, but

also animal organisms which are composed of one simple or complexly
differentiated cell (Protozoa). Finally, it is not possible to see any
reason why unicellular animals should not exist, especially when we
consider that the cell forms the starting-point for the development of

the animal body.

3. Least of all can a test be found in the reproductive processes.

In plants indeed we find a predominance of the asexual method of

increase by spores and buds, but similar methods of increase are

widely present amongst the lower and more simply organised ani-

mals. Sexual reproduction is effected both in animals and plants by

processes which are essentially similar
; consisting in both of the

fusion of the male element (sj)ermatozoon) with the female element

(ovum) ; and the form of these elements presents in both kingdoms a

great agreement, at any rate they are in every case derived from

cells. The structure and position of the generative organs inside the

body, or as outer appendages of it, cannot be regarded as a distin-

guishing mark, inasmuch as in both kingdoms the greatest difference

prevails in this respect.
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4. The chemical constituents and the 'metabolic 2>rocesses in animals

and plants present, on the whole, important features of difference. I

Formerly great importance was attached to the fact that plants

consist chiefly of ternary (non-nitrogenous) compounds, while animals

consist of quaternary nitrogenous compounds ;
and a greater impor-

tance was attached in the former to the carbon, in the latter to the

nitrogen. But ternary compounds are found to be largely present

in the animal body, e.g., fats, carbohydrates ; while, on the other hand,

quaternary proteids play an important part in those parts of a plant

which are especially active in growth. Protoplasm found in the

living vegetable cell is richly nitrogenous, and of an albuminous

nature; and it agrees in its micro-chemical reactions with sarcode,

the contractile substance of the lower animals. In addition, the

modifications of egg albumen, known as fibrin, albumen, and casein,

are also found in vegetable cells. Finally, it is not possible to

mention any substance which is universally and exclusively found

either in animals or in plants. Chlorophyll (green colouring matter

of leaves) occurs in the lower animals (Stentor, Hydra, Bonellia),

while, on the other hand, it is totally absent in Fungi. Cellulose,

a peculiar non-nitrogenous substance found in the outer membranes

of vegetable cells, occurs in the mantle of Ascidians. Cholesterin,

and certain substances especially characteristic of nervous tL'sre~,

are also found in plants (Leguminosse).

Of far greater importance is the difference in the nourishment and

metabolic processes. Plants take up with certain salts (phosphates

and sulphates of the alkalies and earths) more especially water,

carbonic dioxide (carbonic acid), and nitrates or ammonia compounds,

and build up organic compounds of a higher grade from these binary

inorganic substances. . Animals, in addition to taking up water and

salts, require organic food, especially carbon compounds (fat) and

nitrogenous, albuminous substances; which, in the cycle of metabo-

lism, break down to nitrogenous waste products (amides and acicls)T

kreatin, tyrosin, leucin, urea, etc.
;
uric acid, hippuric acid, etc. Plants

exhale oxygen, whilst they are decomposing carbon dioxide by means,

of their chlorophyll under the influence of light, and are forming in

their chlorophyll corpuscles organic substances from carbon dioxide

and solutions containing combined nitrogen. Animals take up oxygen

through their respiratory organs for the maintenance of their meta-

bolism. The processes of metabolism and of respiration, therefore, in.

the two kingdoms are indeed mutually determinant, but have aa

exactly opposite result. The life of animals depends on the analysis
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of complex compounds, and is essentially an oxidation process, by

which potential energy is converted into kinetic (movement, produc-

tion of heat, light). The vital activity of plants, on the contrary, is

based, so far as it relates to assimilation, on synthesis, and is

essentially a process of reduction ;

under the influence of which the

energy of warmth and light is stored

up, kinetic energy being converted into

potential.

Nevertheless, this difference also is

not applicable as a test in all cases.

Recently the attention of investigators

has been turned, especially by Hooker

and Darwin,* to the remarkable nutri-

tive and digestive processes in a group
of plants which Avere first observed a

hundred years ago (Ellis). The plants
in question catch, after the manner of

animals, small organisms, especially in-

Pi .7.-L'eafof Droserarotundifolia,
sects

>
and absorb from them through

with partially contracted tentacles the glandular surface of their leaves
(after Darwin). , .

the organic matter after a chemical

process resembling animal digestion (leaves of the Sun-dew, Drosera

rotundifolia, and the fly-catcher, Dioncea muscipula. Figs. 7 & 8).

Many parasitic plants and

almost all fungi have not,

however, in general, the

power of making organic

substances from inorganic,

but suck up organic juices ;

and in taking up oxygen
and giving out carbonic

acid, they present a respi-

ratory process resembling
that found in animals.

It was established by
Saussure's observations that all plants require oxygen at certain

intervals
;
that in those parts of plants which are not green, not

possessing chlorophyll, and alt-o in the green parts in the absence

of sunlight, i.e. at night, a consumption of oxygen and exhalation

*
Compare especially Ch. Darwin,

" Insectivorous Plants." London, 1875.

FIG. 8. Leaf of Dionaea muscipula in expanded
condition (after Darwin).
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of carbonic acid goes on. In plants, therefore, together with

the characteristic deoxidation process, there is always found a

process of oxidation analogous to that occurring in animal me-

tabolism
; by which a part of the assimilated substances is again

destroyed. The growth of plants is impossible without the con-

sumption of oxygen and the production of carbonic acid. The more

energetic the growth, the more oxygen is consumed, as indeed the

germinating seed or the quickly unfolding leaf and flower buds

rapidly consume oxygen and excrete carbonic acid. In this con-

nection should be mentioned the fact that the movements of proto-

plasm depend upon the inspiration of oxygen. The production of

heat (in germination), also of light (Agaricus oleariits) is accompanied

by an active consumption of oxygen. Finally, there are organisms

(yeast cells, Schizomycetes) which indeed manufacture both nitro-

genous and albuminous compounds, but do not assimilate the carbon

of carbonic acid, but rather derive the necessary carbon from pre-

pared carbohydrates (Pasteur, Cohn).
5. Voluntary movement and sensation, according to the common

view, is the chief characteristic of animal life. Formerly, the power
of free locomotion was looked upon as a necessary property of

animals
;
and as a consequence of this the fixed colonies of Polyps

were considered to be plants, until Peyssonnel brought forward

proof of their animal nature, a view which by the influence of the

great naturalists of the last century has gained general recognition.
More recently, on the discovery of the existence of motile spores
of algae, it was first recog-
nised that plants also,

especially at certain stages

of their development (fig.

9), possessed the power of

free locomotion, so that

we are compelled to direct

our attention to the signs

by which the voluntary* FIG. 9. Zoospores, a, of Phyiarum ; b, of Monostroma ;

nature Of the movement . Of Ulothrix; d, of Bedogonium ; e, of Vaucheria

can be decided for a dis-
(after Reinke) '

tinction between the respective movements of animals and plants.
As such for a long time was regarded the contractile nature of the

movement as opposed to the uniform movements of plants carried

out with rigid bodies.

In the place of muscles, which as a special tissue are absent in the

a-
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lower animals, there is present an undifterentiated albuminous

substance known as sarcode, the contractile matrix of the body. The

a

viscous contents of vegetable cells,

FlG. 10. Zoospores of AetJialium

eepticum after de Bary. a, in

condition of hatching ; 6, as

mastigopods ; c, in the amoeboid

stage; d, a piece of plasmodium.

known as protoplasm, possesses likewise

the power of contractility, and re-

sembles sarcode in its most essential

properties. Both present the same

chemical reactions and agree in the fre-

quent presence of cilia, vacuoles, and

streams of granules. Pulsating spaces,

the contractile vacuoles, are not ex-

clusively a possession of sarcode, but

may also occur in the protoplasm of

vegetable cells (Gonium, Chlamydo-

monas, Chcetophora). The contractility

of the protoplasm of vegetable cells

is, as a rule, limited by the cellulose

membrane, but in the naked cells of

Volvocina and Saprolegnia, and in the

amoeba-like forms occurring in the

development of Myxomyceles, the contractile power is as intense as

in the sarcode of Infusoria and Rhizopoda. The amoeboid move-

ments of the plasmodium of Myxomycetes (fig. 10) are not inferior

in intensity to those of a genuine
Amoeba belonging to the Rhizo-

poda, e.g., Amceba polypodia (prin-

ceps), (fig. 11). In these similar

phenomena of movement of the

lower animals and plants we seek

in vain for any test of volition, the

interpretation of which will depend

vipon the individual judgment of

the observer.

The faculty of sensation, which

is inconceivable as a function of

matter and which must be always

TIG. ll.Amaba Dactylotphara polypodia. pre-SUppOSed wherever W6 have
w, nucleus. PC. contractile vacuole (after to ^o with voluntary movement,Fr E. Schulze).

J

can by no means be affirmed with

certainty in all animal organisms. Many of the lower animals entirely

lack a nervous system and sense organs, and, on stimulation, exhibit

'

V ;-. 7
:.. ..- '

- * .-.,.: "-.::.'-...... -/
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but slight movements not more intense than those of plants. This

irritability, however, appears widely present among the higher plants.

The sensitive plants move their leaves on the application of mechani-

cal stimuli (Mimosece), or bend like the sundew (Drosera, fig. 7)

small knobbed processes of the leaf surface which are comparable to

the tentacles of polyps. The fly-catcher (Dioncea, fig. 8) brings the

two halves of the leaf together in a valve-like manner when touched

by insects. The stamens of the Oentaurea contract along their whole

length on mechanical and electrical stimulation, and according to the

"same laws as do the muscles of the higher animals. Many flowers

open and shut under the influence of light at certain times of the

day.

Accordingly irritability as well as contractility appears to be a

property both of vegetable tissue and of the protoplasm of vegetable

cells ; and it is not possible to determine whether volition and

sensation, which we exclude from these phenomena in plants, play a

part in the similar sensory and motor phenomena of the lower

animals.

In none of the above-mentioned characteristics of animal and

vegetable life, then, do we find any absolute test, and we are not in

a position to indicate the presence of a sharp line between the two

kingdoms.
From the common starting-point of the contractile substance*

animals and plants are developed in different directions ; at the

beginning of their development they present many kinds of resem-

blance, and it is only on their attaining a more complete organization

that the full opposition between them is apparent. In this sense,

without wishing to draw a sharp line between the two series of

organization, we can define our conception of an animal by putting

together all the characteristics distinguishing the direction of animal

development.
An animal, therefore, is to be defined as an organism provided

with the power of free and voluntary movement, and with sensation
,

whose organs are internal, and are derived from a development of

the internal surfaces of the body ;
which needs organic food, inspires

oxygen, changes potential energy into kinetic under the influence of

oxidation processes in metabolism, and excretes carbonic acid and

nitrogenous waste products.

* The formation of au intermediate kingdom for the simplest forms of life

is neither scientifically justified, nor from practical considerations desirable.
On the contrary, the acceptance of the Prutista would only double the difficulty;
f-f determining the limit.
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Zoology is the science which has animals for its subject, and which

seeks to examine the phenomena of their structure and life, as well

as their relations to one another and to the outer world.

CHAPTER III.

THE ORGANIZATION AND DEVELOPMENT OF ANIMALS IN GENERAL.

In the foregoing comparison of animals and plants for the

establishment of a correct idea of the meaning of the word "
animal,"

the great variety and the numerous grades of animal structure have

been hinted at. Just as the complex organism is built up from the

ovum by a process of gradual differentiation, and often during its

free life passes through conditions which lead in ascending series

to an ever higher development of the parts and to a more complete

performance of functions; so, if the animal kingdom be examined as

a whole, there is apparent a similar law of gradually progressing

development, of an ascent from the simple to the complex, manifest

both in the form of the body and in the cornpositicn of its parts as

well as in the completeness of the phenomena of life.

It is true that the grades of animal structure do not, like those of

the developing individual, follow the one upon the other in a single

continuous series
;

and the parallel between the developmental

gradation of types in the animal kingdom as a whole and the suc-

cessive conditions of an individual animal breaks down in so far as

we distinguish in the former, as opposed to the latter, a number of

types of animal structure often overlapping, but still, in their higher

development, essentially different from each other. These we regard

as the highest divisions of the system.

INDIVIDUAL ORGAN STOCK.

The animal organism, when viewed from a physiological and mor-

phological stand-point, presents itself as an independent and indivisible

unit, as a "
complete individual." Amputated limbs or excised parts

of the body do not develop into new animals ; in fact we cannot

usually remove a single piece of the body without thereby endanger-

ing the life of the organism, for it is only as a complex of all its

parts that the body can retain its full vital energy. With reference

to the property of the indivisibility of the individual, we understand
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by the term organ every part of the body which as a unit subordi-

nate to the higher unit of the organism presents a definite form and

structure, and performs a corresponding function ; that is to say, an

organ is one of those numerous instruments on the combined work-

ing of which the life of the individual depends.

There are certainly among the simpler animals many instances in

which the term individual in its usiial sense cannot be rightly

applied. In such cases we have to do with structures which from

their development must be termed individuals, and represent indi-

viduals, accordingly, in a morphological sense. A great many of them

are, however, fused to a common stock, forming what is known as a

colony, and are related physiologically to this, as organs are to an

organism. They are accordingly incomplete or morphological indivi-

duals, which are usually incapable of leading a separate existence ;

and, when they differ from each other in form and function, dividing

amongst themselves the labours, the performance of which is neces-

sary for the maintenance of the whole colony, they always perish

if separated from it.

Such polymorphous* stocks of animals present the properties of

individuals although they are morphologically aggregations of indi-

viduals which behave physiologically as organs (fig. 5). On the other

hand, groups of organs can acquire individual independence.
In the animal body organs do not always remain single, but the

same organ may be often repeated. The manner of the repetition is

dependent on the kind of symmetry, which may be radiate or bilateral.

In animals with radiate symmetry, the Racliata, it is possible to

connect two opposite points of the body by an axis, which may be

called the chief axis, and to divide the body by sections passing

through this axis into a number of equivalent and symmetrical parts

known as antimeres. The organs which are not repeated are situated

in the chief axis of the body, while the other organs, which are

uniformly repeated in each antimere, are situated peripherally. Eacli

antimere contains, therefore, a definite group of organs and represents
a secondaiy unit, which, together with its fellows and the central

organs, constitutes the primary unit, i.e., the perfect animal.

In a radiate animal a number of lines can be drawn at right angles

to the chief axis, corresponding in number to the antimeres, and

each passing along the middle of an antimere; such lines are known
as radial. Similarly, a corresponding number of inter-radial lines

* Vide E. Leuckart,
" Ueber den Polymorphismus der Individuen and die

Erscheinung der Arbeitstheilung in der Natur." Giessen, 1851.
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can be drawn, passing between the antimeres. A vertical section

through a radial line divides the corresponding antimere into two

A G

FIG. 12, Sea-urchin (diagrammatic).

J, inter-radius with, the double row

of interambulacral plates and the

genital organs G ; R, radii -with the

double row of ambulacral-plates

perforated by the ainbulacral pores.

A, anus.

Fio. 12i. Shell of a Sea-urchin seen

from above. R, radius with the per-

forated plates ; J, inter-radius with

the corresponding generative organs
and their pores.

equal parts, while a similar section through an inter-radial line

divides one antimere from its neighbour. Eadiate animals may have

two, three, etc., radii ; and in

animals which possess an uneven

number of radii, one radius and

one inter-radius always fall in the

same vertical plane (fig. 12, b,

and fig. 13). In animals with an

even number of radii, on the con-

trary, each vertical plane passes

through two radii or two inter-

radii. A vertical section passing

through one radius would, if pro-

longed, pass through the radius of

the opposite antimere (fig. 14o). For

example, an animal with four radii

possesses four antimeres, each of which will be divided into two, by

two radial vertical sections passing at right angles to each other

through the chief axis
;
while they will all be separated from each

other by two similarly directed inter-radial sections.

Biradiate forms (the Ctenophora) possess, on the contrary, only two

radii, which lie in a common vertical plane. A second vertical plane

crossing the first at right angles passes through the inter-radii, and

FIG. 13. Star-fish (diagrammatic). G,

generative organ in inter-radius; Af,

position of the ambulacra! feet in the

radii.
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divides the antimeres from each other. The first, in which the

greater number of organs are repeated, may be designated the

transverse plane, while the second, corresponding to the median plane

of bilateral animals, is known as the sagittal plane (fig.

Gf
li

FIG. 14a. Acaleplia larva (Ephyra).
Hit, marginal body ; Gf, gastric fila-

ment. Re, radial-canal ; O, niouth.

Fio. 145. Ctenopheran seen from
above. S, sagittal plane ; T, trans

verse plane ; R, vibratile plates ; Gf,

gastric canals.

In the bilateral arrangement, which is found also in each individual

antimere of the Radiata, only one plane, the median plane, can be

imagined, which passes through the chief axis and divides the body
into two exactly similar parts (right and left). These two halves, as

opposed to antimeres, may be termed parameres.
In bilateral animals we distinguish an anterior and

posterior end, a right and a left side, and a dorsal

and a ventral surface. The unpaired organs are

placed in the middle line, on each side of which, in

the two halves of the body, are placed the paired

organs. The plane which is placed at right angles
to the median plane (passing from right to left) and

separates the unlike dorsal and ventral halves of

the body, is known as the lateral plane. The anti-

meres of the Radiata also consist of two parameres,
and are therefore bilateral,, in that the vertical plane

passing through the radius like the median plane
divides them into two similar parts.

The same groups of organs or similar parts of

the same organ may also be repeated in a longitu- FIG. is. segmented

dinal direction. This occurs especially frequently Tm' <Pol -vcl
lf

t(

;)-J J Ph. pharynx; D, ah-

in bilateral, less frequently in radiate animals mentary cnnai; c,

(strolila). The body thus obtains a segmentation,
cirrus; F> tculacl

and is divisible into successive sections, the segments or metameres,

c
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which are placed one behind the other, and more or less completely
resemble each other in structure (Annelids, fig. 15). The successive

segments may in structure and function appear completely equiva-

lent, and represent, like the antimeres of the Radiata, individuals

of a lower order, which on the severance of their mutual connec-

tion can acquire independence and remain alive for a shorter or

longer period (proyloltis of Cestodes).
In animals of higher organization the segments are much more

intimately connected, and are mutually dependent, but they lose at

the same time their complete homonorny. In the same degree as the

metarneres acquire an unlike structure, and corresponding to this a

varying importance in the life of the organ-

ism, they lose their individual independence,

and sink more and more to the value of organs.

The metameres in the polymorphous
colonies are quite analogous to the segments
of the individual. In them there follow, one

behind the other, similar groups of different

individuals, each of which fulfils singly the

conditions necessary for existence, and there-

fore can continue to live as a colony of a

lower order when separated from the stock

(Eudoxia, Diphyes, fig. 16).

The

order also holds for organs.

which are reducible to a single cell, or to an

aggregation of equivalent cells (simple organs),

and others in the formation of which various

cells and tissues (compound organs) partici-

pate, and which frequently, in their turn, may
be divided into parts different in structure

and function. The compound organs of higher order are composed

of different parts which function as organs of a lower order. These,

again, are composed of various kinds of cellsand cell derivator, which

are organs of a still lower order. Finally, in the last analysis, we

come to the cell or the area of protoplasm coiTesponding to it, which

is the simplest and ultimate organ. On the other hand, we group

together organs of different order, which are intimately connected so

far as their chief function is concerned, under the name of system

(vascular system, nervous system) or apparatus (digestive apparatus),

although we cannot clearly distinguish them from compound organs.

distinction into a higher and lower

There are organs

FIG. 10. Portion of Diphycs
after R. Leuckart). D,

hydropuyllium ; O, gono-

phore; P, Polyp with

tentacle. The groups of

individual separate them
selves as Eudoxia.
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CELLS AND CELL TISSUES.

The constituent parts of which an organ is made up are known as

tissues. They possess a definite structure, visible with the help of

a microscope, and have either the form of cells or of structures

derived from cells. Tissues have a function corresponding to their

special structure, and this function determines the whole function of

the organ. They may, therefore, be regarded as organs of a lower

order. The ultimate unit, the organ of the lowest order, or ele-

mentary organ,* from which all tissues are derived, is the cell.

The essential part of a cell is not, as we have already seen, the

membrane or the nucleus, but the protoplasm, with its special

molecular arrangement, in which reside the functions of independent

movement, of metabolism and of reproduction (fig. 1).

The nucleus of a cell is either a solid mass of protoplasm or a

more fluid structure enclosed by a firm membrane, and may con-

tain one or more solid bodies (nucleolus). Different as are the

forms which the nucleus may take, it always contains a fluid sub-

stance, the nuclear fluid, and a pro-

toplasmic substance, the nuclear

substance of a special importance
for the functions of the nucleus

(fig. 17).

An important and very general

property of protoplasm is its

power of contractility. The living

mass presents, in connection with

metabolism, phenomena of move-

ment. These movements are not

merely confined to the currents of

solid particles suspended in the

viscous contents of the cell, but

are shown also in the change of

form of the whole cell. If the outer part of the protoplasm has

condensed so as to give rise to a cell membrane, i.e., if the cell has

acquired a distinct wall, the changes in its form are very much
restricted. In other cases the movement shows itself in a quick
or slow change in the outer form. The cell in this case manifests

* Th. Schwann,
"
Microscopische Untersuchungen iiber die Uebereinstimmung

in der Structur und dem Wachsthum der Thiere und Pflanzen." Berlin, 1839.
Fr. Leydig, "Lehrbuch der Histologie des menschen und der Thiere." Frank-
furt a.M. 1857.

Fis 17. Different forms of nuclei (after

R. Hertwig). a, nucleus from a cell

of a Malpighian tubule of a caterpil-

lar, b, nucleus of a Heliozoon with
a cortical layer and nucleolus in the

nuclear fluid. c, nucleus from the

egg of a Sea-urchin. Nucleolus im-

bedded in a protoplasmic fibrous net-

work surrounded by nuclear fluid.
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the so-called amoeboid motion
;

it sends out processes, draws them

in again, and is able by such means to change its position. This

capacity of change of form is especially possessed by young undif-

ferentiated cells, which have not developed an outer membrane.

Such cells in their later growth usually develop a cell membrane,
which accordingly is not, as was formerly supposed, a necessary

constituent of the cell, but is merely an indication that the cell

has undergone a certain amount of differentiation from its early

indifferent condition.

It has been already pointed out that the fundamental properties

which distinguish the life of organisms manifest themselves also

in the life of their constituent cells. According to our present

knowledge, cells always originate from pre-existing cells
;
a process of

free cell formation, as conceived by Schwann and Schleiden, indicated

by the precedent origin of nuclei in a formative organic material,

has never been proved.

Such a process may, however, take place when the formative

matter is the plasma of a cell, or of several cells fused together

(plasmodium). In such cases we have a process of free cell forma-

tion (e.g., spore formation in Myxornycetes) which certainly is not

clearly marked off from a process of new formation within the mother

cell, and is to be looked upon as a modification of the so-called

endogenous cell formation. This leads us to a consideration of the

very widely distributed method of cell increase by division. When
the cell has reached a certain size by the absorption and assimilation

of nutrient matter, the protoplasm separates itself into two nearly

equal portions, this process being usually preceded by the division of

the nucleus. Each portion receives half of the original nucleus.

During its division the nucleus undergoes, as has been recently

shown in many instances, peculiar differentiations and changes (fig.

18). It becomes spindle-shaped; its contents take on the form of

longitudinally arranged striae, running from pole to pole of the

spindle ;
the centre of each of the striae becomes thickened, giving

rise to a cross equatorial zone of granular matter, the nuclear plate

(thickened zone). The central thickenings constituting the nuclear

plate divide. Each half travels towards the poles of the spindle,

and becomes there enclosed in a clear fluid mass, which appears in

the protoplasm. From these two structures the new nuclei are

formed at the poles of the now dumb-bell shaped nuclear spindle, the

striae of which vanish during the constriction of the protoplasm,

which has already commenced and quickly progresses. The division
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is completed when the young nuclei, proceeding from the two poles

of the nuclear spindle and the surrounding clear protoplasm, have

attained their definite size, and the remains of the fibres have been

absorbed.

During these processes the protoplasm of the cell has gradually

become more and more constricted by a furrow which is directed

transversely to the long axis of the nuclear spindle, and which after

the completion of the division of the nucleus brings about a separa-

tion of the cell contents into two masses the daughter cells

(fig. 18).

If the products of the division are unequal, so that the smaller

portion may be looked upon as a production of the larger, we give

the name "
budding

"
to this form of reproduction.

FIG. 18. Processes of cell division in an embryonic blood corpuscle of a chick (after

Biitschli). -5T, nuclear spindle. Ep, nuclear plate or equatorial thickening.

Finally, the term endogenous cell formation is applied to that

method of increase in which the cells originate within the mother-

cell. In this case the protoplasm does not divide by a progressive

constriction and separation into two or more parts, but differentiates

itself round the newly formed nuclei, with which the original nucleus

may persist.

The ovum which we have to contemplate as the starting-point of

the development of the organism produces by these various methods

of cell multiplication the material of cells which serves for the for-

mation of the tissues. Groups of originally indifferent and similar

cells break up and assume severally a changed appearance. The

constituent elements undergo various differentiations, and from them

and their derivates is produced a definite form of tissue, endowed

with a function corresponding to the peculiarity of its structure.

The separation of groups of different cells leading to the establish-

ment of various tissues prepares the way for the physiological

division of labour between the organs, which, like the tissues compos-

ing them, can, according to the functions which they perform, be

divided into organs of vegetative life and orglins of animal life.

The former have to do with the nutrition and maintenance of
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the body ; the latter, on the contrary, serve for movement and

sensation, functions which are exclusively the property of animals

(as opposed to plants). For the sake of clearness we will divide the

vegetative tissues into two groups, into cells and cell-aggregates

(epithelium), and into tissues of connective substance. In the

tissues of animal life we distinguish muscular and nervous tissues.

This classification of the tissues has no other aim. than to facilitate

a general review of the different forms of tissue, and to render

possible a criticism of their relationships; it lays no claim to establish

an absolutely sharp line between the various groups.

1. Cells and cell-aggregates. Cells may either be free and isolated

from each other, floating in a fluid medium, or they may be placed
near one another forming part of an aggregation of cells spread out

superficially. To the former belong the cells of the blood, chyle, and

lymph. The blood of invertebrates, which is generally colourless, and

FIG. 19. Blood-corpuscles (af..er Ecker). a, colourless blood corpuscles from the heart of

the fresh-water mussel (Anodonta). b, from the caterpillar of Sphinx, c, red corpuscles
from Proteus, d, from the smooth adder, d', lymph corpuscles of the same, e, red

corpuscles of the frop. /, of the pigeon, f1

, lymph, corpuscles of the same, g, red

blood corpuscles of man.

the blood of vertebrates, which is with few exceptions red, consists

of a fluid albuminous plasma containing numerous blood-corpuscles

in suspension. These corpuscles are in invertebrates irregular often

spindle-shaped cells, endowed with the capacity of amoeboid move-

ment. In the blood of vertebrates, in addition to such colourless

amoeboid corpuscles there are found red corpuscles (discovered by

Swammerdam in the frog) ;
and these are so numerous as to give

the blood a uniformly red appearance to the unaided eye. They are

thin discs with an oval, nearly elliptical or circular (Mammalia

Petromyzon) contour, with nuclei in the first case, and without

nuclei in the >e2ond (except in the embryo) (fig 10). They contain
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the red colouring matter of the blood, haemoglobin, which plays so

important a part in respiration. They arise in all probability from

the colourless corpuscles which are always far less numerous in

normal blood. The coloui-less corpuscles are genuine cells of variable

form, and have the power of amreboid motion (migration into tissues,

regeneration of tissues, etc.) ; they come from the lymphatic glands, in

which they arise as lymph corpuscles, and eventually pass with

the lymph stream into the blood. The ova and sperniospores, after

FIG. 20. Spermatozoa, a, ct Medusa. 6, of a Nematode. c, of a Crab, d, of Torpedo.

e, of Salamander (with undulating membrane). /, of Frog, g, of a Monkey (Cerco-

pithecus).

they have separated from the epithelial layer in the wall of the ovary
and testis, as well as the spermatozoa produced from the sperniospores,

respectively belong to the category of free cells. The form and size

of the spermatozoa present great variations. They always consist of

a modified cell, frequently of a very small cell with a long nagellum,

nucleus, and remains of protoplasm. Ill many cases the head is

elongated into a fibre-like structure, or is twisted like a corkscrew

(Birds, Selachians). Sometimes a distinct head is absent, and the

spermatozoon is thread-like (Insects). In the Nematodes the sperm-
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atozoon is hat-shaped ;
while in Crustacea it has the form of a cell,

with long radiating processes (fig. 20).

Epithelial tissues consist of aggregations of cells which as

simple or stratified layers cover the external and internal surfaces

of the body, and line its closed spaces (endotheUum). According to

tke different shape of the cells composing it, we distinguish cylin-

drical, ciliated, and pavement epithelium. In the first case the cell?,

in consequence of the elongation of the long axis, are cylindrical

(fig. 21, c) ;
in the second, the free surface of the cells is beset with

vibratile cilia or flagella (fig. 21, d), which are continuous with the

living protoplasm of the cell. If only one flagellum projects from

the cell (sometimes a flat cell fig. 21, 6) then the name flagellate cell

is applied (collared cell of sponges, fig. 21, e). Finally, in the case of

pavement epithelium (fig. 21, a) the cells are flattened ;
and if there

FIG. 21. Various kinds of epithelial cells, a, Flat cells, b, flat cells with fiagella (from a

Medusa), e, cylindrical cells, d, ciliated cell, e, flagellate cell with collar (from

sponge). /, cylindrical cell with porous border (intestinal epithelium).

is more than one layer the superficial cells are flat, while those in

the deeper layers are more and more rounded.

While the cells of the lower layers retain their semi-fluid character,

and are occupied in continual cell division and growth ;
those of the

upper layers possess a firmer consistency, gradually become horny,

and are thrown off as scales or continuous flakes, to be replaced by

the continuous growth of the lower layers. Thick stratified layers

of cornified cells, almost fused with one another, give rise to indurated

or horny structures (nails, claws, hoofs), which may form a more or

less complete coat for the body and function as a protective exoskeleton

(fig. 21, a to/).

There are also cells the free surface of which is distinguished by *
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well-marked thickening. The protoplasm of the free surface of such

cells becomes hardened so as to give rise to a thick superficial border,

perforated at right angles to its surface by a number of fine canals

which give it a striated ap-

pearance (intestinal epithe-

lium, fig. 21,f, epidermis cells

of Petromyzon). If these

thickened borders fuse to-

gether to as to form a con-

tinuous layer which obtains

a certain independence, we

obtain cuticular membranes,

which, according to their ori-

gin, may be homogeneous or

stratified (fig. 22, a, b, c),
and

a

FIG. 22. a, Cuticle and hypodermis of the larva of

Corethra. b, cuticle and hypodermis of a Gastro-

pacha caterpillar, with two poison glands beneath

corresponding bristles.

may exhibit various patterns of different

kinds. Very frequently the surfaces

of the individual cells are indicated on

the cuticle as polygonal figures; and,

in addition to the very fine pores,

there are also found larger passages pro-

duced by out-growth from the cells.

These latter lead to the appearance f

various cuticular appendages, such as

hairs, bristles, scales, etc., which are

placed on the cuticular pores, and con-

tain as a matrix their special cell or a process of it. Cuticular

membranes may obtain a very considerable thickness, and, by the

deposition of calcareous salts, a high degree of firmness (cai^apace of

Crustacea) so that they acquire the value of skeletal tissue.s, which,

FIG. 22c. CM, cuticle with bristles in

the condition of ecdysis. Cu',

newly-formed cuticle (Branchipus).
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however, it is generally difficult to distinguish from certain connective

tissues.

While cuticular structures are solid secretions which are of use

in supporting and giving a definite form to the organism, there are,

on the other hand, various fluid secretions proceeding from cells

which give rise to no structures, and which are often of considerable

importance from a chemical point of view. In this case the epithe-

lium becomes glandular tissue. In the simple cases the gland is

constituted of a single cell, the secretion of which either passes out

through the free surface of the membrane, or a special opening in

FIG. 24. Gastric glands, a, their origin as in-

vagiuations of the epithelium. 4, perfect gas-

tric glands.

it (fig. 23). If several cells enter

into the formation of a gland,

they are arranged, in the simplest

cases, round a central cavity, which

receives the secretion. The gland

then has the form of a sack or

blind tube, derived from an inva-

gination of the epithelium, either of

the inner or the outer surface of the body, into the subjacent tissue.

From this fundamental form the larger and more complicated

glands are to be derived, as the result of continued regular and

irregular outgrowth. While their form presents great variations,

they are univer.-ally characterised by the transformation of their

terminal portion into a duct; this differentiation may also appear

in the simple glandular tubes, and even in the unicellular glands

(figs. 23, 24).

FIG. 23. Unicellular glands, a, goblet

cells from the epithelium of the small

intestine of a vertebrate, b, unicel-

lular cutaneous gland of Argulus

with, long duct, c, unicellular cuta-

neous gland of insects with cuticular

duct.
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N

2. The tissues of the connective substance. Under this term

there are included a great number of different tissues which morpho-

logically resemble each other in the presence of a greater or less

amount of intercellular substance, intercalated between the cells (con-

nective tissue corpuscles). They connect and surround other tissues,

and serve as supporting and skeletal structures. The intercellular

substance arises from the cells as a differentiation of the peripheral

part of their protoplasm ;
it cannot accordingly be genetically clearly

distinguished from, the cell membrane and its differentiations, which

we have considered in connection with epithelial tissue. The cell

walls already produced by the protoplasm may also become fused

with the intercellular substance, and so contribute to its increase.

The intercellular substance is usually secreted by the whole periphery

of the cell, and presents great variations both in its morphological

and chemical characters.

When the amount of intercellular substance is small, the tissue is

called cellular or vesicular connective tissue. This form is found

especially in medusae, molluscs, and

worms, and to a less extent in verte-

brates (notochord, fig. 25), and is not

sharply marked off from cartilaginous

tissue. Embryonic connective tissue,

which consists of closely aggregated

embryonic cells, evidently closely re-

sembles it.

Mucous or gelatinous connective tissue

is characterised by possessing a watery

hyaline and gelatinous matrix. The

condition of the cells in each case is

different. Frequently they send out

delicate, often branched processes

which anastomose with one another

and form a network. In addition,

however, parts of the intercellular

substance may be differentiated into bundles of fibres (Wharton's

gelatine in the umbilical cord). Such forms of tissue are found

amongst the Invertebrata, e.g., in Heteropods and Medusae, whose

gelatinous disc, in consequence of the reduction or complete absence

of cells, is reduced to a layer of soft or hardened connective iis.-ue

but little different in its origin, as a unilateral cell excretion, from

cuticular structures (Hydroid Medusae, swimming bells of Siphono-

FIG. 25. Vertebra of larva of a toad

(after Gotte). Ch, notochord cells ;

ChS, notochord sheath ; Sk, skele-

togenous tissue ; N, spinal cord.
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phora). The so-called secreted tissue of young Ctenophora, and the

gelatinoxis tissue of Medusse and Echinoderm larvae, into which cells

eventually migrate, being at first absent, has a similar relation

(fig. 26).

FIG. 26. Gelatinous tissue of Rhizostoma. F, fibrous network; Z, cells with processes;
Z', the same in division.

Reticular connective tissue consists of a network of star-shaped
and branched cells, the spaces of which contain another kind of

tissue element. In the so-called adenoid tissue, which functions as

the supporting tissue of the lymph glands, the contents of the inter-

cellular spaces are lymph corpuscles.

A form of connective

tissue very widely scat-

tered amongst the Ver-

tebrates is the so-called

Jibrillar connective tissue

(fig. 27). This consists

of a large proportion
of spindle-shaped, or

branched cells, and of a

solid intercellular sub-

stance, which is totally
or partially broken up
into bundles of fibres and

FIG. 27. Fibrillar connective tissue.

possesses the property of

yielding gelatine on boiling. If the protoplasm of the cells is mostly
or entirely used up in the formation of fibres, fibrous tissue is produced
v.ith nuclei in the position of the original cells. Very often the
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fibres have a wavy outline, and are arranged nearly parallel to one

another (ligaments, tendons). In other cases they cross one another

at an angle in different directions (dermis), or they present a net-like

arrangement (mesentery). Fat tissue consists of ordinary connective

tissue in which the cells are for the most part round and contain

greater or smaller fat globules.

If the normal fibrillse and bundles of fibrillae be treated with acids

and alkalies, they swell up, and a second form of fibre, which resists

these re-agents, comes into view. These are the elastic fibres (fig. 28),

so called because they preponderate in

tissue which is especially elastic. They

present a tendency to branch and to

form networks, and often possess great

strength (ligamentum nuchae, arterial

walls). They may also be spread out and

connected together so as to form a perfo-

rated membrane (fenestrated membrane).

Cartilage is another form of connective

tissue. It is characterized by the shape

of its cells, which are usually spherical,

and its firm intercellular substance. The

latter contains chondrin, and determines

the rigidity of the tissue. Externally,

cartilage is covered by a vascular connective tissue -coat, known as

the perichondrium. When the intercellular substance is very

slightly developed, we get tissues which are transitional between

cellular connective tissue and cartilage.

FIG. 28. -Elastic fibres, a;

b, network.

FIG. 29. a, Hyaline cartilage with cells. b, Fibro-cartil i.^-e.

According to its special constitution, three kinds of cartilage may
be distinguished, viz., hyaline (fig. 29, a), fibrous (fig. 29, b}, and
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elastic cartilage ;
the latter containing a network of elastic fibres.

There are also intermediate forms, approximating to the fibrillar

connective tissue, in which cartilage cells may be surrounded by
bundles of connective tissue fibres. The cells are placed in spaces,

which are usually round, in the intercellular substance, and are sur-

rounded by firm layers which are separated off from the latter, and

have the appearance of capsules. These so-called cartilage capsules

were formerly looked upon as the membranes of the cartilage cells,

analogous to the cellulose capsules of plant cells ; a view of them

which is not in any way opposed by what is known as to their

development as secretions of the protoplasm. Nevertheless, the

capsules stand in closer relation to the earlier formed intercellular

substance which has been produced in the same way, in that they

often fuse with it. The growth of the cartilage is accordingly in the

main interstitial. We frequently see in the spaces in the cartilage

several generations of cells

surrounded by special capsules

placed one within the other.

In such cases the secreted cap-

sules have remained separate

from the intercellular sub-

stance. Certain kinds of car-

tilage, moreover, have spindle-

shaped cells, and sometimes

the cells are prolonged into

numerous radiating processes.

Calcareous salts may also be deposited in the intercellular substance

in a greater or less quantity. In this way arises the so-called in-

crusted cartilnge, or the cartilage bone (fig. 30), which in the sharks

is present as a persistent form of skeletal tissue, but in the higher

vertebrates only as a transitional structure. Cartilage owes its special

usefulness as a skeletal tissue to its rigidity. It is sometimes found in

the Invertebrata (Cephalopoda, tubicolous worms such as Sabellfv,

Coelenterata), and very generally in the Vertebrata, whose skeleton

always contains a certain amount of cartilage, and in fishes may be

exclusively constituted of it (cartilaginous fishes).

Osseous tissue possesses a still higher degree of rigidity. The

intercellular substance is strengthened and hardened by the deposi-

tion of carbonate and phosphate of lime, while the cells (the so-called

bone corpuscles^ possess numerous fine processes which anastomose

with each ether (fig. 31 a, b, c). The cells occupy spaces in the com-

FIG. 30. Incrusted cartilage, or cartilage bone.
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pact intercellular substance, which is also traversed by numerous

canals, known as Haversian canals. These contain the nutritive

blood-vessels and correspond exactly

in their course and branchings

to the latter. The intercellular

substance consists of lamellse, which

are arranged concentrically round

the canals. The Haversian canals

begin on the surface of the bone,

which is covered by a vascular and

nervous connective tissue layer,

known as periosteum, and open
into larger spaces (marrow spaces),

which in the long bones occupy
the axis of the bone, but in the FIG. 31a. Longitudinal section through a

spongy bones have an irregular
long bone (after KSlliker). e, Haver-

OJ sian canal,

distribution.

In a seoond form of osseous tissue the cells themselves remain in

the outer part of the excreted intercellular substance, and only their

*i K

FIG. 314. Transverse section through a long
bone (after Kolliker). E, bone corpuscles ;

<?, Haversian canals
; L, lamellae.

FIG. 31 c. K, spaces containing the "bone

corpuscles and their processes they

open into the Haversian canal, He
(after Kolliker),

numerous processes, which run parallel to one another and are of

great length, are embedded in it. The intercellular substance,
which is hardened by the deposition of calcareous salts, is therefore

traversed by a great number of fine tubes. It is deposited on one

side only of jbhe cells, and in its origin recalls the hard carapace
of the Crustacea, which is similarly traversed by prolongations of

cells.

This kind of osseous tissue, traversed by fine parallel tubes, is
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found

teeth

in osseous fishes, and quite universally as the dentine of

(fig. 32).

With regard to its development,
bone is preceded by soft connective

tissue or by cartilage. In the first

case, it develops by the transfor-

mation of the connective tissue

cells into bone corpuscle-, and by
the hardening of the intermediate

tissue. More frequently it is pre-
ceded by cartilage ; and this holds for

a great part of the vertebrate skele-

ton. Formerly great importance was

attached to this difference in the origino

D

FIG. 32. Section through. *he root of a
tooth (after Kolliker). C, cement

;

J, interglobular spaces D, dentine
with deutinal tubes.

of bones
;
and a primary was

distinguished from a second-

ary method of bone develop-

ment. In reality the two Fl ' 33'~A Section f ossifrille cartilage (after

Frey). a, Smaller marrow spaces placed in the

processes resemble each other cartilage; b, ditto, with cells of the cartilage

closelv For in the latter
marrow ; , remains of the calcified cartilage ;

d, larger marrow spaces ; e, osteoblasts.

case, in conjunction with a

precedent deposition of lime, and partial destruction or reduction

of the cartilage, there is a new formation of a soft connective

tissue-substance (osteogenic substance) from the centre outwards, thr

cells (osteoblasts) of which give rise to bone corpuscles and the

intermediate tissue becomes the hard basis of bone (fig. 33). More-

over, cartilage bones grow in thickness at the expense of the
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periosteum, the connective tissue of which is directly transformed

into bony substance.

3. Muscular tissue. We ascribe the property of contractility to the

protoplasm itself of the active cell
;
but we observe that, even in

the protoplasmic body substance of the Infusoria, a striated arrange-

ment obtains in those parts in which the contractile function especially

resides. By a similar differentiation of the protoplasm certain cells

and aggregations of cells possess

in a much higher degree the

FIG. 31o. Myoblasts of a Medusa

(Aurelia) .

power of contractility, and give

rise to the so-called muscular

tissue which serves exclusively for

movement. At the moment of

their activity these cells undergo

a change of shape ; they become

shorter and broader than when at rest.

In many Coelenterata, cells are found in which a part only of the

cell is developed into a contractile fibre. It is the deeper parts of

such cells which give rise to

delicate muscular fibres or net-

works of fibres, while the

superficially placed body of

the cell *
(myoblast), the part

which produces the above,

performs other functions, and

usually bears a ciliurn. In

consequence of their epithelial-

like arrangement, the myo-
blasts receive the name of

muscle-epithelium (fig. 34
,

6). In their further develop-

ment the greatest part of the

cell protoplasm appears to

give rise to contractile muscle-

substance ; and sometimes the whole cell becomes elongated into a

muscle fibre.

Two kind-; of muscles, which are morphologically and physiologically

different, are to be distinguished, viz., the smooth muscles, or con-

tractile fibre-cells
;
and the cvoss-striped muscle-substance.

'

These cells have been called neuro-muscular cells ; a misleading term, since
it cannot be shown that they have had anything to do with the origin of

ganglion cells.

FIG. 34i. Muscle-epitlieliuin of a Medusa

(Aurelia).



44 GENERAL PABT.

In the first case we have to do with flat, spindle-shaped, or band-

shaped elongated cells, and with layers of such cells. They react

slowly to nervous stimuli ; they enter the condition of contraction

gradually, and remain contracted for some time. The contractile

substance appears for the most part to be homogeneous, but it is

sometimes longitudinally striated. The smooth muscles have the

widest distribution amongst the

Invertebrate,
;
but they are also

found in vertebrates, in the walls

of numerous organs (vessels, ducts

of glands, intestinal wall) (fig. 35).

Cross-striped muscle consists

of cells, more frequently of multi-

nucleated so-called primitive bun-

dles. It is characterised by the

partial or complete transforma-

tion of its protoplasm into a cross-

a /.>

FIG. SO. (?, Primitive fibre. fc.cross-stripeJ

muscle fibre (primitive muscle bundle)
of Locerta with rierve termination.

FIG. 35. a, smooth muscle fibres isolated, b,

piece of an artery (after Prey) ; 1, outer

connective tissue layer ; 2, the middle ) iyer
formed of smooth muscle fibres; 3, non-nu-

cleated inner layer.

striped substance, consisting of

special doubly refracting elements

(sarcous elements) connected to-

gether by a simply refracting inter-

mediate substance (fig. 36, a, b).

Physiologically, this form of mus-

cular tissue is characterised by the energetic and considerable

contraction which immediately follows its excitation, a property
which renders it especially suitable for the carrying out of powerful
movements (muscles of vertebrate skeleton).

In the simplest cases the cross-striped fibrillse are produced by the

deeper parts of the myoblasts, which form a continuous flat surface

epithelium (musc-le epithelium) above the layer of delicate fibres

(Medusse and Siphonophora) (fig.
34

b).
In the higher animals they
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arise from the transformation of a greater quantity of protoplasm,

and almost the whole contents of the cell are concerned in their

production. Rarely the cells remain single, and never acquire more

than one nucleus, so that the muscle is composed of only a single cell

(eye muscles of Daphnia). Sometimes the cells become elongated

into long tibres, the primitive bundles
;
the nuclei at the same time

increase in number, and a membrane, the sarcolemma, becomes

developed on the outer surface of each fibre. More frequently,

however, the primitive bundles arise by the fusion of several cells

placed in a row. Either the nuclei come to lie close to the sarco-

lemma in a peripherally-placed layer of finely granular protoplasm,

or they are arranged in a row in the axis of the fibre in some finely

granular non-contractile protoplasm. The finer and coarser muscular

bundles are composed of many primitive bundles (fibres) placed close

together and held together by connective tissue. The fibrillation of

the muscular bundles corresponds to the direction of the primitive

bundles (muscles of Vertebrata). Finally, both the simple cells, and

the multi-nucleated muscles which arise from them, may be branched

(heart of Vertebrata, intestine of Arthropods, etc).

4. Nervous tissue. As a rule, nervous tissue is found with mus-

cular tissue, and is the means by which stimuli are conveyed to the

latter; but above all, it is the seat of sensation and the will. "With

regard to this important function it would appear probable that in

phylogeny the elements of nervous tissue have not arisen in con-

nection with muscular tissue, but in connection with the sense

cells found in the skin, i.e., differentiated ectoderm cells, and that

then, still remaining connected with the sense-cells, they have

travelled inwards into the subjacent tissue ; while the connection

with the muscle-cells, which at first possessed an independent

irritability, is only secondary.

Nerve-tissue contains two distinct structural elements, nerve cells

or ganglion cells, and nerve fibres ; both possess a distinct minute

structure and molecular arrangement, as well as chemical compo-
sition.

The ganglion cells act as centres for nerve-stimuli, and are found

especially in the central organs which are known as brain, spinal

cord, or simply ganglia. They usually possess a finely granular

contents, with a large nucleus and nucleolus and one or more pro-

cesses (unipolar, bipolar, multipolar, ganglion cells), one of which

is the root of a nerve fibre
(fig. 37, a, b).

Frequently the ganglion cells are enclosed in connective tissue
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sheaths, which are prolonged over their processes and so over the

nerve fibres. Very generally several ganglion cells are enclosed

in a common sheath.

Nerve fibres are either centrifugal, i.e., they carry nervous impulses
from the central organ to the peripheral organs (motor, secretory

nerves) ; or they are centripe-

tal, i.e., they carry them from

the periphery to the central

organs (sensory nerves). They
are prolongations of ganglion

cells, and, like them, are fre-

FIG. 38. Nerve fibres (partly after M.

Schultze). a, non-medullated sympa-
thetic fibre, b, medullated fibres, one
of them with commencing coagulation
of the axis cylinder, c, medullated

nerve fibre with the sheath of

Schwann.

FIG. 37. a bipolar ganglion cell, b, nerve cell,

from the human spinal cord (anterior cornu),

(after Gerlach). P, pigment body.

quently enclosed in a nucleated sheath.

The larger and smaller nerves are

composed of a number of such fibres

bound together. According to the

minute structure of the nervous sub-

stance we distinguish two kinds of

nerve fibres (1) the so-called medullated nerves, with a double

contour; (2) the non-medullated or naked axis cylinders (fig.

38, a, b, c).

The former are distinguished by the fact that, on the death of

the nerve and as the result of coagulation, a strongly refractile

fatty substance which forms a sheath for the nerve fibre comes into

view. This sheath is known as the medullary sheath, and the

central fibre as the axis cylinder. The medullary sheath disappears

near the ganglion cell, the axis cylinder only entering the protoplasm
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of the latter. They possess in addition an outer sheath, known as

the sheath of Schwann (cerebro-spinal nerves of most vertebrates).

In the second form, i.e., in the non-medullated nerve fibres, the me-

dullary sheath is absent, the axis cylinder being either naked or sur-

rounded by a connective tissue sheath. The axis cylinder here also

is connected with a ganglion cell (sympathetic nerves, nerves of

Cyclostomata and Invertebrates). Very often, however, and this is

especially the case with sense nerves, we find that the axis cylinder

may break up into very fine nerve fibrillre, and be, so to speak,
resolved into its elements.

Finally, the nerves of In-

vertebrates very often appear
as finely striated bundles of

fibrilla?, in which, on account

of the absence of a sheath, it

is not possible to recognise

the limits of the individual

axis cylinders.

Peripherally the sensory

nerves become connected with

accessory structures (end-or-

gans), derived usually from

epithelial cells and their cuti-

cular products, or rarely from

connective tissue substance

(tactile organs). The end-

organs are therefore for the

most part derived from modi-

fied epithelial cells (sensory

epithelium). Ganglion cells

are frequently found inserted

in the course of the nerve

fibres close to their termination

(fig. 39, a, b, c.)

Fio. 39. Rod-shaped sense cells from the olfac-

tory organ (after Max Schultze). a, from the

frog ; Sz, supporting cell between two ciliated

i-od-cells. b, from man. c, from pike. Pro-

bable connection between the nerve fibrillaei

and the sense cells.

INCREASE IN SI2E AND PROGRESSIVE DIFFERENTIATION, DIVISION OF

LABOUR AND PERFECTION.

The lowest organisms possess neither tissues nor organs formed
from cells. The whole organism consists of a single cell. The body
of such an animal is composed of protoplasm, and its skin of the
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cell membrane. The latter is often without an opening for the

entrance of solid bodies
;
the entrance of food being entirely effected

by endosmosis. In such cases, e.y., in the Gregarines and parasitic

Opalines, the outer body-wall suffices, like the membrane of the cell,

for the performance of such vegetative functions as the absorption

of food and the removal of the excretory products. The protoplasm

(sarcode) constitutes the body parenchyma, and is the seat of the

animal and vegetative vital activities.

Accordingly there results a definite connection between the

functions of the peripheral layer and of the included mass, in which

the processes of animal and vegetative life are carried on. This

connection pre-supposes a definite relation between the superficial

area of the surface and the size of the mass, and this relation changes

as growth proceeds. For while the surface inci-eases by squares, the

mass increases by cubes ;
while the mass increases in three dimensions,

the surface only increases in two, and therefore as growth proceeds

the relation changes to the disadvantage of the latter. In other

words, with increase of size the superficial area becomes relatively

smaller. Finally it becomes relatively so small that the vegetative

processes cannot be carried on, and it is necessary for the mainte-

nance of life that for a given energy of life it should be increased

by the production of new surfaces.

This holds not only for the simple unicellular organisms, which

resemble cells in their nutritive processes, but also for cells them-

selves whose size never exceeds certain fixed limits. Further, as

the organism increases in size, not only does it divide into several

cells, but these cells arrange themselves in such a way as to give

the largest possible extent of surface. The cellular organism accord-

ingly acquires not only an outer but also an inner surface on which

the cells are arranged in a regular layer. With the appearance of

an inner surface, a division of labour is established. The outer layer

carries on the animal functions and such vegetative processes as

those of respiration and excretion, while the inner (digestive cavity}

servesfor the reception and digestion offood.

We thus see that increase in size must not only be accompanied by

an increase in the complexity of organisation, but must also bring out

at the same time the essential characteristics of animal organization.

The numerous cells developed from the original simple organism

were at first equivalent to one another, and all endeavoured to take up

a peripheral position (colonies of Protozoa Volvox Blastosphere) (fig.

40, a, b.} Then, in consequence of the needs of the growing organism,
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it became necessary that they should be divided, so as to bound two

surfaces, into an external and an internal layer ; the one forming
the outer wall of the body and known as ectoderm, and the other

lining the central cavity (digestive ^
cavity) known as endoderm

;
these

two layers being continuous with

one another at the opening of the

central digestive cavity, or mouth

opening (fig.
40

c).
The cells of

the two layers, in correspondence

with the difference in their function,

possess a different structure. Those

of the outer layer, which carry on

the animal functions, are usually

cylindrical ciliated cells containing

a pale albuminous substance
;
those

of the inner layer are more rounded

and of a darkly granular aspect ;

they may also bear cilia for the

movement of the contents of the

cavity which they line. In actual

fact we find this form, which from

a physiological standpoint is the

simplest organism with cellular dif-

ferentiation that we can conceive

of, realised in the two-layered
"
gas-

trula," which appears in the de-

velopment of almost all groups of

the animal kingdom as a free-

swimming larva, and to which the

adult sexually mature Ccelenterate

closely approximates.

As the organism increases in

size, additional complications ensue.

These result partly from a still fur-

ther increase of surface brought
about by secondary invaginations
and partly from the appearance of

some intermediate tissue placed be-

tween the two primary layers. The secondary invaginations perform

special functions and give rise to glands; while the intermediate

FIG. 40. a, Cell colony of young: Totcox

Globator (after Stein). I, Blastosphere

stage of an Acalepha larva (Aurelia

Aurita). c, Gastrula stage of b; Ect

Ectoderm; En, Endoclerm; o, Blasto

pore (mouth of Gastrula).
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tissue, developed from one or both of the primary layers, primitively

serves as a support for the body and forms the skeleton
;
and it also

gives rise to muscles which increase the organism's power of move-

ment and apply themselves, on the one hand, to the ectoderm

(somatic muscles), and on the other, to the endoderm (splanchnic

muscles). Between the primary layers of the body there is primi-

tively present a space, the primary body cavity.* Subsequently a

second, space, developed as a split in the intermediate tissue may
appear, giving rise to the secondary body cavity. t~ From the latter

the vascular system is developed.

Contemporaneously with the appearance of muscles a nervous

system is usually differentiated from modified cells of the outer layer.

Outgrowths from the body also are developed, which may have either

a radiate or a bilateral arrangement. They take the form either of

organs of nutrition (gills) originating from the need for an increase of

surface, or of organs of prehension and movement (tentades, limbs).

The increasing complexity of organization depends, therefore, not

only upon the extension of the surfaces endowed with vegetative

functions, and on the appearance of the organs of animal life, but

also on a progressing process of division of labour; which results in

a clearer and more definite localization of the various functions,

necessary for the maintenance of life, in special organs. The greater

this specialization the more completely will each organ be able to

discharge its special functions, and supposing a proper co-ordination

between the working of all the organs, a great advantage accrues

to the organism, which is thereby rendered capable of a higher and

more complete life. Therefore we find, as a general rule, that the

larger the body and the more complex the organization, the higher
and more perfect is the life. In this relation, however, the form and

arrangement of the organs which characterize the various groups

(types), as well as the special conditions of life which are limited by

them, must be taken into account as compensating factors.

CORRELATION AND CONNECTION OF ORGANS.

The organs of the animal body stand in a mutually limiting rela-

tion to one another, not only in their form, size, and position, but

also in their actions ; for since the existence of an organism depends

upon the blending of the individual performances of all its organs

to a united manifestation, the various parts and organs must all, iu

*
Usually known as segmentation cavity. ED.

t Usually known as "
body cavity," or " ccelom." En.
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a definite and regular manner, be adjusted and subordinated to one

another. This relation of dependence, necessarily resulting from the

conception of the organism, has been very suitably termed " Corre-

lation
"
of organs ;

and many years ago served for the establishment

of several principles, the cautious application of which has been of

great service to the comparative method.

Each organ, in order that it may properly discharge the functions

which are requisite for the maintenance of the entire machine, must

comprise a certain number of working units, and consequently must

have a certain size and possess a form dependent partly on its func-

tions and partly on its relation with other organs. If an organ

becomes abnormally enlarged it increases at the expense of the sur-

rounding organs, and the form, size, and function of the latter

become injuriously modified. Fromthis isdeducedthe principle to which

Geoffrey St. Hiliare gave the name if he was not the first to recognise

it of the "principe du balancement des organes," and this enabled that

investigator to establish the doctrine of " Abnormalites "
(Teratology).

The organs which are physiologically similar, i.e., organs which per-

form in general the same function, as, for instance, the teeth or the

alimentary canal or the organs of movement, undergo great and

various modifications
;
and the particular methods of nutrition and

habits of life, as well as the external conditions which must be ful-

filled if the life of any particular genus is to continue, depend upon
the special arrangement and action of the individual organs. Given

therefore the special form and arrangement of a particular organ or

part of an organ, it is possible to arrive at conclusions concerning

the special structure, not only of many other organs, but even of

the entire organism, and to reconstruct to a certain extent the whole

animal so far as its essential features are concerned. This was first

done by Cuvier for many extinct Mammalia, with the aid of scanty

fragments of fossil bones and teeth, in a masterly manner.

If we regard the life of the animal and its maintenance, not as the

result, but as the end sought, as the aim of all the special arrange-

ments and actions of the individual organs and parts, we are led to

the "
principe des causes finales" (des conditions d'existence) of Cuvier,

and consequently to the so-called teleological doctrine by which we

certainly do not attain to a mechanico-physical explanation. However

that may be, this theory, if it be regarded merely as an expression

of the reciprocal relations which necessarily exist between the form

and function of the parts and of the whole, and not in the Cuvierian

sense as implying the existence of design, renders important and
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indispensable service to the understanding of the complicated corre-

lations and the harmonious adjustments in the organic world.

The same plan of structure and arrangement of the organs is not

found, as Geoffroy St. Hilaire asserted in his theory of analogies,

in the whole animal kingdom ; but, on the contrary, there are, as

Cuvier stated, several plans of organization or types. The term
'

Type
" was applied by Cuvier to the chief, i.e., the most compre-

hensive and general divisions of his system ;
and each type was

distinguished by the sum of the characters of its form and structure.

In the essential characteristics of their structure, the higher and

lower members of the same type agree, while in the unimportant
details they present the most marked differences. The different

types themselves do not represent absolutely isolated groups, nor

groups which are exactly equivalent to one another, but in a greater

or less degree they are related to one another
;
this is evident after

an examination of the lower forms and a careful comparison of the

developmental histories.

To morphology belongs the task of pointing out the identity of plan
under the most diverse conditions of organization and habits of life,

not only among animals of the same group but also between those of

different groups. This science has for its object the determination

of homologies, as opposed to analogies which concern the similarity

of function, i.e., the physiological equivalence of organs found in

different groups, e.g., the wing of a bird and that of a butterfly. That

is to say, it has to trace back to the same primitive structure parts

of organisms belonging to the same or different groups, which with

a different structure and under deviating conditions of life discharge

different functions ; as, for example, the wing of a bird and the

fore-limb of a mammal
;

and so to show their morphological

equivalence. In the same way the organs of similar structure which

are repeated in the body of the same animal, e.g., the fore and hind

limbs, are designated as homologous.

THE STRUCTURE AND FUNCTION OF THE COMPOUND ORGANS.

The vegetative organs comprise the organs of nourishment which

are necessary for all living organisms, whether animal or vegetable.

In the former, however, they gradually and in the most intimate

connection with the progressive development of the animal functions,

attain a higher and more complicated structure. In animals, the

reception of food is followed by its digestion. The substances to be

assimilated, which have been made soluble by digestion, enter a
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nutrient fluid (blood) which permeates the body, and is carried in

more or less definite tracts to all the organs. To the latter the

blood yields its ingredients, and receives from them such decom-

position products as have become useless, and carries them away to

be excreted in definite organs. The organs which serve for the

performance of the different functions of nutrition and excretion
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Fio. 41. Rotalia veneta (after II. Schultze) with a diatora caught in the pseudopnrtiaj
network.

consist of the apparatus for the reception of food and for its diges-

tion, and for blood formation ; and of the organs of circulation,

respiration, and of excretion.

Digestive organs. Even animals which have only the value of a

single cell (Protozoa) swallow solid particles of food. This is effected
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in the simplest cases, as in the Amoebae and Rhizopodn, by prolon-

gations of the sarcode (pseudopodia) surrounding the foreign body

(fig. 41). In the Infusoria, which are covered by a firm cuticle,

there is a central semi-fluid mass of sarcode (endoplasm), which is

distinct from the more compact peripheral layer of sarcode (ecto-

plasm), and which receives the nutrient substances through the

mouth and digests them.

Rows of larger cilia are

pre&ent, which serve the

purpose of procuring food

(adoral ciliated zone of the

Ciliata) (fig. 42).

Fio. 42. Stylonychia mytilns

(after Stein) viewed from the

ventral surface ; Wz, adoral

zone of cilia; C, contractile

vacuole; N, nucleus; AT/
,nucle-

olus (paranucleus); A, anus.

r 6

FIG. 43. Longitudinal section through the

body of an Anthozooid (Octactinia).

M, stomachic tube with the mouth open-

ing in the centre of the feather-like tenta-

cles
; Jiff, mesenteric folds ; G, genital

organs.

Among the animals with cellular differentiation (Metazoa), the

internal cavity of the body in the Crelenterata (morphologically

identical with the alimentary cavity and not with the body cavity

of other animals) functions as a digestive cavity, and its peripheral

adially arranged portions as a system of vascular canals (gastro-
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vascular canals). In the larger Polyps (Anthozoa) a tube derived

from an invagination of the oral disc projects into the central part

of the digestive cavity. This is known as the stomach of the polyp,

although it serves entirely for the introduction of food, and should

be called rather the buccal or ccsophageal tube (fig. 43).

Organs for the prehension of food are found even with this simple,

digestive system. For near the mouth are placed radially or bilate-

rally arranged appendages or processes of the body, which set up

FIG. 44. Anrelia aurita seen from the oral surface. MA, the four oral tentacles with tho

mouth in the centre ; Gk, genital folds; GH, opening of the genital pouches ; lik, mar-

ginal bodies ; KG, radial canals ; T, tentacles at the margin of the disc.

currents to convey small particles of food, or as tentacles seize foreign

bodies and convey them to the mouth (Polyps, Medusae) (tig. 44).

Such appendages serving for the capture of prey may also be

placed further from the mouth (tentacles of Medusa;, Siphonophora,

Ctenophora).
When 1 he digestive cavity acquires a wall distinct from the body

wall, and usually separated from the latter by the body cavity (ex-

cepting the parenchymatous worms), it appears in the simplest cases

as a blind tube, which may be either simple, bifurcated, or branched
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Ph-

(fig. 45), with sharply marked off pharyngeal structures (Trematoda,

Turbellaria), or as a tube communicating with the exterior by an

anus (fig. 46).

In the last case it becomes divided so as to lead to the distinction

of three parts (1) of the fore-gut (oasophagus) for the reception

of the food, (2) of the mid-gut for the digestion of the food, and

(3) of the hind-gut for the expulsion of the undigested remains of

the food. Sometimes the alimentary canal aborts
; and, as in the

mouthless Protozoa (Opalina), the mouth opening may be absent

(Acanthocephala,
Cestoda, Rhizoce-

phala).

In the higher
animals, usually, not

only is the number

of the divisions

greater, but their

shape and structure

becomes more com-

plicated. The organs
for the seizure of food

also become more

complicated, and the

appendages placed

nearest the mouth

oftenbecome modified

to subserve this func-

tion. A special

chamber, the buccal

cavity, becomes

^^^^^ marked off from the

fore-gut, in front of or within which hard structures, such as jaws and

teeth, for the seizure and mastication of the food are placed (Vertebrata,

Gastropoda); and into which secretions (salivary) having a digestive

function are poured. The masticatory organs are sometimes placed

completely outside the body in front of the mouth, and consist of modi-

fied limbs
(Arthropoda), which in the parasites are metamorphosed into

structures for piercing and sucking ;
or they may have shifted so as

to lie entirely within the pharynx (Rotifera, errant Annelids) or in a

muscular dilatation of the posterior end of this organ. At this place

there is usually developed a widened chamber, the stomach, which by

A

FIG. 45. Alimentary
canal of Distomum

hepaticum (after R.

Leuckart) ; D, alimen-

tary canal ; O, mouth.

FIG. 43. Alimentary canal of

a young nematode. O, mouth ;

Oe, fore-gut (resophagus) with

pharyngeal dilatation, Ph ; D,

mid-gut; A, anus.
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repeated mechanical action (masticatory stomach of Cray-fish) or by
the secretion of digestive fluids (pep.sin) furthers digestion ;

or it

may, as in birds, subserve both these functions. From the stomach

the food passes into the mid-gut. Dilatations and out-growths of the

buccal cavity give rise to cheek and

throat pouches, of the ceosphagus to

the crop, of the stomach to blind sacs

which serve as reservoirs for the food

(stomach of Ruminants) (figs. 47 & 48).

In the middle

section of the

alimentary ca-

nal,or intestine,

the digestive

processes, al-

ready c o m -

menced in the

mouth by the

action of the

salivary secre-

tion and con-

tinued in the

stomach by the

action of the

pepsin of the gastric juice (upon albumins

in an acid solution), is completed. The food

constituents which have been so far unacted

upon (chyme) are in the intestine submitted

to the action of the secretions of the liver,

pancreas, and intestinal glands, and by them

converted into the chyle, which is absorbed

by the intestinal walls
;
the albumins being

converted, as in the stomach, into soluble

FIG. 43. Alimentary oanai of modifications by the action of trypsin

S^5SIS; ("*8. however
>
onl^ in alkaline solutions).

Oe, oesophagus; s, sucking The intestine often attains a great length,
stomach

; Mg, Malpighian , -, ,..,,.
tubules; Ad, rectum and becomes divided into regions possessing

a different structure
; e.g., in the intestine of

mammals three regions can be distinguished duodenum, jejunum,
and ileum. Its surface is, as a rule, increased by the develop-

ment of folds and villi, and sometimes of outgrowths. Amongst

FIG-. 47. Alimentary canal and ac-

cessory glands of a caterpillar.

O, mouth ; Oe, oesophagus ; Sp D,

salivary glands ; Se, spinning

glands ; MD, intestine (mid-gut) ;

AD, rectum (hind gut) ; MG, Mal-

pighian tubes.
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K

the Invertebrata it is often possible to distinguish an anterior

especially widened portion of the intestine, which receives the hepatic

secretion and is called stomach from the posterior, narrower, and

longer section, which is known as intestine.

The hindermost section of the

alimentary canal or hind gut,

which is not always sharply

marked off from the intestine,

is especially concerned with the

collection and expulsion of the

undigested remains of the food,

or freces. It may also possess

CEecal appendages attached to its

anterior part, and possessing a

digestive function. In the lower

animals it is a small structure,

but in the higher animals it at-

tains a much more considerable

length, and receives anteriorly

one (Mammalia) or two (Birds)

caeca, and it may be sub-divided

into two parts, known as large

intestine and rectum
;

in the

Vertebrata its hind end receives

the ducts of various glands (kid-

ney, generative organ", anal

glands). It may in addition dis-

charge other functions, e.g., a

respiratory (larvae
of Ldbellulidse)

or a secretory function (larva of

PJO. 4-j. Alimentary canal of a bird. Of, Ant Lion).
oesophagus ; Jf, crop ; JDm, proventriculus ; The paliyary glancls Hver and
Km, gizzard ; D, small intestine ; P, pan-
creas placed in the loop of the duodenum ; pancreas are to be regarded as

n, liver; c the two c*ca
; IT. ureter } o,

growths of the alimentaiyoviduct ; Ad, large intestine ; Kl, cloaca.

canal which have become diffe-

rentiated into glands.

The secretion of the salivary glands is poured into the buccal

cavity, and there performs two functions (1) it dilutes the food,

(2) it has a chemical action upon it, converting the starch into

sugar : they are absent in many aquatic animals and are especially

developed in herbivorous animals.
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The liver, distinguished in the higher grades of development by
its great size, is an appendage of the first part of the small intestine

(duodenum). The first trace of it is met with in the lower animals

in the form of a characteristically coloured part of the cellular

covering of the gastric cavity or intestinal wall (Coelenterata,

worms). In the higher animals it has at first the form of a small

blind sac (small Crustacea) ; this, by a process of branching, is con-

verted into a complicated struc-

ture composed of ducts and folli-

cles, which may become connected

together in very different ways
-so as to give rise to an apparently

compact organ. Nevertheless, it

must be remembered that, in the

different groups of animals,

glands, which differ both mor-

phologically and physiologically,

are included under this term,

"liver." While in the Verte-

brata the liver, as a bile-pro-

ducing organ, possesses no known
relation to digestion, in the In-

vertebrata the secretions of many
glands, which are generally called

"
liver," but which would be

more appropriatelytermed hepato-

pancreas, exercise a digestive

action upon starch and albumen,
and at the same time contain

bye-products and colouring mat-

ters similar to those found in the

bile of Vertebrates (Crustacea,

Mollusca).
The Organs of Circulation. The nutrient material or chyle re-

sulting from digestion is distributed by a system of spaces to all

parts of the body. Excluding the Protozoa, in which the distribution

of nutrient material is effected in the same manner as in the cell or

tissue unit, the simplest form of vascular system in animals with

cellular tissues, i.e., in the Metazoa, is found in the Coelenterata.

In these animals the digestive cavity itself extends to the extreme

periphery of the body, and serves to distribute the nutritive fluids

Cue f,

FIG. 50.- Alimentary canal of Mnn. Oe,

oesophagus ; JI/, stomach
; L, spleen ; H,

liver; Gb, gall bladder; P, pancreas;
Hit, duodenum receiving the bile and pan-
creatic ducts ; Jl, ileum

; Co, colon ; Coe,

esecum with vermiform process, Pa; R,
rectum.
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(gastro-vascular system of Polyps, so-called vessels of Medusae and

Ctenophora). The so-called stomach of the Anthozoa is simply an

invagiuation of the body wall into the central cavity of the animal,

and functions only as cesophagus.

When a distinct alimentary canal is present, the chyle is absorbed

by the walls of the gut, and passed through them into the coelom or

space developed between the gut and body walls (into the general

D

Br

FIG. 51. Daphnia with simple heart. C, the slit-like opening on one side is seen; D,

alimentary canal ; L, liver; A, anus; O, brain; O, eye ; Sd, shell gland; Br, brood

pouch placed dorsally beneath the carapace.

tissue of the body in the acoelomate parenchyrnatous worms), and

there gives rise to a fluid, the blood, in which (with some few

exceptions) corpuscles (cellular structures produced in the organism)

are found. In this space, or in a system of lacuna? derived from it,

the blood circulates. Primitively its movements are quite irregular,

taking place with each movement of the body (as in many worms),

and are effected chiefly by the contractions of the somatic muscles
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'Ascaris), but also by the movements of other organs, e.g., the

alimentary canal (Cyclops). At a higher stage of development a

rudiment of the central organ of the circulation, appears, in that a

special section of the blood path acquires a muscular investment,

and as a pulsating heart, comparable to a force and suction-pump.

FIG. 52. Male of Branchipus stagnalis with many-
cha.rnbered heart or dorsal vessel Jiff, the lateral

openings in \vhich are repeated in every seg-

ment. D, intestine ; 3f, mandible ; Sd, shell

gland ; Hr, branchial appendage of the llth pair
of legs ; T, testis.

A

FIG. 53. Heart of a Copepod
(Calanelhi) with an ante-

rior artery, A. Os, cstia ;

V, valves at the arterial

ostium ; M, muscle.

maintains a continuous circulation of the blood. The heart is either

sac-shaped, with two lateral or one anterior slit-like opening (Daphnia,

Calanus) (fig. 51), or elongated and divided into successive chambers

and perforated by many pairs of slit-like openings (Insects, Apus)

(fig. 52). As a rule, each chamber possesses a pair of laterally placed
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o.stia, provided with lip-like valves, which act so as to allow the blood

only to enter the organ.
From the heart, as central organ of the circulation, well denned

canals, the blood vessels, are then developed, which in the Invertebrata

may alternate with lacunse not provided with walls. In the simplest

cases it is only the tracts along which the blood travels from the

heart which are provided with independent walls, and developed into

blood vessels (marine Copepoda, Calanella, fig. 53). At a higher

stage of development not only do these efferent vessels acquire a

more complicated structure, but a part of the lacuna-system, especially

in the neighbourhood of the heart, acquires a membranous invest-

ment, and gives rise to vessels which carry the blood back to the

A.ab

FIG. 61. Heart and blood vessels and gills of the crayfish. C, heart, in a blood sinus ; with
Pa several pairs of ostia; Ac, cephalic aorta; A.ab, abdominal aorta; As, sternal

artery.

pericardial sinus, from which it passes through the venous ostia into

the heart (Scorpions, Decapods) (fig. 54).

In other cases (Molluscs) the blood flows directly from the afferent

vessels into the heart, the walls of the vessel being directly continuous

with the walls of the heart. The heart in such cases consists of two

chambers, the one known as auricle serves for the reception of the

returning blood, the other known as ventricle for its propulsion

(fig. 55).

The vessels passing from the ventricle and carrying the blood from

the heart are called arteries
;
those returning the blood to it are

called veins, and, in the higher animals, are distinguished from the

arteries by their thinner walls. Between the ends of the arteries

and the beginning of the veins the body cavity intervenes either as
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a blood sinus or as a system of blood-lacunae
;
or the arteries and

veins are connected by a network of delicate vessels, the capillaries.

If the connection between arteries and veins is effected by capillaries

in all parts of the vascular system, and the body cavity, as in the

Vertebrata, no longer functions as a blood sinus, the vascular system

is spoken of as being completely closed.

In the Vertebrates and segmented worms the vascular system ob-

tains a considerable development before a true heart is differentiated

in it. At first rhythmically pulsating sections, very frequently the

FIG. 55. Nervous system and circulatory organs of Paludina vivipara (after Leydig). F.

tentacle ; Oe, oesophagus ; Cg, cerebral ganglion with eye ; Pg, pedal ganglion with

adjacent otocyst ; Vg, visceral ganglion ; Phy, pharyngeal ganglion ; A, auricle of

heart; Ye, ventricle; Aa, abdominal aorta; Ac, cephalic aorta ; V, vein; Vc, afferent

vessel. Br, gill.

dorsal vessel, or the lateral vessels connecting this with the ventral

vessel (fig. 56), serve for the propulsion of the blood.

Similarly amongst the Vertebrata, the lancelet (Amphioxus)

possesses no distinctly differentiated muscular heart, the function of

that organ being discharged by various parts of the vascular system

which are contractile. The arrangement of the vessels supplying

the pharyngeal section of the alimentary tract, which has a respiratory

function and is known as the branchial sac, admits of a comparison

with the vascular arrangement of the segmented worms, and repre-

sents the simplest form of the vertebrate vascular system. The

kmo-itudinal vessel which runs in the ventral wall of the branchial
O

sac gives off numerous lateral branches, which ascend in the branchial

walls. These lateral vessels are contractile at their point of origin
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from the ventral vessel. The anterior pair, placed behind the mouth,
unite beneath the notochord to form the root of the median body

artery (descending or dorsal aorta) which receives the hinder succes-

sive pairs of lateral vessels. This dorsal artery gives off branches to

the muscles of the body wall and the viscera, from which the venous

blood in part is returned to the ventral pharyn-

geal vessel; part of it, however, before reaching
the latter, traverses a capillary network in the

liver.

From the hinder part of the ventral pha-

ryngeal vessel there is developed, in the higher

Vertebrata, the heart, which at first has the

shape of an S-shaped tube, but later acquires

a conical form and becomes divided into auricle

and ventricle. The former receives the blood

returning from the body and passes it on into

the more powerful ventricle, from which arises

an anterior vessel, the ascending or cardiac

aorta, presenting a swelling at its root, known
as the aortic bulb. This vessel leads, by means

of lateral vascular arches, the arterial arches,

into the dorsal aorta, which passes backwards

beneath the vertebral column, and supplies the

body. Valves placed at the two ostia of the

ventricles regulate the direction of the blood

stream
;
and they are so arranged as to prevent

any backward flow of blood from the cardiac

aorta into the ventricle in diastole, and from

the ventricle into the auricle in systole.

In consequence of the insertion of the respi-

ratory organs on to the system of the arterial

arches, the latter, and at the same time the

structure of the heart, assumes various degrees

of complication. In fishes (fig. 57), four or five

pairs of gills are inserted in the course of the

arterial arches, which break up into a respiratory capillary net-

work in the branchial leaflets. From this network the arterialised

blood is collected into efferent branchial arches, the branchial veins,

corresponding each to a branchial artery ;
and these unite to form

the dorsal aorta. In such cases the heart remains simple, and

receives venous blood.

FIG. 50. Anterior part
of the vascular system
of an Oligochffite worm
(Sanuris) (after Ge-

genbaur). In the dor-

sal vessel the blood

moves from behind

forward ;
in the ven-

tral vessel from before

backwards (see ar-

rows). H, heart-like

dilated transverse

lateral vessels.
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With the appearance of lungs as respiratory organs (Dipnoi,

Perennibranchiate Amphibia, larvae of Salamanders and Batra-

chians) (fig. 58), the heart obtains a more complicated structure,

in that the auricle becomes divided

into a right and left division, the

latter of which receives the arte-

rialised blood, returning from the

lungs by the pulmonary veins.

The septum between the two

divisions of the auricle may, how-

ever, remain incomplete (Dipnoi,

Proteus). The advehent pulmon-

ary vessels, the pulmonary arte-

ries, always proceed from the

iG. 57. Diagram of the circulator/

organs of an osseous fish. r.

ventricle ; Sa, aortic bulb with the

arterial arches which carry the

venous blood to the gills ; Ao,
dorsal aorta into which open the

vessels from the gills or branchial

veins Ab. N, kidney ; D, alimen-

tary canal; Lk, portal circulation.

FIG. 58. Gills (B>-} and pulmonary sacs (P)

of a perennibranchiate amphibian. Ap,

pulmonary artery proceeding from the

posterior of the four aortic arches. The
other three lead to the three pairs of gills ;

D, alimentary tract; A, aorta.

posterior vascular arch, which, as a rule, loses its relation to the

branchial respirat ion.

On the disappearance of the gills,
which is completed during the

metamorphosis in the S.ilamandrina and Batrachia, the pulmonary
5
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VP

which

through

arteries obtain a much more considerable size and become the direct

continuation of the hindermost pair of vascular arches, while the

remaining and primitively most important portions of the latter, i.e.

the portions leading to the dorsal aorta, are reduced to rudimentary

ducts (Ductus Botalli) or completely obliterated. Contemporaneously

with these changes there appears a fold in the lumen of the ventral

or cardiac aorta, leading to a separation of the posterior vascular

arch (pulmonary artery),

now receives

the ventricle

venous blood from the

right auricle, from the

system of anterior arches

which give origin to the

cephalic vessels and dor-

sal aorta and receive

arterial blood from the

left auricle (mixed, how-

ever, with venous blood

in the ventricle) (fig.

59).

In Reptiles the sepa-

ration of the arterial

from the venous blood

is more complete, in that

there is an incomplete

ventricular septum
which foreshadows the

later division of the

ventricle into a right

and a left half. From

the left division

the rio-ht aortic

FIG. 59. Circulatory organs of the frog. P, left lung,

right lung is removed ; Ap, pulmonary artery ; Vp,

pulmonary vein ; t'c, vena cava inferior
; Ao, dorsal

aorta
; N, kidney ; D, alimentary canal ; Lk, portal

circulation.
arises

arch,

which gives origin in its further course, to the arteries to the head

(carotid arteries). A vessel to the lungs and a left aortic arch

may also be distinguished. The left aortic arch and pulmonary

artery receive only venous blood, while the right aortic arch, and

therefore the carotids which proceed from it, receive principally

arterial blood from the left side of the ventricle (fig. CO).

The ventricular septum, and consequently the separation of tho

right from the left ventricle, is found complete for the first time
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in the Crocodilia, and in these animals the right aortic arch arises

from the left ventricle. But the separation of the arterial and

venous blood is even now not quite complete, for at the point where

the two aortic arches cross one another there is a passage (foramen

Panizza?) leading from one into the other, and through which a

communication may take place.

It is only in Birds and Mammals, in which, as in the Crocodilia,

the right and left ventricle are completely separated, th-it a separation

between the two kinds of

blood is completely effected

(fig. 61). In Birds the right

aortic arch persists, and the

left entirely disappears ; while

in Mammalia the opposite

obtains, the left arch per-

sisting and giving rise to the

dorsal aorta. In these animals

the blood is essentially diffe-

rent from the chyle both in

colour and composition, and

there is present a special

system of chyle and lymph
vessels. This system origi-

nates in simple tissue spaces,

which are without Avails, and

its main trunks open into the

vascular system. The con-

tents are derived from the

nutrient material absorbed

from the intestine (chyle),

and from the fluids which

have transuded into the

tissues from the capillaries (lymph), and they serve to renovate

the blood. In the actual course of the lymph and chyle, i.e., in the

lymphatic vessels themselves, are placed peculiar glandular organs,

known as lymphatic glands (blood glands), in which the lymph receives

its form elements (lymph corpuscles= white blood corpuscles).

Organs of Respiration. The blood needs for the retention of its

properties not only this continued renovation by the addition of

nutrient fluids, but also the constant introduction of oxygen, with

the reception of which is cloeely connected the excretion of carbonic

FIG. CO. Heart and great vessels of a Chelouian.

Ad, right auricle; As, left auricle; Ao.d, right
aortic arch; Ao.s, left aortic arch ; Ao, aorta;
C, carotids ; Ap, pulmonary arteries.
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acid (and water). The exchange of these two gases between the
blood and the external medium is the essential part of the respiratory

process, and is effected through organs which are suited for carryin"
1

on this process either in air or

in water. In the simplest cases

the exchange of these two gases
takes place through the genera]
surface of the body; and in all

cases, even when special respira-

tory organs are present, the outer

skin abo takes part in respiration.

PIG. 61 . Diagram of the circulation in an
animal with a completely separated right
and left ventricle, and a double circulation

(after Huxley). Ad, right auricle receiv-

ing the superior and inferior venae cavffi,

Ves, and Vci; Dth, thoracic duct, the

main trunk of the lymphatic system ; Ad,

right auricle
; Vd, right ventricle ; Ap,

pulmonary artery ; P, lung ; Vp, pulmon-

ary vein ; At, left auricle ; T's, left ven-

tricle ; Ao, aorta
; D, intestine

; L, liver ;

Vp', portal vein ; Lv, hepatic vein.

FIG. G2. Diagram of the great
arteries of a mammal with

reference to the five embry-
onic arterial arches (after

Bathke). c, common carotids ;

c', external carotid ; c", inter-

nal carotid; A, aorta. Ap,

pulmonary artery ; Aa, aortic

arch.

Inner surfaces also may be con-

cerned in this exchange, especially

those of the digestive cavity

and intestine, 01% as in the Echi-

nodernis, in which a separate

vascular system is developed, the

surface of the whole body cavity.

Respiration in water obviou^y

takes place under far more un-

favourable conditions for the introduction of oxygen than does the

direct respiration in air, because it is only the small quantity of
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oxygen dissolved in water which is available.

respiration is found in animals

low in the scale of life in which

the metabolic processes are less

energetic (worms, molluscs, and

fishes).

Organs of aquatic respiration,

or gills, have the form of external

appendages possessing as large a

surface extension as possible.

They consist of simple or antler-

shaped or dendritically bi-anched

Hence this form of

Ct

processes (fig-
63 a, b),

or of

Fro. 63a . Head and anterior body segments
of a Eunice, viewed from the dorsal sur-

f-ace. T, tentacles. Ct, tentacular cirrus.

C, parapodial cirrus. Br, parapodial gill.

lancet-shaped closely-packed leaves with a large

surface extension (fig. 64).

FIG. 61. Transveroe

section througn the

gill of a Teloostean

fish, b, branchial leaf-

let with capillaries ; c,

1 ranchial artery con-

taining venoua blood
;

d, branchial vein con-

taining arterial blood.

a. branchial bar.

FIG. G3i. Transverse section through the body of Eu-

nice. Br, gill ; C, cirrus ; P, parapodium with a

bundle of seta3
; D, alimentary caiial ; A', nervous

system

The organs of aerial respiration, on the contrary,

are internal. They present likewise the condi-

tion favourable for an exchange of gases between

the air and the blood, viz., a large extent of

surface. They have the form either of lungs or

sir-bearing tubes. In the first case (Spiders,

Vertebrates) they consist of spacious sacs with alveolar or spongy
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walls, traversed by numerous septa and folds which bear an extremely

rich network of capillaries. The air tubes or trachece (fig. 65) consti-

tute a branched system of canals

which extend throughout the

whole body, and carry the air

to all the organs. Thus instead

of the respi-

ratory pro-

cess being

localised, as

it is in ani-

mals with

lungs, it is

carried on in

all tissues

and organs
of the body,

which are

surrounded

by a fine
^

trachea! network. Nevertheless, the air tubes

in the case of the modification known as fan-
trachece present an approximation in their

structures to lungs, in that the main stems,

without further branching, give rise to flat

hollow leaves.

i iia

Fio. 65. Tracheae with fine brauches

(after Leydig). Z, cellular outer wall ;

Sp, spiral thread.

Via. CGi. Lateral view of head and body of nn
Acridium. St, stigmata ; T, Tympanum.

Openings in the body wall are present, placing

the organs of aerial respiration in communica-

tion with the exterior. These openings may
be numerous, and paired, placed symmetrically on the sides

FIG. GCa. Tracleal sye

tem of a Diptei.-:is

larva. 2V, Longitudi-
nal stem of the right
side with tufts of tra-

cheae; St', and St",

anterior ami posterior

stigmata ; J/A, oral

hooks.
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cf the body (fig.
66 a, b) (stigmata of Insects, Spiders), or they

may be more restricted in number, and communicate also with

cavities of complicated structure which are used for other functions

(nasal cavities of Vertebrates^. In the aquatic larva? of certain

Fin. 67ff.- -T.arva of an Ephemeral fly with seven pairs of tracher.1 ofi'i

Cf, slightly magnified ; Tk, isolated tracheal gill strongly magnified.

FIG. 67i. Tracheal sys-

tem at the sides of the

alimentary canal of

an Agrion larva (after

L. Dufour). Ttt, main

tracheal trunk ; Et,

tracheal gills ; Na, the

three simple eyes.

Insects (Ephemeridse, Libellulidae) the tracheae may be without any

external openings. In such cases processes of the body filled with

a close network of tracheae, which take up oxygen from the water,

and are known as tracheal gills, are developed (fig.
67 a, b}.

In rare

instances tracheal gills are developed on the wall of the rectum, and
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thus acquire a protected position (rectal respiration of Aesclma,

Libellula).

In other respects the branchial and pulmonary respiratory pro-

cesses are essentially the same. In the pulinonate snails (Lymnseus),
the pulmonary cavity may be filled with water, and yet continue to

function as a respiratory organ (in the young state and also under

special conditions in the adult, the animal remaining permanently
in deep water). With this fact before us of an air-breathing surface

functioning as a gill, it will not surprise us to find that gills and

branching folds of skin, which under normal circumstances serve for

breathing in water, can, provided they be protected from, shrivelling

up and desiccation either by their position in a damp space or by
their copious blood supply, function as lungs, and allow their pos-

sessors to live and breathe on land (Crabs, Birgus latro, labyrintho-

branchiate Fishes).

A rapid renewal of the medium which carries the oxygen and

surrounds the respiratory surfaces is of the greatest importance
for the gaseous exchanges. We find, therefore, very often special

arrangements, by which the removal of that part of the respiratory

medium which has been deprived of oxygen and saturated

with carbonic acid and the introduction of another portion con-

taining oxygen and free of carbonic acid, is effected. In the

simplest cases this renewal can, although not very efficiently, be

brought about by the movements of the body, or by a continuous

oscillation of the respiratory surfaces themselves
;
a method which is

especially common when the gills are placed in the region of the

mouth and function also as organs of food prehension, e.g., the

tentacles of many attached animals (Polyzoa, Bracliiopoda, tubi-

colous Worms, etc.) Very frequently the gills appear as appendages
of the organs of locomotion, e.cj.,

of the swimming or ambulatory
feet (Crustacea, Annelids), the movement of which brings about

a renewal of the respiratory medium around the gills. The move-

ments become more complicated when the gills are enclosed in special

chambers (Decapoda, Pisces), or when the respiratory organs are

placed within the body, as happens in the case of tracheae and

lungs, in which case also a renewal of the air is effected either by a

more or less regular movement of neighbouring parts, or by rhyth-

mical contractions and dilatations of the air-chamber, constituting

the so-called respiratory movements. The term respiration is now

not only applied to these movements so obvious to the eye in air-

breathing animals, but also to the osmotic processes, secondarily
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dependent upon the entrance and exit of air, which effect the

gaseous exchanges. Taken strictly in this sense it is an incorrect

term, inasmuch as in the respiratory movements of animals pro-

vided with branchial cavities we have to do with the entrance and

exit of water.

In the higher animals provided with red blood, the difference in

the condition of the blood before and after its passage through the

respiratory organs is so striking that it is possible to distinguish

blood rich in oxygen from blood rich in carbonic acid, by the colour.

The latter is dark red, and is known as venous blood ; the former,

i.e., blood which has just left the gills or lungs, on the contrary,

has a bright red colour, and is known as arterial blood.

While the terms venous and arterial are used in an anatomical

sense to express the nature of the blood-vessel, those carrying the

blood to the heart being called venous, and those carrying it from

the heart arterial, they are al o used in a physiological sense as an

expression for the two conditions of the blood before and after its

passage through the respiratory organs, i.e., to express the quality of

the blood. Since, however, the respiratory organs may be inserted in

the course of either the venous or arterial vessels, it is obvious that,

in the first case, there must be venous vessels carrying arterial blood,

(Molluscs and some Vertebrates), and, in the latter, arterial vessels

carrying venous blood (Vertebrates).

Animal heat. The intensity of respiration stands in direct relation

to the energy of the metabolism. Animals which breathe by gills

and absorb but little oxygen are not in a position to oxidise a large

quantity of organic constituents, and can only transform a small

quantity of potential into kinetic energy. They perform, therefore,

not only a proportionately smaller amount of muscular and nervous

work, but also produce in only a small degree the peculiar molecular

movements known as heat. The source of this heat is to be sought,

not, as was formerly erroneously supposed, in the respiratory organs,

but in the active tissues. Animals in which thermogenic activities are

small have no power of keeping independently their own internal

heat when exposed to the temperature influences of the surrounding

medium. This is also true of those air-breathing animals in which

the metabolic and thermogenic activities are great, but which, in

consequence of their small size, offer a relatively very large surface

for the loss of heat by radiation (Insects). On account of the ex-

changes of heat which are continually taking place between the

animal body and the surrounding medium, the temperature of the
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former must in such animals be largely dependent on that of the

latter, falling and rising with it. Hence, most of the lower animals

are poikilothermic,* or, as they have less appropriately been called,

cold-blooded.

The higher animals, on the contrary, in which, on account of their

highly developed respiratory organs and energetic metabolism, the

thermogenic activity is great, and which are protected from a rapid
loss of heat by radiation by the size of their bodies and by the

possession of a covering of hairs or feathers, possess the power of

maintaining a constant temperature, which is independent of the

rising and falling of the temperature of the surrounding medium.

Such animals are designated homotkennic, or icarm-blooded. Since

they require a high internal temperature, varying only within small

limits, as a necessary condition for the normal course of the vital

processes, or one may say for the maintenance of life itself, they
must possess within themselves a series of regulators whose function

is to keep the body temperature within its proper Limits, when the

temperature of the surrounding medium is high. This may be

effected either by diminishing the production of internal heat

(diminishing the metabolism) or by increasing the loss of heat from

the surfaces of the body (by radiation, evaporation of secretions,

cooling in water) ; and, on the contrary, when the temperature of the

outer medium is too low, by increasing the production of internal

heat (increasing the metabolic activity by more plentiful food supply,

more vigorous movements), or by diminishing the loss of heat by
the development of better protective coverings.

When the conditions necessary for the action of these regulators

are absent (want of food, small and unprotected bodies), we find either

the phenomenon of winter sleep, in which life is preserved with

a temporary lowering of the metabolic processes ; or, when the

metabolic processes of the organism do not enter into abeyance, the

remarkable phenomena of migration (migration of birds).

Organs of Secretion. The respiratory organs stand to a certain

extent intermediate between the organs of nutrition and those of

excretion, in that they take in oxygen and excrete carbonic acid.

In addition to this gas a number of excrementitious substances,

mostly in a fluid form, which have entered the blood from the

tissues, pass out by the lungs. The function, however, of excretion

*
Comp. Bergmann,

" Ueber die Verhaltnisse der Wiirmcokonomie der Thicre
zu ihri-r Grbsse," Gottingcr Studicn, 1847; also Bergmann imd Leuckart,
"
Anatornisch-physiologische Uebcrsicbt des Tbicrreicbs," Stuttgart, 1852.
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is mainly discharged by the special secretory organs. These have

the form of glands of a simple or complex structure which originate

from invaginations of the outer skin or of the intestinal wall, and

consist essentially of simple or branched tubes, or of racemo; e and

lobulated glands.

Among the various substances which by the aid of the epithelial

lining of the walls of glands are removed from the blood and some-

times utilised further for the performance of various functions, the

nitrogenous excretory substances are especially important. The

organs by which the excretion of these ultimate products of meta-

bolism are effected are the kidneys. In

the Protozoa they are represented by

the contractile vacuoles
;
in the Worms

they appear as the so-called water-

vascular vessels, and are constituted of

a system of branched canals which

take their origin in delicate internal

ciliated funnels, which open into the

spaces in the parenchymatous tissues or

i nto the body cavity. In the latter case

the ciliated funnels have a wide opening.

In the Platyelminthes (flat worms) the

efferent ducts of the system consist of

two main lateral trunks (fig. 68, Ex.\
which frequently open together at the

hind end of the body by means of a

medium terminal contractile vesicle

(fig. 68, ep).

In the segmented worms the paired

kidneys are repeated in every segment,

and are known as seymental organs

(figs.
69 and 70). The shett-ylands of

Crustacea are in all probability to be traced back to these segments I

organs : as are also the paired kidney (organ of Bojanus) of mussels,

and the unpaired renal sac of Snails, both of which communicate by

means of an internal opening with the pericardial division of the

body cavity.

In the air-breathing Arthropods and some Crustacea (Orchestia)

the urinary organs are tubular appendages (Malpighian vessels) of

the hind gut. In the Vertebrata the urinary organs or kidneys

obtain a greater independence, and open to the exterior by special

Fro. CS. Young Distomum (after

La Valette). Ex, main stems of

the excretory system ; Ep, ex-

cretory pore ; O, month with

sucker; <S, sucker in the middle

of the ventral surface ; P, pha
rynx ; D, alimentary canal.
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openings which are usually common to the generative organs ; they

consist essentially of a number of coiled tubes,

which in the more primitive types of Vertebrates

have a ciliated funnel-shaped opening into the

t body cavity (Dogfish embryo, fig. 71).

The individual tubules of which the verte
GK

FIG. 69. Longitudinal
section through the

medicinal Leech (after

R. Leuckart). A ali-

mentary canal ; 0,
brain ; Ok, ventral

chain cf ganglia ; Ex,

excretory canals (seg-

mental organs, water-

vascular system).

FIG. 70. Diagrammatic representation, of

the segmental organs of a segmented
worm (after C. Semper). Da, dissepi-

ment ; Wtr, ciliated funnels which lead

into the coiled tubes.

Lrate kidney is composed do not open directly to

the exterior, as do the segmental organs of

Annelids, but there is present on each side of

the body a duct, the kidney duct, which receives

the tubules of its own side and opens posteriorly

into the cloaca. They also possess an important

structure peculiar to the kidney of the Vertebrata

known as the "
Malpighian body," which consists

of a capsular widening of the lumen of each
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tubule, into which projects a coil of arterial blood vessels known as

the gloinerulus (fig. 72).

Very generally the outer body
surface is the seat of special secre-

tions which frequently play an impor-
tant part in the economy of the

animal, and are used especially as a

means of protection and defence. The

same is true also of the secretions of

the accessory glands opening into the

anterior or posterior end of the ali-

mentary canal (salivary glands, poison

glands, anal glands) (fig. 73).

To the class of cutaneous glands

belong, in the first place, the sweat-

glands and the sebaceous glands of

Mammalia. The fluid secretion of the

former, on account of the ease with

which it is evaporated, is of special use

in keeping the body cool, while that

of the latter keeps the integument and

FIG. 71. Diagrammatic represen-
tation of the kidney (segmental

organs) of a dog-fish embryo (after

C. Semper). Wtr, ciliated funnels
;

Ug, kidney duct.

7>

its special coveringsoft and supple.

The coccygeal glands of water-

birds are derived from an aggre-

gation of sebaceous glands ;
their

secretion by keeping the feathers

oiled preserves them from becom-

ing saturated with water during

swimming.
The unicellular and rnulticell-

ular integumentary glands, which

are found so widely present in

Insects, belong, for the most part, to the category of oil and fat

glands. Aggregations of cells whose function is to secrete calcareous

matters and pigment are especially widely present in the integu-

ment of the Mollusca, and serve for the building up of the beautifully

FIG. 72. Ciliated funnel and Maliughian
body from, the anterior part of the kidney
of Proteus (after Spengel). Nr, kidney
tubule; Tr, ciliated funnel; Mk, Malpig-
hian body.
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coloured and variously shaped shells of these animals. Integumen-

tary glands and aggregations of glands may also acquire a relation

to the acquisition of food (spinning gland*

of Spiders). Finally, mucous glands are

very widely present in the skin of animals

which live in damp localities (Amphibia,

Snails) and in water (Fishes, Annelids.

Medusae).

ORGANS OF ANIMAL LIFE.

Of the so-called animal functions, that

of locomotion is the most conspicuous.

Animals perform movements for the

purpose of procuring food and escaping

from their enemies. The muscles used

for locomotion are, as a rule, and especially

in the simpler forms, intimately united

with the skin, and give rise to a muscular

body wall (Worms), the alternate shorten-

ing and elongation of which brings about

a movement of the body. The muscles

mav also be especially concentrated in

parts of the body wall, e.g., in the subuni-

brellar surface of Medusze beneath the

supporting gelatinous tissue, or in the

ventral surface of the body giving rise

to a foot-like organ (Molluscs), or they may be broken up into

a series of successive and similar segments (Annelids, Arthropods,

Vertebrates). The latter arrangement prepares the way for the

rapid and more complete form of movement found in animals in

which the hard parts also, whether exoskeletal (Arthropods) or

endoskeletal (Vertebrata), have become divided into a series of

longitudinally arranged segments or rings, which offer a firm attach-

ment to and are moved by the segments of the muscular system.

By this arrangement more powerful muscular actions are rendered

possible.

Thus it becomes indispensable that hard parts should be developed

to act as a skeletal support for the soft parts, and also to protect them.

The skeletal structures may be external, in which case they have the

form either of external shells, tubes or successive rings, and are

Ad/

FIG. 73. Alimentary canal with

its accessory glands of a beetle

(Carabus) (after Leon Dufour).
Oe, oesophagus ; Jn, crop ; PC,

proventriculus ; Ckd, chylific

ventricle
; 3/9, Malpighian tu-

bules
; S, rectum

; Ad, anal

glands with bladder.
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usually products of the external skin (chit in), or they ruay be

internal (cartilage, bone) and give rise to vertebrae
(fig. 74 a, b). In

either case the body becomes divided at right angles to its long axis

into a series of segments, which, in the simpler cases of locomotion,

are honionomous (Annelids, Myriapods, Snakes). As development

progresses some of the muscles required for locomotion gradually lose

their relation to the lo.jg axis of the body, and acquire a relation to

secondary axes ; and in this way conditions are acquired for the

accomplishment of more difficult and complete forms of locomotion.

The hard parts in the long axis of the body then looe their primitive

FIB. 74 a Diagram ot the vertebra!

column of aTeleostean fish with verte-

bral constriction of the notochord.

Ch, notochord
; If/-, bony vertebral

bodies
; J, membranous mtervertebral

section.

FIG. 71 b Vertebra of a fish. K, ver-

tebral body. Ob, neural arch (neura-

pophysis) ; Ub, ha?mal arch (ha?mapo-

physis) ; D. neural spine; D', haemal

spine ; B, rib.

uniform, segmentation and partially fuse with one another to form

several successive regions, the parts of which are capable of a greater
or less amount of movement upon one another (head, neck, thorax,
lumbar region, etc.) In this case, however, the parts of the skeleton

of the chief axis are usually less movable upon one another, while, on

the contrary, a much more perfect locomotion is effected by the

extensive movements of the paired extremities or limbs. The limbs

likewise possess a solid skeleton, to which the muscles are attached,
and which is usually elongated and may be external or internal,

und is attached more or less closely to the axial skeleton.

The most essential property of animals is that of sensation. This
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property, like that of movement, resides in definite tissues and organs
which constitute the nervous system. For those cases in which a

nervous system has not separated from the common contractile basis

(sarcode) or from the uniform cell parenchyma of the body, we may
suppose that the organism possesses the first beginnings of an

irritability serving for perception. This, however, can scarcely be

called sensation, for sensation pre-supposes the presence of conscious-

ness of the unity of the body, and this we can scarcely attribute to

the simplest animals without a nervous system.
The appearance of muscles is coincident with that of the nervous

tissues, which are developed in connection with the sense epithe-
lium of the surface (Polyps, Medusae, Echinoderms). In such cases

the nerve fibres and ganglion cells

which all lie mingled together keep
their ectodermal position and their

connection with the sense epithe-

lium. The view that the first diffe-

rentiation of the nervous and mus-

cular tissues is to be sought in the

so-called neuromuscular cells of the

fresh-water polyps and Medusae has

been shown by later researches to

be untenable.

The arrangements of the nervous

system can be traced back to three

distinct types (1) the radial ar-

rangement found in the radiate

animals ; (2) the bilateral arrange-
ment found in segmented Worms, Arthropods, and Molluscs; (3)

the bilateral arrangement of the Yertebrata. In the first case the

central organs are radially repeated ;
in the Echinoderms as the so-

called ambulacral brains or nerves, which are found in the arms and

are connected together by a circumoral nervous commissure contain-

ing ganglion cells
(fig. 75).

In the second type the nervous system, in the simplest cases,

consists of an unpaired or paired ganglionic mass placed in the

anterior part of the body above the pharynx, and known as the

supra-cesophageal ganglion or brain. From this centre radiate in

the simplest cases (Turbellaria) nerves which have a bilaterally sym-
metrical distribution, and of which two are larger than the others,

and take a lateral course (fig. 70).

FIG. 75. Diagram of the nervous sys-
tem of a star-fish. N, nerve ring
which connects together the five am-
bulacral centres.
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At a higher stage of development a circum-pharyngeal nerve ring

is developed. With the commencing segmentation of the body the

number of ganglia increases, and in addition to the brain there is

present a ventral nervous system consisting either of ventral cord

FIG. 76. Alimentary canal and
nervous system of Mesosto-

mum Ehrenbergi (after Graff).

G, the paired cerebral ganglia
with two eye-spots; St. one
of the two main lateral nerves

;

Z>,alimentary canalwith mouth
ami pharynx.

fi
1

C"

\

FIG. 77. Nervous system of FIG. 78. Nervous system
the larva of Coccinella

(after Ed. Brandt). G, su-

pra-03sophageal ganglion
or brain; Gfr, frontal

ganglion ; Sg, subreso-

phageal ganglion ; &',-&",

the eleven ganglia of the

yentral chain of thorax

and abdomen.

of adult Coccinella (after

Ed. Brandt). Ag, optic

ganglion. The other let-

ters as in fig. 77.

(Gephyrea) or of a ventral chain of ganglia, which may have a

homonomous (Annelids) or heteronomous (Arthropods) arrangement

(figs. 77 and 78). The concentration of the nervous system begun
f
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in the latter case may, by the fusion of the brain and ventral cord,

be carried to a still further extent, so that in many cases (numerous

Arthropods) only a sub-oesophageal ganglion is present. In Molluscs,

animals in which segments are not de-

veloped, the subcesophageal ganglion is

represented by the pedal ganglion, and

there is in addition a third pair of ganglia

constituting the visceral ganglia (fig. 55).

In Vertebrates, the nervous centres are

arranged as a cord, lying on the dorsal

side of the skeletal axis, and known as

the spinal cord, the segmentation of which

is indicated by the regular repetition of the

spinal nerves.

This cord, which is traversed by a

central canal, is anteriorly widened and

(except in Amphioxus) differentiated into

a complicated ganglionic apparatus, the

brain (fig. 79).

The so-called sympathetic or visceral

nervous system appears in the higher

animals (Vertebrata, Arthropoda, Hiru-

dinea, etc.) as a comparatively indepen-

dent part of the nervous system. It

consists of ganglia and plexuses of nerves

which stand in connection with the

central nervous system, but are not under

the direct control of the will of the

animal. It innervates the organs of

digestion, circulation, respiration, and

generation, and it can carry on its

functions for a longer or shorter time

after destruction of the sensory and motor

centres. In the Yertebrata (fig. 80),

the system of visceral nerves consists of a

double chain of ganglia, placed on each

side of the vertebral column and con-

nected with the spinal nerves and the

spinal-like cranial nerves, by connecting branches, the rami

communicantes. The ganglia correspond in number with the above-

mentioned spinal and cranial nerves, and they send nerves to the

FIG. 79. Bra'.n and spinal oord

uf a pigeon. //, cerebral

hemispheres ; Cb, optic lobes ;

C, cerebellum; Mo, medulla

oblongata. Sp, spinal nerves.
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blood vessels and visc:r.i, which there form a complicated network

of nervous fibres

containing here and

there ganglion cells.

The nervous sys-

tem possesses further

peripheral apparatus,

the sense organs, the

function of which is

to bring about the

perception of certain

conditions of the

outer world as im-

pressions of a definite

mode of sensation

(specifia energy of

nerves* Joh. Miiller).

These peripheral

organs usually have

the form of peculiarly

arranged aggrega-
tions of hair-shaped

or rod-shaped nerve

terminations (hair-

cells, rod-cells of sen-

sory epithelium) con-

nected by fibrillffi

with ganglion cells,

through which under

the action of external

influences a move-

ment of the nervous

substance is set up,

which travels to the

central organ and

there affects con-

* In opposition to the

differences in the quali-
ties of the sensations

produced by each indi-

vidual sense organ
(colour, tone).

FIG. 80. Nervous system of the frog (after Ecker). Ol
t

olfactory nerves ; O, eye ; Op, optic nerve ; Iy. Gn.-serinn

ganglion ; Xg, ganglion of vagus ; Spn 1, first spinal nerve ;

Br, brachial nerve ; Sgl-10, the ten ganglia of the sym-

pathetic system. Js, ischial nerve.



84 ORGANIZATION AND DEVELOPMENT OF ANIMALS IN GENERAL.

sciousness as a specific sensation. To these end-cells there are often

added cuticular structures, whose function is to communicate the

external movement to the nervous substance (retinal rods).

The special sensations have quite gradually been developed from

the general sensations (comfort, discomfort, pleasure, pain), i.e.,

nerves of special sense have been derived from sensory nerves which

have acquired a special form of peripheral termination, and so

become accessible to a special stimulus with which the special

sensation is always associated. But it is not till a higher stage of

development is reached that the sense-perceptions can be compared

according to the nature of the sensations with those of our o\vn body.
We can estimate the sense energies of the lower animals exceedingly

vaguely, and only by the

insufficient method of com-

paring them with our own
sensations

;
and it is certain

that among the lower ani-

mals there are many forms

of sensation of which we,
in consequence of the spe-

cialised nature of our own

senses, can have no concep-

tion.

Probably of all the

senses, that of touch is the

most widely distributed,

and with this we certainly

often see a number of

special sensations united.

It is generally distributed

over the whole surface of the body ; frequently, however, it is con-

centrated on processes and appendages of it. Probably the tentacular

appendages of the Coelenterata and Echinodermata have this signifi-

cance. In the Bilateralia with a differentiated head there are

contractile or stiff segmented processes on the head, the antennce or

feelers which in the worms are repeated as paired cirri on every

segment of the body. It is often possible to trace special nerves

to the skin and to find touch organs containing their endings. In

the Arthropoda the ganglionic end-swelling of a tactile nerve usually

lies beneath a cuticular appendage, such as a bristle, which transmits

the mechanical pressure on its point to the nerve (fig. 81).

FIG. 81. Nerves with ganglion cells (G) beneath a

tactile bristle (TV) from the skin of Corethra larva.
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In the Primates amongst the Mammalia there are present papilla;

in the skin (especially on the volar surface) in which the structures

known as touch-bodies, containing the termination of tactile nerves,

are placed (fig. 82).

In addition to the general sensibility and the tactile sensations,

the higher animals possess, as a special form of sensibility, the

capacity of distinguishing different temperatures.

The sensations of sound are produced through an organ, the

auditory organ, which is, in a certain measure, a special modification

of a tactile organ. The auditory organ in its simplest form appears

as a closed vesicle filled with fluid (endolympfi) and one or more

calcareous concretions (otoliths) ;
and containing in its walls rod or

hair cells in which the nerve fibrillse end (fig. 83). Sometimes the

vesicle lies on a ganglion of the central ner-

vous system (Worms), sometimes at the end

of a shorter or longer nerve, the auditory

nerve (Molluscs, Decapoda). In many aqua-

tic animals the vesicle may be open and its

contents communicate directly with the exter-

nal medium, in which case the otoliths may
be represented by small particles such as sand-

grains which have entered it from the exterior

(Decapod Crustaceans). In Molluscs a deli-

cate sensory epithelium (macula acustica, fig.

83 Cz, Hz.\ marks the percipient portion of

the inner wall of the vesicle; while in Crus- FlG - 82. -Tactile papi'.u
from the volar surface

tacea the fibres or the auditory nerve end in with the touch corpuscle

cuticular rods or hairs which project from the and its nerve -v-

wall of the vesicle, and, like the olfactory hairs of the antennae,

bring about the nervous excitations. In the Vertebrata not only
does the auditory vesicle obtain a more complicated form (mem-
branous labyrinth), but there are also added to it apparatuses for

conducting and magnifying the sound (fig. 84). The tympanum of

Acrideidse and LocusticUe, which is generally looked upon as an

auditory organ, is built upon quite a different type, since here,

instead of a vesicle filled with fluid, air cavities serve for the action

of the sound waves on the nerve-endings.

The visual organs or eyes
*

are, after the tactile organs, the

most widely distributed, and indeed are found in all possible stages

* Cf. E. Leuckart,
"
Organologie des Augcs," Graefe and Samisch, Hand*

buck der Ophtlialmologie, Bd. II.
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of perfection. In the simplest cases they are known as eye-spots, and

consist of irritable protoplasm, i.e., nervous substance, containing pig-

ment granules ;
and in this form they are perhaps scarcely capable

of distinguishing light from darkness, but are only susceptible to the

warm rays. It is hardly possible to conceive that pigment is indis-

pensable for the sensation of light, because there are many eyes of

complicated structure from which pigment may be altogether absent.

The view, however, according to which the pigment itself is sensitive

to light, i.e., is chemically changed by the light waves and transmits

the excitation produced by these movements to the protoplasm or

Cz

FIG. 83 Auditory vesicle of a Heteropod (Pterotrachea). N, acoustic nerve ; Of, otolith

tfce fluid of the vesicle ; Wz, ciliated cells on the inner wall of the vesicle ; Ih, auditory
cells

; Cz, central cell.

the adjacent nervous substance cannot in itself be contradicted, but

it is by no means clear that such changes are produced by the light

rays as opposed to the heat rays. Of greater importance in this

relation appears the special nature of the nerve endings, through
which certain movements, progressing in regular waves, the so-called

ether waves, are transmitted to the nerve fibres and give rise to a

stimulus which travels to the central organ and is by it perceived
as light. In all oases in which in the lower animals specific nerve

endings cannot be made out, we have probably only to do with a

forerui ner of the eye, consisting merely of the pigmented termina-
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(

tion of a cutaneous nerve which is sensitive only to gradations of

temperature. Although the sensation of light is the function of the

nerve centre, the rods and cones at the end of the optic nerve

fibres are the elements which convert the external movement of the

ether waves into an excitation of the optic nerve fibres adequate

for the production of the sensation of light.

For the perception of an image refractile apparatuses in front of

the terminal expansion of the optic nerve (retina) are necessary;

and further, the elements of the latter must be sufficiently isolated

to admit of the stimuli set up in them being carried as separate

movements to the nerve centre. Instead of a general sensation of

light a complex sensation made up of many separate perceptions is

produced, which corre-

spond in position and I

quality with the parts of

the exciting source. For

the refraction of the light

convex and often lens-

shaped thickenings of

the body covering (cor-

nea, corneal lens)

through which the rays

pass into the eye, are

developed ;
refractile

bodies are also found

behind the cornea (lens,

crystalline cone). The

rays diverging from

tlie various parts of

the source of the

light are, by means of the refractile media, collected and brought
to corresponding foci on the retina or peripheral expansion of the

optic nerve, which consists of the rod-shaped ends of the nerve fibres

and some more or less complicated ganglionic structures. Lately, in

consequence of the discovery of the visual purple
* in the outer

segments of the rods, it has been attempted to reduce the excitation

of the end apparatus of the optic nerve to a photo-chemical process

taking place in the retina. The fact that the diffuse pigment

(visual purple) of the outer segments of the rods is bleached by the

* In addition to the older works of Krohn, H. Miiller, M. Schultze, cf. Boll

Sitzungsberichte der Akad. Berlin, 1876 and 1877, also E \vald and Klilvne.

FIG. 84. Diagram of the auditory labyrinth. I. of a

fish. II. of a bird. HI. of a mammal (after Wal-

deyer). V, utricle with the three semicircular canals ;

S, saccule ; US, alveus communis ; C, cochlea ; L, la-

gena; R, aqueductus vestibuli; Or, canalis reuniens.
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action of light is of the highest interest, but it cannot be taken as

proving a direct participation of the visual purple in the visual

process, inasmuch as the visual purple is not present in those parts

of the eye in which alone a distinct image is formed, viz., the macula

lutea and, generally, the outer segments of the cones.

The pigment of the eye seems to be of importance for absorbing
the superfluous rays of light which would be injurious to the per-

ception of an image. It is distributed partly immediately outside

the retina, forming the choroid coat of the eye, which extends also

inwards between the individual retinal elements
; and partly in front

of the lens, giving rise to a transversely placed curtain, the iris

which is pierced by
an opening, thepivpil,

capable of contrac-

ting and dilating. In

the higher grades of

development the

whole eye is, as a

rule, enclosed in a

hard, connective tis-

sue coat, the sclerotic,

and thus marked oft'

as an eye bulb.

The arrangements

by which the shining

points of an object

act in regular ar-
Fio 85. Diagrammatic representation of the compound eye

of aLibellula. C, cornea; K, crystalline cone ; P, pigment ;

S, nerve rods of retina ; Fb, layer of fibres : Gz, layer of

ganglion cells
; Rf, retinal fibres ; Fk, crossing of fibres.

regular

rangement on corre-

sponding points of the

optic nerve and so render possible the perception of an image vary,

and are closely dependent upon the whole structure of the eye.

Leaving out of consideration the simplest eyes, such as we find in

Worms and the lower Crustacea, two types of eye are to be distin-

guished.
*

1. The first form occurs in the so-called facetted eyes* (figs. 85 &

86) of Arthropods (Crustacea and Insects). The retina of such eyes

has a hemispherical form, the convex surface being directed out-

wards, and consists of large compound nerve rods, the retinulaj

* See Joh. Miiller, "Zur vergleichenden Physiologic dcs Gesiehtssinnes,"

Leipzig, 1826. H. Grenacher,
"

L'ntersuchuugen iiber das Sehorgan dcr Arthro

poden," Gottingcn, 1879.
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following

-P-

'-J?.

(figs.
85 & 86 Rf ( E], which are separated from one another by

pigment sheaths. In front of these rods are placed the strongly

refractile crystalline cones (k), and in front of these again the lens-

shaped corneal facets (C <L- F).

The eye is enclosed by a firm chitinous layer, which

the sheath of the entering optic nerve, surrounds

its soft parts and reaches as far as the cornea.

That part of the eye which is known as optic

nerve corresponds in a great measure to the retina

itself, and contains a layer of ganglion cells and of

nerve fibres.

A reversed and reduced picture of the object

is thrown behind each convex corneal facet (lying-

far from the sensitive layer of nervous rods), and

only the perpendicular rays can be perceived since

all the others are absorbed by the pigment. Ac-

cordingly the light impressions caused by these

axial rays, whose number corresponds with the

separate nerve rods, form a mosaic on the retina

which repeats the arrangement of the parts of the

external object emitting light. The picture which

is here formed lacks, however, brilliancy and dis-

tinctness.

2. The second form of eye, which is widely distri-

buted in the animal kingdom (the single eye,

Annelids, Insects, Arachuida, Molluscs, Verte-

brates) corresponds to a globular camera obscura

with collecting lenses (cornea, lens) on its exposed
anterior wall on which the light falls and usually

with additional dioptric media filling the optic

chamber (vitreous humour.) The simple eye of

Insects teems to have originated from the simple

metamorphosis of part of the integument, beneath

which are placed the end organs of the optic nerve

(fig. 87). The cuticular covering (CL) projects as a

lens-shaped thickening into the subjacent layer of

transparent, elongated, hypodermis cells (Gfy,
within which are placed elongated rod-like nerve-

cells with refractile cuticular portions, closely aggregated to form a

retina
(fig. 87 Rz). The hypodermis cells surrounding the edge of

the lens are filled with pigment, and form an iris-like dark ring

FIG. SO. Three fa-

cets with retinuloe

from the com-

pound eye of a

cockchafer (aflcr

Grenadier) . The

pigment has been
dissolved away
from two of them.

F, corneal facet

-", crystalline

cone. P, pigment
sheath. P'. chief

pigment cells. P",

pigment cells of

the second order.

R, retiuulse.
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through the opening in which the rays of light enter the eye to fall

on the terminal segments of the retinal cells (tig. 87).

In the more highly developed forms of this type of eye, especially

in the Vertebrate eye, the peripheral portion of the optic nerve

spreads out so as to form a cup-shaped nervous membrane, the retina,

placed immediately behind the refractile media and surrounded by a

vascular pigmented membrane, the choroid. The choroid, again, is

surrounded by a tough supporting membrane composed of fibrous

connective tissue, and known as the sclerotic, which is continued over

the anterior part of the eye, i.e., that part through which the light

passes, as a thinner transparent membrane. Of the refractile media

which are placed behind the cornea and fill the cavity of the optic

bulb, viz., the aque-
ous humour, the lens

(fig. 88 L), the vitre-

ous humour (Gl), the

lens is the most

powerful. Grasped

by the thickened

muscular anterior-

part of the choroid

(the ciliary body (Cc)

and ciliary processes),

the peripheral part

of its anterior face is

covered by a forward

continuation of the

choroid, the iris (Jr),

which, as a ring-likr

contractile border,
forms a kind of diaphragm perforated by a central contractile opening,

the pupil, through which the light enters the eye (fig. 88). The

reversed image which is formed in the hinder part of the Vertebrate'

eye on the cup -shaped retina has a very considerable brilliancy and

definition.

The eye^ of many Cephalopods may be looked upon as a modifica-

tion of this type of eye. In the eye of Nautilus the lens is absent,

St

FIG. 87. Traasvjrse section through the simple eye of a

beetle larv i
(. 'artly after Grenacher). CL, corneal lens ;

Gk, the subjacent hypodermis cells, the vitreous humour
of Authors

;
P

, pigment in the peripheral cells of the lat-

ter
; fie, r.tinal cells. St, cuticular rods of the latter.

and the liirht enters through a small opening. In this case a

reversed, but not brilliant, image is formed on the retina placed on

the hinder wall of the eye.

To enable the eye to see clearly objects in different directions and
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amongst

at different distances, special apparatuses for its movement and

accommodation are necessary. They are represented by muscles which

can in the former case move the optic bulb and modify the direction

of sight in obedience to the will of the animal, and in the latter act

upon the rafractile media, and vary their relation to the retina. In

many compound eyes (Decapod Crustacea) that part of the head on

which the eye is placed is prolonged so as to give rise to a movable

stalk-like process, which bears the eye at its extremity. The eyes of

Vertebrata possess in addition special protective arrangements, e.g.,

eyelids, lacrymal glands.

The position and number of the eyes present very great variations

the lower animals,

paired arrangement onThe

the head appears to be the

general rule among the higher
animals ; nevertheless visual

organs sometimes occur on

parts of the body far removed

from the brain, as for instance,

in Euphausia, Pecten, Spondy-

lus, and certain Annelids

(Sabellidre). In the Radiata

the eyes are repeated at the

periphery of the body in each

radius. In the star fishes

they lie at the extreme end

of the ambulacra! furrow at

the tip of the arms, in the

Acaleplue as the marginal
bodies on the edge of the

umbrella.

The sense of smell appears to be less widely distributed. Its func-

tion is to test the quality of gaseous matters anJ. to produce in

consciousness the special form of sensation known as " Smell." Thi^-

sense in aquatic animals which breathe through gills cannot be sharply
marked off from that of taste. The small pits, standing in connec-

tion with nerves and provided with an epithelial lining of hair-bearing
sense cells, are to be looked upon as the simplest form of olfactory

organ (Medusa?, Heteropoda, Cephalopoda). Nevertheless scattered

hair cells (Lnmellibranchiata) may also have to do with the same

sensation. In the Arthropoda the cuticular appendages of the

Sc

FIG. 88. Transverse section through the human
eye (after Arlt). C, cornea ; L, lens ; Jr, iris

with pupil ; Cc, ciliary body ; Gl, vitreous

humour; K, retina
;
Sc sclerotic; Ch, choroid.

Ml, macula lutea; Po, papilla optica; A'o,

optic nerve.
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antennae in which the gangliated swollen extremities of nerves occur

are to be explained as olfactory fibres. In the Vertebrata the

olfactory organ usually has the form of a paired pit or cavity placed

on the under surface of the head (nasal cavity), on the walls of which

the ends of the olfactory nerve are distributed. The higher air-

breathing Vertebrata are distinguished by the fact that in them this

cavity communicates with the pharynx, and by the great surface

extension (in a confined area) of the much-folded olfactory mucous

membrane. The fibres of the olfactory nerve terminate in delicate

elongated cells, bearing
rods or hairs and placed

between the epithelial cells

of this mucous membrane.

The special sense of taste

is confined to the raouth

and pharynx. Its function,

from what we know of the

higher organisms, is to test

the quality of fluid sub-

stances, and to bring about

the special sensation of

taste. The presence of this

sense can be demonstrated

with certainty in the Ver-

tebrata, and it is connected

with the distribution of a

special nerve of taste, the

glossopharyngeal, which in

man supplies the tip, edges,

Sz

FIG. 89. a Transverse section through a cii-cum-

vallate papilla of a calf (after Th. W.Engelmann).
N, nerve; Gk, taste buds in the side-wall of the

papilla, PC. b, isolated taste bud from the lateral

taste organs of a rabbit, c, isolated supporting
cells (Dz) and sense cells (&) from the same.

and root of the tongue and

also parts of the soft palate,

making these parts capable

of the taste sensation.

The so-called taste-buds found in special papillae (papillae circum-

vallatse), with their central fibre-like cells, are explained as the

percipient organs of this sense (fig. 89 a, b, c). Taste is, as a rule,

connected with the tactile and temperature sensations of the buccal

cavity, and also with the olfactory sensations. Finally, special organs
of taste appear to be present also in the Molluscs and Arthropods as

a specific sensory epithelium at the entrance to the buccal cavity.

In the lower animals the taste and olfactory organs are still less
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clearly distinguishable than in the higher, and there are numerous

senses of an intermediate character for the purpose of testing the

surrounding medium.

The sense-organs of the lateral line of Fishes and Salamanders, and

the organs resembling taste-buds of the Hirudinea and Chsetopoda

have been described as organs of a sixth sense. They probably bring

about certain sensations referring to the quality of the water.

PSYCHICAL LIFE* AND INSTINCT.

The higher animals are not only rendered conscious of the unity

of their organization by their feelings of comfort and discomfort,

pleasure and pain, but also possess the power of retaining residua

of the impressions of the outer world conveyed through the senses,

and of combining them with simultaneously perceived conditions of

their bodily state. In what manner the irritability of the lower pro-

toplasmic organisms leads by gradual transitions and intermediate

steps to the first affection of sensation and consciousness is as

completely hidden from us as are the nature and essence of the

psychical processes which we know are dependent on the movement

of matter.

We are, however, justified in supposing that a nervous system

is indispensable for the development of these internal conditions

which may be compared with that condition of our own organization

called consciousness. Again, as animals have sense-organs capable

of receiving impressions of definite quality from external causes,

together with a capacity for retaining in their memory residua of

their perceptions, and the power of connecting them with present and

with the recollection of past states of bodily sensation so as to form

judgments and conclusions, they possess all the conditions essential

for the operation of the intelligence; and, as a matter of fact, they

do manifest in an elementary form nearly all the phenomena which

distinguish human intelligence.

The actions of animals are not only voluntary, the result of experi-

ence and intellectual activity, but are also largely determined by

internal impulses which work independently of consciousness, and

cause numerous, often very complicated, actions useful to the organism.

Such impulses tending to the preservation of the individual and the

* W. Wundt,
"
Vorlesungen iiber die Mcnschen und Thierseele." 2 Bde.

Leipzig, 1863. W. Wundt,
"
Grundziige der physiologischen Psychologic,"

Leipzig, 1874.
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species are called instincts;* and they are usually regarded as a

special property of the lower animals, and contrasted with, the
conscious reason of Man. But just as the latter must be looked

upon as a higher form of the understanding and intellect, and not
as something essentially distinct from them, so a closer examination
shows that instinct and the conscious understanding do not stand in

absolute contrast, but rather in a complex relation, and cannot be

sharply marked off from one another. For if, according to the

general view, we recognise the essence of instinct in the unconscious
and the innate, still we find that actions which were at first performed
under the direction of conscious intelligence become, by constant

practice, completely instinctive and are performed unconsciously;
and that, in accordance with the theory of descent, which the whole
connection of natural phenomena renders so probable, instincts have
been developed from small beginnings, and have only been able to

reach the high and complicated forms which we admire in many of

the more highly organised animals (Hymenoptera), when assisted

by a certain amount, however small, of intellectual activity.
Instinct accordingly may be rightly defined as a mechanism which

works unconsciously, and is inherited with the organization, and

which, when set in motion by external or internal stimuli, leads to

the performance of appropriate actions, which apparently are directed

by a conscious purpose. We must not, however, forget that while
the intellectual activities are the direct means whereby higher and
more complicated instincts arise from simple ones, they themselves

depend upon mechanical processes. We may well suppose that the

simplest form of instinct is identical with the definite reaction of

living matter following a stimulus, or, in other words, with that

special form of molecular change which is caused by an external

action (as, for instance, the contraction of an Amoeba when brought
f

into contact with a foreign body).

By the theory of partly instinctive, partly intellectual processes,
we may explain the phenomena of association in societies so often

found among the higher animals,f i.e., the association of numerous

*
Compare H. S. Reimarius, "Allgemeine Betrachtungen liber die Triebe

der Thiere," Hamburg, 1773. P. Flourcus,
" De I'instinct at de 1'intelligence

des ariimaux," Paris, 1851.

The origin of the so-called animal stocks with incomplete or confined

individuality among the lower animals is quite different, and merely determined

by processes of growth ; at the same time the advantage for the preservation
of the species gained by the fusion is the same. Cf. the animal stocks of the

Vorticellidae, Polyps, and Siphonopliora, Bryozoa and Tunicata.
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individuals into communities the so-called animal-polities which

may be complicated by the division of labour (Bees, Wasps, Ants,

Termites).

In fact here the combined action appears to be mutually assisting

or mutually limiting, as we find in the so-called animal stock?,

the individuals of which are bound together by continuity of

body. The advantages to be gained by this mutual rendering of

service are not merely limited to the greater facilities for nourish-

ment and defence, and therefore for the preservation of the in-

dividual ; but, above all, tend to the maintenance of the offspring,

and hence to the preservation of the species. It is for this reason

that the simplest and commonest associations, from which the more

complicated communities, subdivided by partition of labour, are

derived, are generally communities of both sexes of the same

species.

REPRODUCTIVE ORGANS.

On account of the limit set to the duration of the life of every organ-

ism, it appears absolutely necessary for the preservation of the animal

and vegetable kingdoms that new life should originate. The forma-

tion of new organisms might be due to spontaneous generation

(yeneratio equivoca) ; and formerly this was supposed to take place,

not only in the simpler and lower organisms, but also in the more

complicated and higher. Aristotle thought that Frogs and Eels arose

spontaneously from slime ; and the appearance of maggots in putre-

fying meat was, till Redi's time, explained in the same manner.

With the progress of science the limits within which this supposition

could be applied became ever narrower, so that they soon came to

include only the Entozoa and small animals found in infusions.

Finally it has been shown by the researches of late years that these

organisms also must, for the most part, be withdrawn from the region

of the yeneratio equivoca ; so that at present, when the question of

spontaneous generation is discussed, it is only the lowest organisms,

those found in putrefying infusions, that are considered. The

greater number of investigators,* supported by the results of

* Cf. especially Pasteur,
" Memoire sur les corpuscules organises qui existent

dans 1'atmosphere
"
(Ann. des. Sc. Nat.), 1861 ; also "

Experiences relatives

amx generations dites spontanees
''

(Compt. rend, de 1'Acad. des Sciences,

tome 50).
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numerous experiments, have rejected, even for the latter animals,

the idea of spontaneous generation, which, however, still finds in

Pouchet* a prominent and zealous supporter.

Biogenesis, as opposed to abiogenesis, or spontaneous generation,

must be regarded as the usual and normal form of reproduction.

Fundamentally it is nothing else than a growth of the organism

beyond the sphere of its own individuality, and can be always reduced

to a separation of a part of the body, which develops into an indi-

vidual resembling the parent organism. Nevertheless the nature

and method of this process differ extraordinarily ; and various kinds

of reproduction can be distinguished, viz., fission, budding (spore-

formation}, sexual reproduction.^

Reproduction by fission, which, with that by budding and spore-

formation, is included under the term monogenous asexual reproduc-

tion, is found widely scattered in the lowest animals, and is also of

special importance for the reproduction of the cell. It consists

simply of a division of the organism, into two parts by means of a

constriction which gradually becomes deeper, and eventually leads to

the separation of the whole body of the organism into two individuals

of the same kind. If the division remains permanently incomplete,

and its products do not completely separate from each other, con-

pound colonies of animals arise. The number of individuals in such

colonies increases by a continuation of the process of incomplete and

often dichotomous division of the newly-formed individuals (Vorti-

cella, Polyp stocks). The division may take place in various direc-

tions longitudinal, transverse, or diagonal.

Budding differs from fission by a precedent disproportionate

and asymmetrical growth of the body, giving rise to a structure

not absolutely necessary to the parent organism which is developed

to a new individual, and by a process of constriction and division

becomes independent. If the buds remain permanently attached

to the parent, we have here also the conditions necessary for the

formation of a colony (Polyp colonies). Sometimes the budding

takes place at various parts of the outer surface of the body,

irregularly or obeying definite laws (Asciclians, Polyps) ;
sometimes

it is localised to a definite part of the body, separated off as a Germ-

stock (Salpa, stolo prolifer). The cell-layers distinguished as germinal

* Pouchet,
" Nouvelles experiences sur la generation spontanee et la resist-

ance vitale," Paris, 1864.

f Cf. R. Leuckart's article,
"
Zeugung

"
in E. Wagner's

" Hanclworterbuch

der Physiologic."
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layers are repeated in the commencing buds, and from them the

organs are differentiated.

The reproduction by spores is characterised by the production

within the organism of cells, which develop into new individuals in

situ or after leaving the organism. But this conception, of spores,

which is taken from the vegetable kingdom, can only be applied to

the Protozoa and coincides with endogenous cell-division. The cases

of so-called spore-formation amongst the Metazoa (germinal sacs of

Trematodes) are probably identical with egg formation, and are to be

reduced to a precocious maturation and spontaneous development of

ova (Parthenogenesis, Psedogenesis).

The digenous or sexual reproduction depends upon the production
of two kinds of germinal cells, the combined action of which is

necessary for the de-

velopment of a new or-

ganism. The one form of

germ cells contains the

material from which the

new individual arises, and

is known as the egy-cell,

or merely eyy (ovum).

The second form, the

sperm-cell (spermato-

zoon), contains the ferti-

lising material, semen or

sperm, which fuses with

Rs

the contents of the egg-
FIG. 90. Generative organs of a Heteropod (Pterotra-

chea) after R. Leuckart. a, Male-organs ; T, testis-

Vd, vas deferens. b, female organs ; Oo, ovary ;
E.l f

albumen gland; Rs, receptaculum seminis ; Va, va-

gi ua.

cell, and in a way which

is not understood gives

the impetus to the de-

velopment of the egg. The cell structures from which the eggs and

sperm arise are called sexual organs, for reasons which will be evi-

dent in the sequel ;
the eggs being produced in thefemale organ or

ovary, and the semen in the male organ or testis. The egg is the

female, and the semen the male product.

The structure of the sexual organs presents extraordinary diffe-

rences and numerous grades of progressive complication. In the

simplest cases, both products arise in the body wall, the cells of which

give rise at determined places to ova or spermatozoa (Coelenterata).

Sometimes they arise in the ectoderm (Hydroid-Medusze), sometimes

in the entoderm (Acalepha, Anthozoa). A similar arrangement
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obtains in the marine Polychseta, in which the ova and spermatozoa

are developed from the epithelium of the body-cavity (mesoderm), and

dehisced into the body cavity. Usually, however, special glands, the

ovaries and testes, are developed, which perform no other function

than that of secreting ova and spermatozoa (Echinoderms).

As a rule, however, there are found associated with the male and

female generative glands accessory structures and a more or less com-

plicated arrangement of ducts, whieh discharge definite functions in

connection with the development of the generative products subse-

quent to their separation from the glands, and ensure a suitable

meeting between the male and female elements (fig 90). The ovaries

are provided with ducts, the oviducts, which are not rarely derived

a

FIG. 91, a. The female organs of Pulex (after Stein). Ov, ovarian tubes ; Us, receptaculum

seminis ; V, vagina ; Gl, accessory gland, b, The male generative organs of a water-bag

(Nepa) (after Stein). T, testis ; Vd, vasa deferentia ; Gl, accessory glands ; D, ductus ejacu-

latorius.

from structures serving quite another purpose (segmental organs).

The oviducts, in their course, may receive
. glandular appendages of

various kinds which furnish yolk for the nourishment of the ovum,

or albumen to surround it, or material for the formation of a hard

egg-shell (chorion). These functions may be sometimes discharged

by the ovarian wall (Insects), so that the egg when it enters the

oviduct has taken up its accessory yolk and acquired its firm egg-

shell. Very often the ducts also discharge these various functions,

and are divided into corresponding regions ; they are often dilated

at part of their course to form a reservoir for the retention of tke
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eggs or of the developing embryos (uterus). Their terminal section

presents differentiations subserving fertilization (receptaculmn

seminis, vagina, copulatory pouch, external generative organs). The

efferent ducts of the testis, the vasa deferentia, likewise frequently

give rise to reservoirs (vesicular seminales) and receive glands (pros-

tate), the secretion of which mixes with the sperm fluid or surrounds

aggregations of the spermatozoa with a firm sheath (spermatophors).

The terminal section of the vas deferens becomes exceedingly

muscular, and gives rise to a ductus ejaculatorius, which, as a rule,

is accompanied by an external organ of copulation to facilitate the

conveyance of the semen into the female generative organs. The

generative organs present

either a radial (Coeienterata,

Echinodermata) or a bilate-

rally symmetrical arrangement

(fig. 91), a contrast which is

visible in the typical arrange-

ment of all the systems of

organs.

The simplest and most

primitive condition of the

generative organs is the her-

maphrodite. Ova and sper-

matozoa are produced in the

body of one and the same

individual, which thus unites

in itself all the conditions

necessary for the preservation

of the species, and alone

represents the species. Instances of hermaphroditism are found in

every group of the animal kingdom. But they are especially nume-
rous in the lower groups, and also in animals in which the movements
are slow (Land-snails, Flat-worms, Hirudinea, Oligochoeta), or which

live singly (Cestoda, Trematoda), or in attached animals which are

without power of changing their position (Cirripedia, Tunicata,

Bryozoa, Oysters). The hermaphrodite arrangement of the gene-
rative organs presents great variation, which, to a certain extent,
forms a gradual series tending towards the separation of the sexes.

In the simplest cases, the points of origin of the two kinds of

generative products lie close to one another, so that the spermatozoa
and ova meet directly in the parent body (Ctenophora, Chrysaora).

U

FIG. 92. Sexual organs of a Pteropod (Cymbulia)
(after Gegenbaur.) a, Zd, hermaphrodite gland
vith common duct

; Kg, receptaculum seminis ;

V, uterus, b, Acinus of the hermaphrodite gland
of the same. 0, ova ; S, spermatozoa.
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The elements of both sexes arise in layers of cells which have a definite

position beneath the entodermal lining of the gastro-yascular canals,

and can be traced back to growths of the ectoderm. At a higher

stage the ovaries and testes are united in one gland, the hermaphrodite

gland (Synapta, Pteropoda), provided with a single duct common to

the ova and spermatozoa (fig. 92), but which, as in Helix (fig. 93),

may partially separate into vas deferens and oviduct. In other CUM'.

the ovaries and testes appear as completely separated glands with

separate ducts, which may still open into a common cloaca (Cestoda,

Trernatocln, rhabdoccele

Turbellarians, fig. 94), or

may possess separate open-

ings (Hirudinea, fig. 95).

Two hermaphrodite in-

dividuals may, and this

appears to be the rule,

mutually fertilise each

other at the same time,

or cases may occur in such

hermaphrodites in which

self-fertilization is sufficient

for the production of oil-

spring. But this original

condition of self-fertiliza-

tion appears to be the ex-

ception in almost all

hermaphrodites. In those

animals in which the ovary

and testis are not com-

pletely separated from one

another cross-fertilization

is rendered necessary, and

self-fertilization prevented

by the fact that the male

and female elements are matured at different times (Snails* Salps).

From this form of complete hermaphroditism the generative organs

pass through a stage of incomplete hermaphroditism, in which,

though the organs of both sexes are present, one of them is rudi-

mentary, to reach the dioecious condition in which the sexes are

completely separated (Distonmmfitticolle
and hce-matobium). Animals

in which the sexes are distinct not unfrequently present traces of an

FIG. 93.- Sexual organs of the Roman Snail (Helix

pomatia). Zd, hermaphrodite gland ; Zff, its duct ;

Ed, albumen gland; Od, oviduct and seminal

groove ; Vd, vas deferens ; P, protrusible penis ;

Fl, fla^ellum ; R, receptaculum seminis ; D,

finger-shaped gland ; L. Spiculum amoris ; Go,

common genital opening.
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hermaphrodite arrangement ; such, for instance, as may be seen in

the arrangement of the generative ducts of the Vertebrata. In the

Amphibia both male and female generative ducts, which are secondarily

derived from the urinary ducts, are developed in each individual.

The oviduct (Miillerian duct) in the male atrophies, and is only repre-

sented by a small rudiment (fig. 966, M(j) ; while, on the contrary,

in the female, the vas defereus (Wolffian duct) is rudimentary, or,

as in Amphibia, functions as the efferent duct for the kidney secre-

tion (fig. 96a, hg).

With the separation of the male

and female gene-

rative organs in

different indivi-

duals the most

complete form of

sexual reproduc-

tion, so far as con-

cerns division of

labour, is reached ;

but at the same

time a progressing

dimorphism of the

male and female

individuals be-

comes apparent.

This is due to the

fact that the or-

ganization in bi-

sexual animals is

more and more

influenced by the

deviating func-

tions of the sexual

organs, and with the

complication of sexual life becomes modified for the performance
of special accessory functions connected with the production of ova

and spermatozoa.

In the first place, the modification of the generative ducts of the

two sexes in accordance with the function they have to perform
determines the development of secondary sexual characters and of

sexual dimorphism. Other organs as well as the generative appa-

Fio. 94. Grenei ative appara-
tus of a rhabdocoele Tur-

bellarian (Vortex viridis)

(after M. Schultze). T, tes-

tis
; Vd, vas deferens

; Vs,

seminal vesicle; P, pro-
trusible penis ; Oi; ovary ;

Va, vagina ; M, uterus ;

D, yolk gland ; Rs, recep-
taculum seminis.

Fiu. 95. Generative appa-
ratus of the medicinal

leech. T, teatis ; VA, vas

deferens; Nh, vesicula

seminalis
; Pr, prostate ;

C, penis ; Oo, ovaries

with vagina and female

generative opening.

increasing
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ratus present differences in the two sexes, being modified for the

FIG. 96a. L.t't urinary and generative or-

gans of a female Salamander without the
cloaca. Ov, ovary ; 2f, kidney ; fig, urin-

ary duct corresponding to the Wolflian

duct; Mg, iliiilcrian duct as oviduct.

FIG. 9C4, Left urinary and generative organs
of a male Salamander, more diagrammatic.
T, testis; i'e, vasa efferentia; N, kidney
with its collecting tubules ; My, Miille-
rian duct as a rudiment; Wg, Wolffian
duct or vas deferens ; SI, cloaca with ac-

cessory glands Dr, of the left side.

performance of special functions in the sexual life. The female is
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the passive agent in copulation, merely receiving the semen of the

mule ; the female possesses material from which the offspring

PIG. 97 1. Male of Aphis platanoides. c, ocelli ; llr, honey tubes ; P, copulatory organ.

develop, and accordingly takes care of the development of the

fertilised egg and of the later fate of the offspring. Hence

the female usually possesses a

less active body and numerous

arrangements for the protection

and nourishment of her offspring,

which develop either from eggs
laid by the mother and sometimes

carried about with her, or in the

maternal body and are born alive.

The function of the male is to

seek, to excite, and to hold the

female during copulation ; hence,

as a rule, he possesses greater

vigour and power of movement,

higher development of the senses,

various means of exciting sexual

feeling, such as brighter colour-

ing, louder and richer voice, pre-

honsile organs, and external organs for copulation (fig. 97, a, b).

In exceptional cases, the functions relating to the maintenance of

Rr

FIG. 97i, Apterous oviparous female of the

same.
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the offspring may be discharged by the male, e.g., Alytes and the

Lophobranchia. Male birds also often share with the female the

labour of building the nest, of bringing up and protecting the young.
But it is a rare exception to find, as in Cottus and the Stickleback

(Gasterosteus), that the care and protection of the young fall

exclusively upon the male, that he only bears the brood pouch and

alone builds the nest,- an exception which bears strong witness to

the fact that the sexual differences both in form and function were

first acquired by adaptation.

In extreme cases, the sexual dimorphism may lead to so great a

difference in the sexes that without a knowledge of their development

FIG. 98. Chondracanthus gibbosus, magnified about 6 times, a, female from the side, b,

female from the ventral surface with the male (F) attached, c, male isolated, under strong

magnification. An', anterior antenna ; An", clasping antennae ;
f and F", the two pairs

of feet ; A, eye ; Ov, egg sacs ; Oe, oesophagus ; D, intestine ; 21, mouth parts ; T, testis
;

Vd, vas deferens
; Sp, spermatophore.

and sexual relations, the one sex would be placed in a different family

and genus to the other. Such extremes are found in the Rotifera

and parasitic Copepoda (Chondracanthus, Lernseopoda, fig. 98, ,

b, c), and are to be explained as the result of a parasitic mode of life.

The difference in the two kinds of individuals representing and

maintaining the species, whose copulation and mutual action was

known long before it was possible to give a correct account of the

real nature of reproduction, has led to the designation "sexes," from

which the term sexual has been taken to apply to the organs and

manrer of reproduction.
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In reality sexual reproduction is nothing else than a special form

of growth. The ova and sperniatoblasts represent the two forms

of germinal cells which have become free, and which, after a mutual

interaction in the process of fertilization, develop into a new

organism. Nevertheless under certain conditions the egg can, like

the simple gerrn cell, undergo spontaneous development; numerous

instances of this mode of development, which is known as partheno-

genesis, are found in Insects. The necessity of fertilization therefore

FIG. 99. Viviparous form of Aphis platanoides. Oc, ocelli ; Hr, honey tubes.

no longer enters into our conception of the egg-cell, and no absolute

physiological test is left to enable us to distinguish it from the germ-

cell. It is usual to regard the place of origin in the sexual organ

and in thefemale body as a feature distinguishing the ovum from a

germ cell, but even with this morphological test we do not in each

individual case arrive at the desired result (Bees, Bark-lice, Psychidce).

We have already given prominence to the fact that ovaries and

testes, in the simplest cases, consist of nothing more than groups

of cells of the epithelium of the body cavity or of the outer skin.

These, however, do not acquire the character of sexual organs until,

at a higher stage of differentiation, the contrast between the two
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sexual elements has made its appearance. When the male elements,

and with them the necessity of fertilization, are absent, and when, at

the same time, the organ which produces the germ cells possesses, in

its full development, a structure similar to that of an ovary, it

becomes very difficult to distinguish whether we have to do with

a pseudovary (germ-gland), and with an animal which reproduces

asexually ; or with an ovary and a true female, whose eggs possess

the capacity of developing spontaneously. It is

only a comparison with the sexual form of the

animal which makes the distinction possible. To

take the case of the Plant-lice or Aphides; in

these animals we find a generation of viviparous

individuals, easily distinguishable from the true

oviparous females, which copulate and lay eggs.

They resemble the latter in the fact that they

are provided with a similar reproductive gland,

constructed upon the ovarian type ; but they differ

from them in this important peculiarity, that

they are without organs for copulation and ferti-

lization (in correspondence with the absence of

the male animal) (fig. 99). The reproductive cells

of the organs known as pseudovaries ha.ve an

origin precisely similar to that of eggs in the ova-

ries, and only differ from ova in the very early

commencement of the embryonic development.

The viviparous individuals will therefore be more

correctly regarded as ayamic females peculiarly

modified in the absence of organs for copulation

and fertilization ; and the reproductive cells aro

by no means to be relegated to the category of

germ-cells (as formerly was done by Steenstrup).

We must therefore speak of the reproductive pro-

cesses in the Aphides as being sexual and partheno-

genetic and not sexual and asexual. A comparison
of the mode of reproduction of the Bark-lice with

that of the Aphides, especially of the species Pem-

phigus terebinth!, puts the correctness of this

supposition beyond the sphere of doubt.

A similar condition is found in the viviparous larva of Cecidoinyia.

Here the rudiment of the generative glands very early assumes a

structure resembling that of the ovary, and produces a number of

FIG. 100. Vivipa-
rous Cecidomyia

(Miastor) larva

(after Al. Pagen-
stecher). Tl,

Daughter larva
developed from the

rudimentary
ovary.



DEVELOPMENT. 107

reproductive cells which resemble ova in their method of origin,

and at once develop into larvae. The pseudovary is clearly derived

from the rudiment of the sexual gland, but without ever reaching

complete development (fig. 100). The ovary acquires to a certain

extent the signification of an organ for producing germ-cells, and

it is not improbable that many products (fiedia, Sporocyst]

regarded as spores or germ-cells correspond to embryonic ovaries

which produce ova c-.pable of spontaneous development.

FIG. 101. Ovum of Nsphelis (after O. Hertwis). a, the ovum half-au-hour after deposition.
a projection of the protoplasm indicates the commencing f jrmation of the first polar body ;

the nuclear spindle is visible. 6, The same an hour later, with polar body extruded, and
after entrance of the spermatozoon. Sk, male pronucleus. c, The same another hour
later without egg membrane, and with two polar bodies and male pronucleus (Sir) ; d, the

same an hour later with approximated female and male pronucleij i'A', polar bodies.

DEVELOPMENT.

It follows from the facts of sexual reproduction that the simple

cell must be regarded as the starting-point for the development of

the organism. The contents of the ovum spontaneously or undei

the influence of fertilization enter upon a series of changes, the final

result of which is the rudiment of the body of the embryo. These

changes consist essentially in a process of cell division which implicates

the whole protoplasm of the ovum, and is known as segmentation.
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For a long time the behaviour of the germinal vesicle at the

commencement of segmentation and its relation to the nuclei of the

first formed segments were obscure, and the knowledge of the changes
and fate of the spermatozoa which enter the ovum in the process of

fertilization was, in like manner, in a very unsatisfactory state. Of
late years, numerous investigations, especially those of Biitschli,

O. Hertwig, Fol, etc., have thrown some light on these hitherto

completely obscure processes. It was supposed that in a ripe ovum

preparing itself for segmentation the germinal vesicle disappeared,

-Jni

FIQ. 102, a, 1. Parts of the ovum of Asterias glacialis with spermatozoa, embedded in

the mucilaginous coat (after H. Fol.) e, upper part of the ovum of Petromyzon (after

Calberla). Am, micropyle ; Sp, spermatozoa; Jm, path of the spermatozoon ; Ek, female

pronucleus ; Eh, membrane of ovum
; Ehz, prominences of the same.

and a new nucleus was formed quite independently of it
;
and that the

persistence and the participation of the germinal vesicle in the for-

mation of the nuclei of the first segmentation spheres were exceptional

(Siphonophora, Entoconcha, etc.) Thorough investigations carried

out on the eggs of numerous animals have, however, shown that as

a matter of fact the germinal vesicle of the ripe ovum only experi-

ences changes in which the greater part of it, together with some of
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the protoplasm of the ovum, is thrown out of the egg as the so-called

directive bodies or polar cells (fig. 101). The part of it, however,

which remains in the ovum retains its significance as a nucleus, and

is known as the female pronucleus. This fuses with the single

spermatozoon (male pronucleus) which has forced its way into the

ovum (fig. 102); and the compound structure so formed constitutes

the nucleus of the fertilized ovum, or as it is generally called, the

first segmentation nucleus.
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FIG. 103. Development of a Star-fish, Asteracanthion berylinus (after Alex. Agassiz). 1,

Commencing segmentation of the flattened egg at one pole are seen the polar bodies ; 2,

stage with two segments ; 3, with four ; 4, with eight ; 5, with thirty-two segments ; 6,

later stage ; 7, blastosphere with commencing invagination ; 8 and 9, more advanced

stages of invagination. The opening of the gastrula cavity becomes the anus.

This new nucleus, which divides to give rise to the nuclei of the

first segmentation spheres, would appear therefore to be the product

of the fusion or conjugation of the part of the germinal vesicle,

which remains behind in the ovum, with the male pronucleus, which

is a derivative of the spermatozoon which has entered the ovum.

Fertilization would appear, therefore, to depend upon the addition
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of a new element bringing about the regeneration of the primary
nucleus of the ovum or germinal vesicle, and would have impressed
its influence on the constitution of the conjugated nucleus. The

regenerated ovum is therefore the starting-point of the subsequent

generations of cells which build up the embryonic body.
Both the origin of the polar bodies which takes place in the ripe

ovum independently of fertilization, and the division of the segmen-
tation nucleus are accompanied by the appearance of the nuclear

spindle and star shaped figures at the poles of the spindle which are

so characteristic of the division of nuclei. The male pronucleus,
before it fuses with the female pronucleus, also becomes surrounded

by a layer of clear protoplasm, around which a star-shaped figure

appears (fig. 101). In those cases in which segmentation takes

place without a precedent fertilization (parthenogenesis], the female

pronucleus appears to possess within itself the properties of the first

segmentation nucleus.

The fertilization is followed by the process known as segmentation,
in which the ovum gradually divides into a greater and greater
number of smaller cells. Segmentation may le total, i.e., the whole

ovum segments (fig. 103), or it may be partial, in which case only a

portion segments (fig. 105).

Total segmentation may be regular and equal, the resulting seg-

ments being of equal size (fig. 103) ; or it may sooner or later become

irregular, the resulting segments being of two kinds the one smaller

and containing a preponderating amount of protoplasm, the other

larger and containing more fatty matter. In these cases the seg-

mentation is said to be unequal. The process of division proceeds
much more quickly in the smaller segments, while in the larger and

more fatty segments it is much slower, and may eventually come to

a complete standstill. The development of the frog's egg will serve

as an example of unequal segmentation, of which there are various

degrees (fig. 104). In this egg a dark pigmented and protoplasmic

portion can be distingv.'s'led from a lighter portion containing
much fatty matter or food yolk. The former is always turned

uppermost in the water, and is therefore called the upper pole of

the egg. The axis which connects the upper pole with the lower

is known as the chief axis. The planes of the two first segmentation
furrows pass through the chief axis and aie at right angles to each

other. They divide the egg into four equal parts. The third

furrow (fig. 104, 4) is equatorial, taking place in a horizontal plane,

and cutting the chief axis at right angles. It lies, however, nearer
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the upper pole than the lower, and mirks the line of division

between the upper and smaller portion of the egg from the lower

FIG. 104. Unequal segmentation of the Frog's tgg (after Eckeij in ten succe^ve stages.

and larger portion, in which the segmentation proceeds much more

slowly than in the former.

In partial segmentation we find a sharply marked contrast between

the formative and

nutritive parts of the

egg, inasmuch as the

latter does not seg-

ment. The terms

holoUastie and mz-

roblastiG therefore

have been applied to

total and partial seg-

mentation respec-

tively.

Nevertheless, in

total segmentation

also, either groups of

segments of a definite

quality, or, at any
rate, a fluid yolk
material may be Used FIG. 105. Segmentation of the germinal di&c of a Fc vd's egg,

for the nourishment ^face
view (after Koaiker)'. ^germinal disc with the

first vertical furrow
; B, the same with two vertical furrows

of the developing crossing one another at right angles ;
C and L>, more ad-

embryo. In fact, the
vanced stagos with 8ma11 ceutral sesmeuts -

contents of every egg consists of two parts (1) of a viscous albu-

minous protoplasm; and (2) of a fatty granular matter, the

deutoplasm, or food yolk. The first is derived from the protoplasm
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of the original germinal cell, while the yolk is only secondarily

developed with the gradual growth of the first ; and not unfrequently
it is derived from the secretion of special glands (yolk glands, Trema-

todes) ;
it may even be added in the form of cells.

In the Ctenophora and other Coelenterata we see already in the

first-formed segments the separation of the formative matter or

peripheral ectoplasm from the nutritive matter or central

endoplasm.
In eggs undergoing a partial segmentation the formative matter

usually lies on one side of the large unsegmenting food yolk. In

accordance with this, the segments of such eggs, known as telolecitfttil,

arrange themselves in the form of a flat disc (germinal disc) ;
hence

this kind of segmentation has been called discoidal (eggs of Aves,

Reptilia, Pisces) (fig. 105). The food yolk may, however, have a

central position. In such centrolecithal eggs the segmentation is

FIG. 106. Unequal segmentation of the centrolecithal egLT of Gammarus locusta (in part after

Ed. van Beneden). The central yolk mass does not appear till a late stage and undergoes
later an "

after-segmentation."

confined to the periphery, and is sometimes equal (Palsemon) and

sometimes unequal (fig. 106). The central yolk mass may at first

remain unsegmented, but later it may undergo a kind of after-

segmentation and break up into a number of cells (fig. 106). Again,

in other cases the food yolk, at the commencement of segmentation,

has a peripheral position, so that the cleavage process is at first

confined to the inner parts of the egg, and only in later stages, when

the food yolk has gradually shifted into the centre of the egg,

appears as a peripheral layer on the surface. This is found especially

in the eggs of Spiders (fig. 107). The first processes of segmentation

in these at first ectolecithal ova are withdrawn from observation,

since they take place in the centre of an egg covered by a superficial

layer of food yolk, until the nuclei with their protoplasmic invest
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uieiit reach the periphery, and the fatty and often clarkly-granulai

food yolk comes to constitute the central mass of the egg (Insects).

As various as the forms of segmentation are the methods by which

the segments are applied to the building up of the embryo. Fre-

quently in cases of equal segmentation the segments arrange them-

selves in the form of a one-layered vesicle, the blastosphere, the

central cavity of which not rarely contains fluid elements of the food

yolk ; or they are at once divided into two layers around a central

cavity containing fluid; or they form a solid mass of cells without

FIG. 107. Six stages in the segmentation of a spider's egg (Philodromus limbatus) after Hub

Ludwig. A, egg with two deutoplasmic rosette-like masses (segmentation spheres) ; i',

the rosette-like masses with their centrally placed nucleated protoplasm without egg

membrane ; C, egc
1 with a great number of rosette-like masses ; Z>, the rosette-like masses

have the form of polyhedral deutoplasmic columns, each of which has a cell of the blas-

toderm lying immediately superficial to it
; E, stage with blastoderm completely formed :

F, optical section through the same. The yolk columns form within the blastoderm a

closed investment to the central space.

any central cavity. In numerous cases, especially when the food

yolk is relatively abundant (unequal and partial segmentation) or the

food supply continuous, the embryonic development is longer and

more complicated. The embryonic rudiment in such cases has at

first the form of a disc of cells lying on the yolk ;
it soon divides into

two layers, and then grows round the yolk.
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The two-layered gastrula is, as a rule, developed from the blasto-

sphere by imagination (enibolic invagination). In this process the one

half (sometimes distinguished by the larger size and more granular

mture of its cells) of the cell wall of the blastosphere is pushed
in upon the other half (fig. 108), and on the narrowing of the

FIG. 103. A, Blastosphere of Ainphioxus ; B, invagination of the saint; C, gastrula, invagi-

nation completed ; O, blastopore (after B. Hatschek).

aperture of invagination (blastopore, mouth of gastrula) becomes the

endodermal layer (h^oUast) lining the gastrula cavity. The outer

layer of cells constitutes the ectoderm or epiblast. This mode of

formation of the gastrula, which is very common, is found, e.g., in

Ascidians, and amongst the Vertebrata in Amphioxus (fig. 108).

More rarely the gastrula arises by delamination. This process

consists of a concentric splitting of the cells of the blastosphere

into an outer layer (epiblast), and an inner (hypoblast) (fig. 109).

A

FIG. 109. Transverse sections through three stages in the segmentation of Geryonin (after

H. Fol.) A, stage with thirty-two segments, each segment is divided into an external

finely granular protoplasm (ectoplasm) and an inner clearer layer (endoplasm) ; B, later

Btage ; C, embryo after delamination; with ectoderm slightly separated from the endodenn,
which is composed of large cells surrounding the segmentation cavity.

Tue central cavity of the gastrula in this case is derived from the

original segmentation cavity, and the gastrula mouth is only

secondarily formed by perforation. This method of development
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of "the gastrula has hitherto only been observed in some hydroid

Medusa (Geryonia).

finally, when the inequality of the segmentation is very pro-

nounced, the gastrula is formed by a process known as epibole. In

this process of development the epiblast cells, which are early distin-

guishable from the much larger hypoblast cells, spread themselves

over the latter as a thin layer (fig. 110); and in this, as in the

second method of development of the gastrula, the cavity of the

gastrula is, as a rule, a secondary formation in ihe centre of the

closely-packed mass of hypoblast cells. The blastopore is usually

found at the point where the complete enclosure of the hypoblast

is effected.

It sometimes happens that a part of the primary blastosphere is

developed more rapidly than the remainder, and gives rise to a

FIG. 110. A, Unequal segmentation of the egg of Buuellia; B, epibolic gastrula of the

same (after Spengel).

bilaterally-symmetrical stripe-like thickening placed on the dorsal or

ventral surface of the embryo. Frequently, however, such a germinal
or primitive streak is not developed, and the rudiment of the embryo
continues to develop uniformly. Formerly great importance was

attached to these differences, the one being distinguished as an

ei'olutio ex una parte, and the other an evolutio ex omnibus partibiis

It is not, however, possible to draw a sharp line between these two

methods of development, nor have they the significance which was

formerly ascribed to them, for closely allied forms may present great
differences in this respect according to the amount of food yolk and

the duration of the embryonic development.
The Coelenterata, the Echinoderms, the lower Worms and Mol-

luscs, Annelids, and even Arthropods and Vertebrates (Amphioxus)

present us with examples of regular development of all parts of the
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body of the embryo which, if the yolk membrane fails, has no need

of a special protective envelope. In this latter group, however, the

formation of the germinal streak, which is in close relation with

the formation of the nervous system, is accomplished later, during
the post-embryonic development, when the larva is free-swimming
and can procure its own food. In like manner many Polycha?tes

and Arthropods (Branchipus) only acquire a germinal streak in

the course of their later growth as larvre.

In all cases in which the embryonic development begins by the

formation of a germinal streak, the embryo only becomes definitely

limited after the yolk has been gradually surrounded, as a result

of processes which are connected with the complete entry of the

yolk into the body cavity (Frogs, Insect*), or with the origin of a

yolk sac from which the yolk passes gradually into the body of the

embryo (Birds, Mammals). The progressive organization of this

latter, up to its exit from the egg membranes, presents in each

group such extraordinary variations that it is not possible to give

a general account of them.

Of primary importance is the fact that in the rudiment of the

germ two cell layers first make their appearance^ one the ectoderm,

which gives rise to the outer integument; and the other the endoderm,

from which arises the lining membrane of the digestive cavity and

of the glands opening into ib. Between these two layers there is

formed, either from the outer or the inner layer, or from both layers,

an intermediate layer, known as the mesoderm. From the mesoderm

arise the muscular system and the connective tissues, the corpuscles

of the lymph and blood, and the vascular system. The body cavity

may either be derived from the persisting segmentation cavity, i.e.,

the primitive space between the ectoderm and endoderm (primary

body cavity), or it may be developed secondarily as a split in the

mesoderm (ccelom), or as outgrowths from the rudiment of the

alimentary canal (archenteron), in which case it is known as an

enteroccele body cavity.

The nervous system and organs of sense are probably in all cases

derived from the ectoderm, very frequently as pit- or groove-like

invaginations which are subsequently constricted off. On the other

hand, the urinary and generative organs arise both from the outer

and inner layers as well as from the middle layer, which is itself

derived from one of the primary layers or from the walls of the

primary single -layered blastosphere.

Accordingly, as a rule the rudiments of the skin and glandular
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lining of the alimentary canal are the first differentiations in the

embryo ; and many embryos, the so-called Planula? and Gastrulse, on

leaving the egg, have only these two layers and an internal cavity,

the arehenteron. Then follows the development of the nervous

and muscular systems, the latter taking place sometimes contem-

poraneously with or after the first appearance of the skeleton,

especially in cases in which a germinal streak is developed. The

urinary organs and various accessory glands, the blood-vessels and

respiratory organs do not appear till later.

The degree of difference between the offspring on attaining the

free condition
(i.e.,

at birth or hatching) and the sexually mature

adults, both as regards form and size as well as organization, varies

considerably throughout the animal kingdom.
It is a very striking fact that an embryo provided with a central

cavity and a body wall composed of only two layers of cells appears

in different groups of animals as a freely moveable larva capable of

leading an independent life. Having recognized this fact, it was

not a great step, especially as Huxley* some time ago had compared
the two membranes of the body wall of the Medusaj (called later

by Allnian ectoderm and endoderm) with the outer and inner-

layers of the vertebrate blastoderm (epiblast and hypoblast), to arrive

at the conclusion that there was a similar phylogenetic origin for the

similar larvse of very different animal types, and to trace back the

origin of organs functionally resembling each other to the same

primitive structure.

It was A. Kowalewskit who, by the results of his numerous

researches on the development of the lower animals, first gave this

conception the groundwork of fact. He not only proved the occur-

rence of a two-layered larva in the development of the Coelenterata,

Echinoderins, Worms, Ascidians, and in Ainphioxus amongst Verte-

brates, but also on the ground of the great agreement in the later

developmental stages of the larvae of Ascidians and Amphioxus
and in the mode of origin of equivalent organs in the embryos
of Worms, Insects, and Vertebrata, protested against the hitherto

universally received view implied in Cuvier's conception of types,

that the organs of different types could not be homologous with one

another.

* Th. H. Huxley,
" On the Anatomy and Affinities of the family of Medusae."

Philosophical Transactions. London, 1849.

f Cf. A. Kowalewski's various papers in the " Memoires do 1'Ac-ad. de Peters-

bourg,
"
on Ctenophora, Phoronis, Holothurians, Ascidians, and Amphioxus, 1866

and 1867.
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Inasmuch as Kowalew^d,* from the results of his embryological

work, drew the Conclusion that the nervous layer and embryonic skin

of Insects and Vertebrates are homologous, and that the germinal

layers of Amphioxus and Vertebrates correspond with those of

Molluscs (Tunicata) or worms, he was in agreement with the long

recognised fact that anatomical transitional forms and intermediate

links between the different groups or types of animals exist, and that

t hese latter do not represent absolutely isolated planes of organization,
but the highest divisions in the system, and he only gave in reality
an embryological expression to the claims of the descent theory. In

fact, the conclusion which Kowalewski reached was completely
correct viz., that the homologies of the germinal layers in the

different types afford a scientific basis for comparative anatomy and

embryology, and must be recognised as the starting-point for the

proper understanding of the relationships of the types. For this

position we find amongst the vertebrata proofs at every step.

But while his own comprehensive embryological experiences inspired

Kowalewski, the founder of the theory of the germinal layers, with a

prudent reserve, other investigators, inclined to bold generalization,

appeared at once with ready theories, in which the results of embryo-

logical investigations were interpreted in accordance with the theory
of descent. Among these E. Haeckel's gastraea theory is especially

prominent, which raises no less a claim " than to substitute, in the

place of the classification hitherto received, a new system based on

phylogeny, of which the main principle is homology of the germinal

layers and of the archenteron, and secondarily on the differentiation

of the axes (bilateral and radial symmetry) and of the crelom."

E. Haeckelf designated the larval form used as the point of depar-
ture the Gastrula, and believed to have found in it the repetition
in embryonic development of a common primitive form, to which the

origin of all Metazoa may be traced back. To this hypothetical

prototype, which is supposed to have lived in very early times during
the Laurentian period, he gave the name of Gastrcea, and called the

ancient group, supposed to be widely scattered and to consist of

many families and genera, by the name Gastrceadce. From this sup-

position was deduced the complete homology of the outer and inner

* A. Kowalewski, "Embryologische Studien an Wiirmernund Artliropoden.''

Petersburg, 1871, p. 58-fiO.

t E. Haeckel,
"
Gastrseatheorie.'' Jen. nat. Zcitschrift, 187V For criticism

see C. Glaus,
" Die Typenlehre nnd Raeckel's sogenannte Gastrneatheorie."

Vienna, 1874.
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germinal layers throughout the whole Metazoa
;
the one being traced

back to the ectoderm and the other to the endoderm of the hypothe-

tical Gastrtea ; while for the middle layer, which is only secondarily

developed from one or both of the primary layers, only an incomplete

homology was claimed. It cannot, however, be said that this theory,

which is essentially an extension of the Baer-Remak theory of the

germinal layers from the Vertebrata to the whole group of Metazoa,

with its pretentious and hasty speculation has created a basis for

comparative embryology ;
such a basis can only be obtained as the

result of comprehensive investigations.

DIRECT DEVELOPMENT AND METAMORPHOSIS.

The more complete the agreement between the just born young and

the adult sexual animal, so much the greater, especially in the higher

animals, will be the du

ration of the embryonic

development and the

more complicated the

developmental processes

of the embryo. The

post-embryonic develop-

ment will, in this case,

be confined to simple

processes of growth and

perfection of the sexual

organs. When, how-

ever, embryonic life has,

relatively to the height

of the organization, a

quick and simple course
;

when, in other words,

the embryo is born in

an immature condition

and at a relatively low

stage of organization,

the post-embryonic development will be more complicated, and

the young animal, in addition to its increase in size, will present

various processes of transformation and change of form. In such

cases, the just hatched young, as opposed to the adult animal, is

called a Larva, and develops gradually to the form of the acini*--

FIG. 111. Larval stages of the Frog (after Ecker). a,

embryo some time before hatching', with wart- like gill

papillic on the visceral arches, b, Larva some time

after hatching, with external branchiae, c, Older larva,

with horny beak and small branchial clefts beneath

the integumentary operculum, with internal branchiae ;

If, nasal pit; -S, sucker; K, branchire
; A, eye; Hz,

horny teeth.
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sexual animal. The development of larva?, however, is by no means

direct and uniform, but is complicated by the necessity for special

contrivances to enable them to procure food and to protect them-

selves
;
sometimes taking place in an entirely different medium,

under different conditions of life. This kind of post-embryonic

development is known as metamorphosis.

Well-known examples of metamorphosis are afforded by the deve-

lopmental histories of the Insecta and Amphibia. From the eggs
of Frogs and Toads proceed larvae provided with tails, but without

limbs, the so-called Tadpoles (fig 111). These, with their laterally

compressed tails and their gills, remind one of fishes, and they possess

organs of attachment in the form of two small cervical suckers by
which they can anchor themselves to plants. The mouth is provided
with horny plates ;

the spirally coiled intestine is surprisingly long ;

the heart is simple; and the vascular arches have the piscine relations.

Later, as development proceeds, the external branchiae abort, and are

replaced by new branchiae covered by folds of the integument, the

eaudal fin is enlarged, and the fore and hind limbs sprout out
;
the

fore limbs remain for some time covered by the integument, and only

subsequently break through it to appear on the surface. Meanwhile

the lungs have developed as appendages of the anterior part of the

alimentary canal, and supplant the gills as respiratory organs, a

double circulation is developed, and the horny beak is cast off.

Finally the tail gradually shrinks and atrophies ;
on the completion

of which the metamorphosis of the aquatic tadpole into the frog or

toad suited for life on land is accomplished (fig. 112).

We have then to consider two kinds of development, viz., develop-
ment with a metamorphosis and direct development, which in extreme

cases are distinctly opposed to each other, but are connecte'd by inter-

mediate methods. The size of the egg, or, in other words, the amount

of food yolk available for the use of the embryo in proportion to the

size of the adult animal appears to be a factor of primary importance
in any explanation of these two distinct processes (R. Leuckart).
Animals with a direct development require generally in pro-

portion to the height of their organization and the size of their

bodies that their eggs should be provided with a rich endowment

of food yolk, or that the developing embryo should possess a special

accessory source of nutriment; they arise therefore either from

relatively large eggs (Birds), or they are developed inside, and in

close connection with the maternal body, by which arrangement

they have a continual supply of food material (Mammals). Animals,
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on the contrary, which pass through a metamorphosis alwa}
rs arise

from eggs of relatively small size, are hatched in an immature con-

dition as larvae, and obtain independently, by their own activity, the

materials which have been withheld from them while in the egg,

but which are necessary for their full development. The number

of embryos produced in the case of a direct development is, in

proportion to the total weight of the material applied by the mother

for reproductive purposes, far smaller than in the case of a develop-

ment with metamorphosis. The fertility of animals whose young

FIG. 112. Later stages in the development of Felobates fuscus. a, larva without limbs
with well developed tail; b, older larva with hind limbs ; e, larva with two pairs of limbs ,

d, young frog with caudal stump ; e, young frog after complete atrophy of tail.

undergo a metamorphosis, or, in other words, the niimber of offspring

produced from a given mass of formative material, is increased to

an extraordinary degree, and has, in the complicated relations of

organic life, a great physiological significance, though systematically

it is of little importance.

Some time ago it was attempted to explain these indirect meta-

morphoses, in which both processes of reduction and new development
take place, as the result of the necessity which the simply organized
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larva, hatched at an early stage of development, laboured under ol

acquiring special arrangements for its protection and nourishment

(R. Leuckart). The proof that such relations do exist between
the special larval organs and the peculiar methods of nutrition and

protection is an important factor for the full understanding of the.ie

remarkable processes, but still is by no means an explanation of them.
It is only by aid of the Darwinian principles and the theory of

descent that we can get nearer to an explanation. According to

this theory, the form and structure of larvae are to be considered in

relation to the development of the race, i.e. phylogeny, and are to be

derived from the various phases of structure through which the

latter has passed in its evolution, and in such a way that the younger
larval stages would correspond to the primitive, and the older, on
the other hand, to the more advanced and more highly organized

animals, which have appeared later in the history of the race. In

this sense the developmental processes of the individual constitute a

more or less complete recapitulation of the developmental history ef

the species, complicated, however, by secondary variations due to

adaptation, which have been acquired in the struggle for existence *

(Fritz Miiller's fundamental principle, called by Haeckel the funda-

mental law of biogenesis).

The greater the number of stages, therefore, through which the

larva passes, the more completely is the ancestral history of the

species preserved in the developmental history of the individual
;

and it is the more truly preserved the fewer the peculiarities of

the larva, whether independently acquired, or shifted back from

the later to the earlier periods of life (Copepoda.) On the other

hand, there are certain larval forms without any phylogenetic

meaning which are to be explained as having been secondarily

acquired by adaptation (many Insect larvse).

The historical record preserved in the developmental history

becomes, however, gradually defaced by simplification and shortening
of the free development; for the successive phases of development
are gradually more and more shifted back in the life of the

embryo, and run their course more rapidly and in an abbreviated

form, under the protection of the egg membranes, and at the cost

of a rich supply of nutrient material (yolk, albumen, placenta). In

animals with a direct development, therefore, the complicated deve-

lopment within the egg membranes is a compressed and simplified

* Fritz Miiller,
" Fur Darwin." Leipzig, 18fi3, p. 75 SI.
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metamorphosis, and hence the direct development, as opposed to

the metamorphosis
5
,
is a secondary form of development.

ALTERNATION OF GENERATIONS, POLYMORPHISM AND HETEROGAMY.

Both in direct development and indirect development by means

of a metamorphosis, the successive stages take place in the life-

history of the same individual. There are, however, instances of

free development, in which the individual only passes through a

part of the developmental changes, while the offspring produced by
it accomplishes the remaining part. In this case the life-history

of the species is represented by two or more generations of indivi-

duals, which possess different forms and organization, exist under

different conditions of life, and reproduce in different ways.

Such a manner of development is known as alternation of genera-

tions (metagenesis), and consists of the regular alternation of a

sexually differentiated generation with one or more generations

reproducing asexually. This phenomenon was first discovered by
the poet Chamisso* in the Salpidse ;

but the observation remained

for more than twenty years unnoticed. It was rediscovered by

J. Steenstrup, t and discussed in the reproduction of a series of animals

(Medusa?, Trematoda) as a law of development. The essence of the

process consists in this, that the sexual animals produce offspring,

which through their whole life remain different from their parents,

but can give rise by an asexual process of reproduction to a gener-

ation of animals which resemble in their organization and habits

of life the sexual form, or again produce themselves asexually, their

offspring assuming the characters of the original sexual animal.

So that in the last case the life of the species is composed of three

different generations proceeding from one another, viz., sexual

form, first asexual form, and second asexual form. The development

of the two, three, or more generations may be direct, or may take

place by a more or less complicated metamorphosis; similarly the

asexual and the sexual generations sometimes differ but little from

each other (e.g. Salpa), and sometimes present relations analogous

to those which exist between a larva and the adult animal (e.g.

* Adalbert de Cbamis-o,
" De animalibus quibu?darn e classe vermium

Linnfeana in circumnavigatione terrae auspicante comite N. Eomanzoff duce

Ottone de Kotzebue annis 1815, 1816, 1817, 1818 peracta." Fasc. I. De sal pa
Berolini 1819.

f Job. Jnp. Sm. Steenstrup,
" Ueber den Generationswechsel, etc," ubcrsctzt

von C. H. Lorcnzen. Kopenbagen, 1S42.
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Medusae). Accordingly we have to distinguish different forms of

alternations of generations, which have genetically a different origin

and explanation.

The latter form of alternations of generations resembles metamor-

phosis ; and we have in most cases to explain it as having arisen

in the following way : The asexual form corresponds to a lower

stage in the phylogenetic history, from which it has inherited the

capacity of asexual reproduction, while the sexual reproduction belongs

entirely to the higher form. To take as an example the alternation

of generations of the Scyphomedusse. The animal is hatched as a

free-swimming ciliated planula (gastrula with closed blastopore) (fig.

113
).

After a certain time it fixes itself by the pole of its body,

d

CsJi

FIG. 113. Development of the planula of Chrysaora to the Scyphisturua sta^o, with eight

arms, a, Two layered planula with a narrow gastric cavity ; 4, the same after its

attachment with just-formed mouth (O), and commencing tentacles ; c, four-armed Scy-

phistoma polyp ; Csh, excreted cuticular skeleton ; d, eight-armed Scyphistoma polyp
with wirle mouth; If, longitudinal muscles of the gastric ridges; dk, excreted cuticular

skeleton.

which is directed forward in swimming, and acquires at its free ex-

tremity a new mouth, round which 1, 2, 4, 8, and finally 16 long

tentacles soon make their appearance ;
while the broad oral region

projects as a contractile cone (fig. 113 b, c, d}. Inside the gastric

cavity there project four gastric ridges with longitudinal muscular

bands extending from the foot or point of attachment to the base of

the oral cone. When the polyp, which has now become a Scyphis-

toma, has under favourable conditions of nutrition reached a certain

size (about 2 to 4 mm.), ring-like constrictions are formed at the
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anterior part of the body, giving rise to a series of segment-like
divisions. The anterior part of the body bearing the tentacles is

first marked off; and following this a greater or less number of

sections, the new segments appearing continuously in the direction

from before backward. The hindermost or basal swollen club-shaped

end of the polyp's body remains undivided. The Scyphistoma h;is

Fis.113.--f, Stage of Scyphistoma with sixteen ;;rm= (slightly magnified); GU-. gastric ridges.

f, Commencing strobilization.

now become the StrobHa, which itself passes through various

developmental phases. The tentacles abort
;
the successive segments,

separated from each other by constrictions and provided with lobe-

like continuations and marginal bodies, become transformed 'into

small flat discs, which become separate, and, as Ephyrce, represent the

larva? of the Scyphomeduspe (fig. 113 b-h).
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In the other cases in which the sexual and asexual forms mor-

phologically resemble each other, as in Salpa, the origin of the

alternation of generations may, as in the case of the origin of the

dioacious from the hermaphrodite state, be traced back to the ten-

dency towards the establishment of a division of labour acting upon
an animal which possessed the capacity of sexual and asexual repro-
duction. It was advantageous for the formation of the regular chain

of buds (stolo prolifer) that the power of sexual reproduction should

be suppressed, and that the

%
generative organs should be-

come rudimentary and finally

vanish in the budding indivi-

dual >; while, on the other

hand, in the individuals

united in the chain, the gene-
rative organs were early de-

veloped, and the stolo prolifer

was aborted and completely
vanished.

Special forms of alternation

of generations may be di>-

tinguished in which colonies

are formed as the result of

the asexual reproduction by

budding from a single animal,

the buds remaining attached

and developing into individuals

which differ considerably in

structure and appearance, and

each of which performs special

functions in maintaining the

FIG. 113. g, Fully developed Strobila with sepa- colony (nutritive, protective,

sexual, etc.) Such a form of

v,

rating Ephyrae. h, Free Ej.>hyra (of about 1 '5 to

2 mm. diameter.

alternation of generations is

known as }>oIi/>/torpJtism,* and reaches a great complication in the

polymorphous colonies of the Siphonophora.

A form of reproduction which closely resembles metagenesis, but

which genetically has quite a different explanation, is the lately

* K. Leuckart,
" Ueber den Polymorphismus der Indivuluen oder

Erscheinung der Arbcitstheilung in der Natur." Giessen, 1851.
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discovered process known as heteroyamy. It is characterised by the

succession of differently organized sexual generations living under

different nutritive conditions.

Heteroganiy, which was first discovered in certain small Nematodes

(RJtalidonema nigrovenosum and Leptodera appendiculata), can scarcely

be explained otherwise than as an adaptation to changed conditions.

For when the embryo is developed as a pau.site in conditions favour-

able for the acquisition of nutriment, it gives rise to a sexual form

so different in size and structure frjui that which arises if the

B.

FIG. 111. A, Rhabdonema nigrovenosum of about 35 mm. in length at the stage when the

male organs are ripe. G, genital planet; O, mouth
; D, alimentary canal ; A, anus ; K,

nerve ring; Dr:, trlaud. cells; Z, isolated spermatozoa. B, Male and female Rbabdilis,

length from about 1 '5 to 2 mm.
; On, ovary; T, testis; V, female genital opening; Sj\

epicula.

embryo leads a free existence in damp earth or dirty water (i.e.,
in

conditions not so favourable for the acquisition of nutriment), that

we should, from the difference in their structure, place the two forms

in different genera. Rhabdonema nigrovenosum from the lungs of

Batrachians and the free-living Rhabditis follow each other in a

strictly alternating manner (fig. 114, A, B). Other cases of hetero-

gamy are afforded by the Bark-lice (Cherrnes), and the Root-lice
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(Phylloxera), in that one or more (winged and apterous) female

generations are characterised by parthenogenetic reproduction, and

consist only of oviparous females ; while the generation of females,

which lay fertilised eggs, appears with the males only at certain

times of the year, and can be distinguished by their small size, and

by the reduction of their mouth parts and digestive apparatus.

Such forms of heterogamy lead back apparently to alternations

of generations, especially when the parthenogenetic generations

present, in the structure of their generative apparatus, essential

differences from the females which copulate.

The plant-lice and gall-flies afford instances of this. The repro-

ductive processes of these animals, on the authority of Steen-

strup and V. Siebold, were regarded for a long time as instances of

alternations of generations, until the view, which was supported by
the reproductive processes of the allied bark-lice, that they came

under the head of heterogamy, received general assent. According
to this view, the viviparous forms of the plant-lice (Aphides) are

merely modified females adapted for parthenogenetic reproduction,

and their reproductive gland is nothing more than the modified

ovary. There are also cases of heterogamy in which, in the partheno-

genetic generations, the development of the egg commences in the

ovary of the larva, reproduction being shifted back into larval life.

This form of heterogamy, which resembles alternations of genera-

tions, was shown to occur in the larva of Cecidomyia (Miastor) by
Nic. Wagner and by 0. Grimm in the larva of a species of Chiro-

nomus, and is to be looked upon as a case of precocious development
of the egg in the parthenogenetic generation. The morphologically

undeveloped larva has acquired the power of reproducing itself by
means of its rudimentary ovary, a phenomenon which, following the

proposal of C. E. v. Baer, has been designated Pcedogenesis.

If the reproductive gland of the Cecidomyia larva be looked upon
as a germ-gland, and the cells contained in it as germ cells or spore?,

the reproduction of the Cecidomyia falls into the category of alterna-

tions of generations. But the idea involved in the term "
spore

"
is

borrowed from the vegetable kingdom, and there is no reason for

looking upon these or any other structure* in the Metazoa as spores.

The above explanation, therefore, is untenable. The reproductive

cells in the Metazoa, which have been regarded in this light, have

much more probably originated from masses of cells which represent

the rudiment of the ovary, and which are usually visible in early

stages of development.
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Further it cannot be doubted that the development of the

Distomese, which has hitherto been regarded as a case of alternation

of generations really represents a form of heterogamy allied to

psedogenesis. After the completion of the segmentation and em-

bryonic development, the ciliated embryos (fig 115, a, 6) pass from

the egg into the water, where they swim about, and eventually make

their way into the body of a Snail, in which they give rise to sac-like

or branched Sporocysts (fig 115, c) or to Redire provided with an

alimentary canal (fig. 115, d).

These stages in the development of Distomum which are apparently

d

a.

fh

FIG. 115. Developmental history of Distomum (in part after R. Leuckart). a, Free-

swimming ciliated embryo of the liver fluke. 6, the same contracted, with rudiment of

alimentary canal D
;
and aggregations of cells ; On, rudiment of genital gland ; Ex,

ciliated apparatus of the excretory system. c, Sporocyst, which has proceeded from
Distomum embryo, filled with Cercarife C

; B, spine of a Cercaria. d, Redia with pharynx
PA

; alimentary canal, D ; Ex, excretory organs ; C, contained Cercariae. e, free Cercaria
;

S, sucker
; D, gut.

comparable to larvae, produce by means of the so-called germ granules
or spores a generation of offspring known as Cercarise (fig. 115, e),

which become free, and then make their way into the body of a new

host, and, after the bss of the oral spine and caudal appendage, encyst

(fig 115 /}. Hence they are carried into the body of the permanent
host to develop into the sexual adult form.
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It is, however, extremely probable that the masses of cells

from which the Cercarire arise represent the rudiments of ovaries,

the elements of which develop parthenogenetically without the

addition of spermatozoa. The so-called germ sacs (Sporocysts or

Redia?) would in this case be larvae, which possess the power of

reproduction ; and the development of the Distomese would come

under the head of heterogamy. The Cercariaj, however, represent a

second and more advanced larval phase. Provided with a motile

tail, frequently with eyes and buccal spine, their organization, save

in the absence of developed generative organs, presents great simi-

larities to the sexually mature adults into which they develop.

This development, however, takes place
/ only in the body of another and usually

more highly organized host after the

loss of the larval organs.

If the conception of a spore as an

asexual reproductive product be main-

tained, it becomes impossible in practice

to draw a sharp line between alterna-

tion of generations and heterogamy ;

since there is no test which enables us

to distinguish between a spore and an

ovum which develops parthenogeneti-

cally. On the other hand, if we inter-

pret, as we are justified in doing, the

so-called spores as precociously developed

ova, alternation of genei-ations and

heterogamy can be clearly distinguished

from one another, since in the former

one generation is asexual, and in-

creases entirely by budding and

division
;

while in the latter both

generations are sexual, though in one

of them the ova may possess the power
of spontaneous development.
An essential characteristic both of heterogamy and alternation

of generations depends upon the different form of the individuals

appearing in the generations which usually occur in a regularly

alternating manner in the life-history of the species. But there

are cases in which two methods of reproduction may follow each

other in the life-history of one individual. This form of the

FIG. 115. /, Young Distoruum

(after La Valette). Ex, main trunk

of excretory system ; Ep, excre-

tory pore ; O, mouth opening
with sucker ; S, sucker on middle
of ventral surface

; P, pharynx ;

D, limb of alimentary canuL
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reproductive process is of the greatest interest as throwing light

upon the way in which the phenomena of alternation of generations

and heteroganiy may have arisen in that it appears in a certain degree

as the precursor of the alternating sequence of two or more genera-

tions of individuals. The so-called alternation of generations in the

stone-corals (Blastotrochus), which in early life reproduce themselves

by budding, without thereby losing the power of acquiring sexual

organs at a later period of life, forms an example of this method of

reproduction.

In this category of incomplete heterogamy should be placed the

reproductive processes of the Phyllopoda and Rotifera, in which the

female produces summer eggs capable of parthenogenetic develop-

ment, and later winter eggs requiring fertilization (Daphnidce).

[In the above account the term alternation of generations, or

metagenesis is applied to those cases in which sexual and asexual

generations alternate ; while heterogamy is applied to those cases

in which two sexual generations or a sexual and parthenogenetic

generation alternate.]

CHAPTER IV.

HISTORICAL REVIEW.*

THE origin of Zoology extends far back into antiquity. Aristotle

(4th century B.C.), who scientifically and in a philosophic spirit

worked up the experiences of his predecessors with his own extended

observations, must be looked upon as the founder of this science.

The most important of his zoological workst treat of the "
Repro-

duction of Animals," of the " Parts of Animals," and of the "
History

of Animals." The last and most important work is, unfortunately,

only incompletely preserved.

We must not expect to find in Aristotle a descriptive zoologist,

nor in his works a system of animals followed out into the smallest

* Victor Cams,
" Geschichte der Zoologie." Miinchen, 1872.

f Compare Jiirgen Bona Meyer's
" Aristoteles' Thierkunde "

(Berlin, 1855).

Frantzius,
" Aristoteles' Theile der Thiere

"
(Leipzig. 1853). Aubcrt und

Wimmer, "
Aristoteles' Flinf BUcher von der Zeugung und Entwicklung der

Thiere, iibersetzt und erliiutert
"

(Leipzig. I860). Aubert und Wimmer,
"Aristoteles' Thierkunde." Band I. und II. (Leip;ij, 1868).
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details; a one-sided treatment of science was not the object of this

great thinker.

Aristotle contemplated animals as living organisms in all their

relations to the external world, according to their development,

structure, and vital phenomena, and he created a comparative Zoology,

which in several respects constitutes the basis of our science. The

distinction of animals into animals with blood (evat/xa) and animals

?rithout blood (ai/ai/xa), which he in no wise used as a strictly

systematic conception, certainly depends, according to the meaning
of the word, upon an error, since all animals possess blood; and the

red colour can by no means be taken, as Aristotle believed, to be a

test of the presence of blood
; but as the possession of a bony verte-

bral column was put forward as a character of the animals provided

with blood, the two groups established by this distinction coincided

in their limits with the two great divisions of Vertebrates and

Invertebrates.

The eight animal groups of Aristotle are the following :

Animals with blood, Vertebrates

(1) Viviparous animals (four-footed, ^UOTOKOVVTO. iv avrots), with

which as a special -yei/os
was placed the whale.

(2) Birds (opvifles).

(3) Oviparous four-footed animals (rerpaTroSa rj
airoSa woTOKOwra).

(4) Fishes
(Ix6ves).

Animals without blood. Invertebrates

(5) Soft animals (/mAa/aa, Cephalopoda).

(6) Soft animals with shells (/xaXaKocrrpaKa).

(7) Insects (evroyu-a).

(8) Shelled animals (oo-rpa/codep/AaTa, Echini, Snails, and Mussels).

After Aristotle, antiquity only possesses one zoological writer of

note Pliny the elder to point to. He lived in the first century,

and, as is well-known, was killed in the great Eruption of Vesuvius

(79), while captain of the fleet. The natural history of Pliny deals

with the whole of nature, from the stars to animals, plants, and

minerals ; it is, however, of no scientific value as an original work,

but is merely a compilation of facts collected from known sources,

and is not by any means implicitly to be trusted. Pliny borrowed

to a large extent from Aristotle, often understood him falsely, and

also accepted here and there as facts fable
,
which had been rejected

by Aristotle. Without setting up a system of his own, he divided

animals according to the medium in which they lived into Land-

animals (Terrestria), Aquatic-animals (Aquatica), and Flying-
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animals (Volatilia), a division which was accepted till Gessner's

time.

With the decline of the sciences, natural history also fell into

oblivion. The mind of man, fettered by the belief in authority, felt

in the middle ages no need for an independent contemplation of

Nature. But the writings of Aristotle and Pliny found an asylum
within the walls of the Christian cloisters, which preserved the

germs of science developed in Heathendom from complete extinc-

tion.

In the course of the middle ages, first the Spanish bishop, Isidor

of Seville (in the seventh century), and later Albertus Magnus

(in the thirteenth century) wrote works on natural history; but it

was not until the renaissance of the sciences of the sixteenth century
that the works of Aristotle again came to the fore, and the desire

for independent observation and research was also roused. Works
like those of C. Gessner, Aldrovandus, Wotton, testified to the newly

awakening life of our science, whose scope was continually being in-

creased by the discovery of ue\v worlds.

The next century, in which Harvey discovered the circulation of

the blood, Keppler the revolution of the planets, and Newton's law

of gravitation formed the beginning of a new era in physics,

was also a fruitful epoch for Zoology. Aurelio Severino wrote his

"Zootornia dernocritrea
"
(1645), a work which contained anatomical

drawings of various animals, more for the use and advancement of

human anatomy and physiology. Swammerdam in Leyden dissected

the bodies of Insects and Molluscs, and described the metamorphosis
of the Frog. Malpighi in Bologna and Leeuwenhoek in Delft

applied the invention of the microscope to the examination of

tissues and the smallest organisms (animals from infusions). The

latter discovered the blood corpuscles, and first saw the transverse

striations of muscular fibres. The spermatazoa also were discovered

by a student, Hamm, and called, on account of their movements,

sperm-animals. The Italian Redi opposed the spontaneous genera-

tion of animals in putrefying matter, proved the origin of Maggots
from Flies' eggs, and supported Hai-vey's famous expression,

" omne

vivum ex ovo." In the eighteenth century the knowledge of the

life-history of animals was enormously enriched. Investigators such

as Reaumur, Rosel von Rosenhb'f, De Geer, Bonnet, J. Chr. Schaeffer,

Ledermliller, etc., discovered the metamorphosis and life-history of

Insects and native aquatic animals, while at the same time, by

expeditions into foreign lands, a great number of animals from other
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continents became known. In consequence of these extended obser-

vations and a continually growing eagerness to collect curiosities from

foreign countries, the zoological material increased so largely that,

in the absence of precise distinctions, nomenclature and arrangement,
the danger of error was great, and a general review of the facts

almost impossible. Under such conditions, the appearance of the

systematise!' Carl Linnaeus (1707 1778) must have been of the

greatest importance for the further development of Zoology.

Ray, who is justly placed in the first rank of Linnaeus' prede-

cessors, had earlier endeavoured to acquire a basis for the systematic

treatment, and with a certain amount of success, but he failed to

organise a thoroughly methodical arrangement. He was the first

to introduce the conception of "
species

"
and to consider anatomical

characters as the basis of classification. In his work, entitled

"
Synopsis of Mammalia and Reptilia

"
(1693), he adopted Aristotle's

division of the animal kingdom into animals with and animals

without blood. With regard to the first he laid the basis of the

definitions of Linnaeus' first four classes ; the latter he divided into

a greater group, containing Cephalopods, Crustacea, and Testacea,

and into a smaller containing the Insecta.

The importance of Linnaeus' work to the development of science

depended not on any far-reaching investigations or important dis-

coveries, but on his acute sifting and exact division of the then exist-

ing facts, and on the introduction of a new method of more certain

diagnosis, nomenclature, and arrangement.

By erecting for groups of different value a series of categories

based on the ideas of species, genus, order, class, he obtained a means

of creating a much more precise system of classification. On the

other hand, by the introduction of the principle of binary nomencla-

ture, he obtained a fixed and more certain method. Every animal

received two names taken from the Latin language -the generic

name, which was placed first, and the specific name, which together

denote the fact that the animal in question belongs to a definite

genus and species. In this way Linnreus not only arranged the

facts then known, but also created a systematic framework in which

later discoveries would easily find their proper place.

Linnseus's great work, the "
Systema Nature," which in its thirteen

editions received many changes, embraced the animal, vegetable, and

mineral kingdoms, and in its treatment can only be compared to an

exhaustive catalogue, in which the contents of nature, like that

of a library, are registered in a definite order with a statement of
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their most remarkable characters. Every species of animal and

plant obtained a place determined by its properties, and was with

the specific name inserted under the genus. After the name fol-

lowed a short Latin diagnosis, and a list of the synonyms of authors

and statements concerning the habits of life, habitat, the native

country, and any special characteristics.

Linnreus created for botany an artificial system of classification

founded on the characters of flowers. Similarly his classification of

animals was artificial, as it did not depend upon the distinction

of natural groups, but took isolated features of internal and external

structure as characters. Linnreus completed the improvements in

Aristotle's classification which had been already begun by Ray, by

establishing the following six classes, founded on the structure of the

heart, the condition of the blood, the manner of reproduction and

respiration.

(1) Mammalia. With red warm blood, and a heart composed of

two auricles and two ventricles, viviparous. The following orders were

distinguished Primates (with the four genera Homo, Simia, Lemur,

Vespertilio), Bruta, Ferre, Glires, Pecora, Bellure, Cete.

(2) Aves. With warm red blood, and a heart composed of two

auricles and two ventricles, oviparous Accipitres, Picre, Anseres,

Grallfe, Gallinte, Passeres.

(3) Amphibia. With cold red blood and a heart composed of simple

auricle and ventricle, breathing by lungs Reptilii (Testudo, Draco,

Lacerta, Rana), Serpentes.

(4) Pisces. With cold red blood, and a heart composed of simple

auricle and ventricle, breathing by gills Apodes, Jugulares, Thora-

cici, Abdominales, Branchiostegi, Chondropterygii.

(5) Insecta. With white blood, simple heart, and segmented an-

tennte Coleoptera, Herniptera, Lepidoptera, Neuroptera, Kymenop-
tera, Diptera, Aptera.

(6) Vermes. With white blood, simple heart, and unsegmented
antennae Mollusca, Intestina, Testacea, Zoophyta, Infusoria.

While the followers of Linnaeus developed still further this barren

and one-sided zoographical treatment and erroneously looked upon
the framework of this system as an exact and complete expression

of the whole of nature, Cuvier, by combining Comparative Anatomy
with Zoology, laid the foundations of a natural system.

George Cuvier, born at Mbmpelgard 1762, and educated at the

Karlsakademie at Stuttgart, later Professor of Comparative Anatomy
at the Jardin des Pinnies in Paris, published his comprehensive in-
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vet tigations in numerous works, especially in his " Lecons d'Anatomie

comparee
"
(1805).

In his celebrated treatise* published in 1812, on the arrangement
of animals according to their organization, he established a new

and essentially changed classification, which was the first serious

attempt to build up a natural system. Cuvier did not, as most

zootomists had done, look upon anatomical discoveries and facts as

in themselves the aim of his researches, but he contemplated them

from a comparative point of view, which led him to the establishment

of general principles. By considering the peculiarities in the ar-

rangements of the organs in relation with the life and unity of the

organism, he recognised the reciprocal dependence of the individual

organs, and appreciating fully the idea of the " correlation
"
of parts

already discussed by Aristotle, he developed his principle of the con-

ditions of existence without which an animal cannot live (jprincipe

des conditions d'existence ou causes finales).
" The organism con-

sists of a single and complete whole, in which single parts cannot be

changed without causing changes in all the other parts." By com-

paring the organizations of many diiferent animals, he found that the

important organs are the most constant, and that the less important

vary most in their form and development, and even are not univer-

sally present.

He was thus led to the principle so important for the systematist

of the subordination of characters (principe de la subordination des

caracteres). Without being ruled by the pre-conceived idea of the

unity of all animal organization, he became convinced, from a conside-

ration of the differences in the nervous system and in the arrangement
of the more important systems of organs, that there were in the

animal kingdom four main types (embranchements\
"
general plans

of structure on which the respective animals appear to be modelled,

and whose individual subdivisions, as they may be called, are only

slight modifications based on the development or the addition of

some parts, without the plan of the organization being thereby

essentially changed."

These four groups (embranchements Cuvier, Ti/pen Blainville)

were the Vertebrata, Mollusca, Articulata, and Radiata.

The views of Cuvier, who in knowledge of anatomical and zoologi-

cal detail stood far above all his contemporaries, were, however, in

opposition to the theories of men of note (the so-called School of

* " Sur un nouveau rapprochement a 6tablir entre les classes qui composent Ic

regne animal." Ann. den Miixriim il'flixt. Nat., Tom XIX., 1812.
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Natural Philosophy). In France, Etienne Geoffrey St. Hilaire pre-

eminently defended the idea, which had been already expressed by

Buftbn, of the unity of the plan of animal structure, according to

which the animal kingdom consisted of an unbroken gradation of

animals. Convinced that nature always worked with the same

materials, he put forward his theory of analogies, according to which

the same parts, though differing in their form and the degree of their

development, should be found in all animals
; and, further, his theory

of connections (principe des connexions), according to which the same

parts always appear in the same mutual position. A third funda-

mental principle was that of the equivalence of organs, an increase in

the size of one organ being accompanied by the diminution of another

organ. The application of this principle had important results, and

led to the scientific foundation of Teratology. His generalizations

were, however, in the main hasty, in that they were founded on

facts taken only from the Vertebrates
;
and if applied outside that

group must lead to many rash conclusions, e.g., that Insects are

Vertebrates turned on to their backs.

In Germany, Goethe and the natural philosophers Oken and

Schelling pronounced in favour of the unity of animal organization,

but it must be confessed without taking account in a comprehensive
manner of the actual facts.

The result of this controversy which in France was carried on

with considerable vehemence was, that Cuvier's view was victorious,

and his principles met with the more undivided assent since it

appeared that they were confirmed by C. E. v. Baer's embryological
work. Many gaps and errors were certainly discovered by later

investigators in Cuvier's classification, and in detail it was much

changed, but the establishment of his animal types as the chief

groups of the system was retained, and was supported by the

results of the developing Science of Embryology.
The most essential of the modifications which it has become neces-

sary to make in Cuvier's system relate chiefly to the increase in the

number of types. The Infusoria were some time ago removed from

the Radiata, and as Protozoa arranged by the side of the four other

groups. Lately the number of groups has been increased by the

division of the Radiata into Ccelenterata and Echinodermata, and of

the Articulata into Arthropoda and Vcrrnes, and of the Mollusca

into three groups.

In our times, however, Cuvier's view has experienced an essential

modification in favour of the Natural Philosophers, and the idea of



138 IITST'ORICAL REVIEW.

the absolute independence and isolation of each group must be given

up. With a more complete study it has been shown that inter-

mediate forms exist connecting the various types, and that conse-

quently no sharp line of demarcation can be drawn between them.

But just as the transitional forms between animals and plants cannot

abolish the distinction between these two most important conceptions
of the organic kingdom, so the existence of such transitional forms

does not in any way affect the value of the idea of groups and types
as the chief divisions of the animal system, but only renders it

probable that the different groups have developed from a similar or

common starting-point.

And to this corresponds the fact, which has become recognised
with the progress of embryological knowledge, that similar larval

stages and tissue-layers (germinal layers) are found in the develop-
mental history of the different types. This fact points to a genetic
connection.

Likewise the results of anatomical and embryological comparison
have rendered it probable that the types are by no means absolutely

independent, but are subordinated to one another in more or less

close relation, that especially the higher groups are genetically to be

derived from the Worms, a group which certainly includes extremely
dissimilar forms, and eventually will, without doubt, be broken up
into several types. We consider it, under such circumstances, con-

venient, in the present state of science, to distinguish nine types as

the chief divisions, and to characterise them in the following
manner :

(1) Protozoa. Of small size, with differentiations within the par-

code, without cellular organs, with predominating asexual repro-

duction.

(2) Cwlcntemta. Radiate animals segmented in terms of 2, 4, or

G
;
mesoderm of connective tissue, often gelatinous ; and a central

body cavity common to digestion and circulation (gastro-vascular

space).

(3) Echinodermata. Radiating animals, for the most part of pen-
tamerous arrangement ;

with calcareous dermal skeleton, often bear-

ing spines ;
with separate alimentary and vascular systems ; and with

nervous system and ambulacral feet.

(4) Vermes. Bilateral animals with unsegmented or uniformly

(homonornous) segmented body, without jointed appendages (limbs),

with paired excretory canals sometimes called water-vascular system.

(5) Arthropoda. Bilateral animals with heteronomously segmented
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bodies and jointed appendages, with brain and ventral chain of

ganglia.

(6) Molluscoidea. Bilateral, unsegrnented animals with ciliated

circlet of tentacles or spirally rolled buccal arms
;
either polyp-like

and provided with a hard shell case, or mussel-like with a bivalve

shell, the valves being anterior and posterior; with one or more

ganglia connected together by a pei-ioesophageal ring.

(7) Mollusca. Bilateral animals with soft, uusegmented body,

without a skeleton serving for purposes of locomotion ; usually

enclosed in a single or bivalve shell, which is excreted by a fold of

the skin (mantle) ; with brain, pedal-ganglion and mantle-ganglion.

(8) Tunicata. Bilateral unsegmented animals with sac-shaped or

barrel-shaped bodies, and a large mantle cavity perforated by two

openings ; simple nervous ganglion, heart and gills.

(9) Vertebrata. Bilateral animals with an internal cartilaginous or

osseous segmented skeleton (vertebral column), which gives off dorsal

processes (the neural arches) to surround a cavity for the reception

of the spinal cord and brain ; and ventral processes (the ribs) which

bound a cavity for the reception of the vegetative orgau ;
; never with

more than two pairs of limbs.

CHAPTER V.

MEANING OF THE SYSTEM.

VERY different opinions have been held in different places and at

different times as to the value of the system. In the last century

the French Zoologist Buffon held the system to be a pure invention

of the human mind
;
while more recently L. Agassiz thought that a

real meaning could be attributed to all the divisions of the system.

He explained the natural system founded on relationship of organiza-

tion as a translation of the thoughts of the Creator into human

language, by the investigation of which we become unconsciou-ly

interpreters of his ideas.

But it is clear that we cannot call, that arrangement, which is

derived from the relations of organization founded in nature, an

invention of man. Similarly it is preposterous to deny the sub-

jective participation of our intellectual activity, since in every system

there is expressed a relation of the facts of nature to our coaiprehen-
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sion and to the state of scientific knowledge. la this sense Goethe

appropriately calls a natural system a contradictory expression.

In establishing systems, that which comes into contemplation
consists of the individual forms which are the objects of observation.

Every systematic conception, from that of the species to that of the

type, depends upon the bringing together of similiar properties, and

is an abstraction of the human mind.

Species. The great majority of investigators, till very recently,

were agreed in looking upon the species as an independently created

unit with special properties which were retained in propagation, and

were really contented with the fundamental idea in Linnaeus' defini-

tion of species : Tot numeramus species quot db initio creavit in-

finitum ens." This view also accorded with a dogma prevalent in

Geology, according to which the flora and fauna of the successive

periods of the earth's history were completely isolated, being created

afresh at the beginning and destroyed by a vast catastrophe at the

end of each period. It was supposed that no living thing could be

preserved through one of these catastrophes from one period into the

next
;
that every species of animal and plant was specially created

with definite characters, which it retained unchanged until it was

destroyed. This idea was confirmed by the difference between the

fossil remains of Vertebrates (Cuvier) and Molluscs (Lamarck), and

the living forms of these types.

As a matter of fact, however, neither in the animal nor in the

vegetable kingdom do offspring resemble exactly the parent forms

from which they have originated, but present differences more or

less considerable, so that the idea of absolute identity must be

removed from our definition of species, and agreement in the most

essential particulars introduced in its place. The species would ac-

cordingly, in close agreement with Cuvier's definition, include all

living forms which have the most essential properties in common, are

descendedfrom one another, and produce fruitful descendants.

All the facts of natural life, however, can by no means be arranged

agreeably to this conception, which has for a fundamental principle

that all essential peculiarities must be preserved unaltered by repro-

duction through all time. The great difficulties in defining species

which occur in practice, and which prevent a sharp line being
drawn between species and variety, indicate the insufficiency of

the conception.

Varieties. Individuals belonging to the same species do not

resemble each other in all particulars, but present differences which,
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on closer investigation, suffice to distinguish the individual forms.

Combinations of modified characters are often present in the same

species, and occasion important variations (varieties) which can be

inherited by the descendants. The more important of such variations

which are maintained by reproduction are called constant varieties or

subspecies, or races, and are divided into natural races and artificial

or domesticated races.

The former are found in free natural life, and are usually confined

to definite localities. They have arisen in course of time in conse-

quence of conditions of climate, and under the influence of variations

in manner of life and nourishment. The domesticated races, on the

other hand, owe their origin to the care and cultivation of man.

They comprise only domestic animals whose origin is still unknown.

Varieties, however, which have arisen from one species may differ

very surprisingly from one another
;

in fact, they may present

more important features of difference than do distinct natural

species. An example of this is found in the domesticated race of

pigeons, whose common descent from Columba livia (the rock

pigeon) was shown by Darwin to be very probable. They are

capable of such striking alterations, that their varieties, known as

tumbler pigeons, fantail pigeons, etc., were held by ornithologists,

who were without knowledge of their origin, to be real species, and

were even divided into different genera.

In the natural state, too, it often happens that varieties cannot

be distinguished from species by the quality of their characteristics.

It is customary to consider that the essential of a character is to be

found in the constancy of its occurrence, and to recognise varieties

by the fact that their characteristics are more variable than those

of species. If forms which are widely different can be connected

by a continuous series of intermediate forms, they are held to be

varieties of the same species. But if such intermediate forms are

absent, they are held to be distinct species, even when the differences

between them (so long as they are constant) are less.

Under such circumstances we can understand that in the absence

of a positive test, the individual judgment and the natural tact

of the observer decides between species and variety ;

* and how it

is that the opinions of different observers have differed so widely in

* The establishment of the conception of sub-species is completely at variance

with the common conception of species, and is the most striking- proof that

systematists themselves recognize that the distinction between species and

sub-species is a relative one.
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practice. This relation has been excellently and thoroughly discussed

by Darwin and Hooker. As an example of the difference of opinion
on this subject, Nageli

* divided the Ilieracice found in Germany
into three hundred species, Fries into one hundred and six, Koch
into fifty-two, while other authors recognise hardly more than twenty.

Nilgeli indeed says,
" There is no genus of more than four species on

which all botanists are agreed, and many examples may be cited

in which, since Linnreus' time, the same species have been repeatedly
divided up and re-united."

We are therefore driven, in order to determine the essential pro-

perty distinguishing species and variety, to consider the most impor-
tant characteristic for the conception of species, a characteristic

which has hardly ever been used in practice, i.e., the community of

descent and the capacity for fruitful interbreeding. This means of

determination, however, is also insufficient.

It is a commonly known fact that animals which belong to different

species pair with one another and produce hybrids, e.g., horse and

ass, wolf and dog, fox and dog. Widely differing species, which are

placed in different genera, have even been known to cross with one

another, and to produce progeny, such as the he-goat and sheep, and

the she-goat and ibex. The hybrids however are, as a rule, sterile.

They are intermediate forms with imperfect generative system, with-

out the power of propagation ; and even in those cases where there

is a power of reproduction (such cases are most frequently met with

amongst female hybrids), there is a tendency to revert to the

paternal or maternal species.

There are, however, exceptions to the sterility of the hybrid which

appear to afford weighty proof against immutability of species. The

experiments in breeding between the hare and rabbit, made on a

large scale in Angouleme by Tloux, have shown that their progeny,
the hare-rabbit, is perfectly fertile. Half-bred hybrids of the rabbit

and hare have been bred, and have been reproductive through many
generations of pure in-breeding. In like manner careful inquiries

into the hybridism of plants, especially the investigations of W.
Herbert, lead to the conclusion that many hybrids are as perfectly

productive among themselves as genuine species.

In a state of nature, too, hybrids of various kinds are found.

Such hybrids have frequently been taken for independent species,

and have been described as such (Tetrao medius, hybrid of Tetrao

* C. Niigcli,
"
Entstchung uncl Begriff dor naturliistorischcn Art." Miiuich,

1805.
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UTOgallus and Tetrao tetrix; Abramidopsis Leuckarti, Bliccopsis

cibramorutilus, and others are, according to von Siebold, hybrids.)

Sterility of hybrids is not the rule here, for a great number of wild

plants have been recognised as hybrid species (Kb'lreuter, Gartner,

Niigeli Cirsium, Cytisus, Rubus). This seems to render it the less

doubtful that amongst animals which have been domesticated by

man, persistent transitional forms can be obtained from originally

different species, by gradual alteration brought about by cross

breeding.

Pallas, adopting this view, gave it as his opinion that closely allied

species, though at first they may refuse to breed together, or may
produce sterile offspring, will, after long domestication, produce fertile

progeny. And in fact, it has been shown to be probable that some

of our domestic animals have originated in prehistoric times as the

result of the unintentional crossing of different species. Riitimeyer

especially endeavoured to prove this mode of origin for the domestic

ox (Bos taurus), which he regarded as a new race resulting from the

crossing of at least two ancestral forms (Bos primlyenius, hrachyceros).

It may be looked upon as certain that the domestic pig and cat, and

the numerous breeds of dogs, have originated from several wild

species.

In connection with the exceptional cases which have just been

discussed, we may lay great stress upon the perfect reproductive

capabilities of mongrels, that is, of the progeny produced by the

crossing of different varieties of the same species; though here also

we meet with exceptions. Disregarding those cases in which me-

chanical causes render the interbreeding of different varieties im-

possible, it seems, according to the observations of breeders whose

word may be depended upon, that certain varieties have difficulty

in crossing with one another ; and further that certain forms which

have been bred by selection from a common stock are altogether in-

capable of fertile intercourse. The domestic cat introduced into

Paraguay from Europe has, according to Rengger, become essentially

altered in process of time, and has acquired a marked aversion to

the European ancestral form. The European guinea pig does not

breed with the Brazilian form, from which it is probably descended.

The Porto-Santo rabbit, which was exported from Europe to Porto-

Santo near Madeira in the fifteenth century, is so much altered that

it can no longer breed with the European race of rabbits.

The evident difficulty of precisely defining the conception of species,

in presence of the existence of a gradual, almost uninterrupted series
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of animal forms, and of the results of artificial selection, had already,

in the beginning of this century, induced illustrious and highly

esteemed naturalists to dispute the dominant views on the immuta-

bility of species. In the year 1809, Lamark, in his "
Philosophic

Zooloyique," broached the theory of the descent of species from one

another. He referred the gradual alterations in some degree to

changing conditions of life, but mainly to use and disuse of organs.

Geoffrey St. Hilaire, too, the advocate of the idea of unity of

organization of all animals and the opponent of Cuvier, expressed

his conviction that species had not existed unaltered from the be-

ginning. While agreeing essentially with Laniark's theory of the

origin and transmutation of species, he ascribed a less influence to

the inherent activity of the organism, and believed that he could

explain the alterations through the direct operation of changes in

the environment (monde ambiant).

The change in the fundamental views of Geology which took

place at a later period must be ascribed to the opinions of these

investigators. Lyell endeavoured (Principles of Geology) to explain

geological alterations by means of the forces in operation at the

present day, working gradually and without interruption through

extended periods of time, and rejected the Cuvierian theory of

mighty revolutions and catastrophes which destroyed all life. When
the geologists with Lyell had given up the hypothesis of periodic

disturbance of the course of natural events, they were obliged to

assume the continuity of organic life during the successive periods

of the formation of the earth, and to endeavour to account for the

immense alterations of the organic world by slight influences operat-

ing gradually and without interruption throughout long periods of

time. The variability of species, the origin of new species from

previous ancestral forms in the course of ages, has become, accord-

ingly, since the time of Lyell, a necessary postulate of geology in

order to explain naturally the differences of animals and plants

in successive periods without the supposition of repeated acts of

creation.

THE TRANSMUTATION THEORY, OR THEORY OF DESCENT, BASED ON

THE PRINCIPLE OF NATURAL, SELECTION (DARWINISM).

Nevertheless a more securely grounded theory based upon a firmer

standpoint was needed in order to give more force to the Trans-

lAutation hypothesis which had remained disregarded ;
and this
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service was effected by the English naturalist, Charles Darwin,

who employed a mass of scientific material to found a theory of the

origin and mutation of species. This theory, which is closely con-

nected with the views of Lamark and Geoffroy and in harmony with

Lyell's doctrines, has received an almost universal recognition, not

only on account of the simplicity of its principle, but also because of

the objective and convincing way in which his genius expounded it.

Darwin * starts from the principle of heredity, according to

which the characteristics of parents are transmitted to their off-

spring. But side by side with this, there is an adaptation determined

by the peculiar conditions of nourishment, a limited variability of

form, without which individuals of like descent would be identical.

While heredity tends to reproduce identical characteristics, individual

variations appear in the descendants of the same species, and in this

way modifications arise, which in their turn are submitted to the

law of heredity. Cultivated plants and domestic animals, the

individual forms of which vary far more than do those living in a

state of nature, are especially disposed to alteration ; and capability

of domestication is in reality nothing else than the capability of an

organism to subordinate and adapt itself to altered conditions of

nourishment and way of life.

The so-called artificial breeding, by which man succeeds by judicious

choice in cultivating in plants and animals definite properties cor-

responding to his requirements, depends on the interaction of heredity

and individual variation ; and it is probable that the numerous races

of domestic animals were in this way bred unconsciously by man, just

as in our own days large numbers of new varieties are bred by judi-

cious choice of the male and female parents. Similar processes are

also at work in natural life, calling into existence new alterations

and varieties. Here also we find a selection which is occasioned by
the struggle of organisms for existence, and may be called a natural

selection. All plants and animals are engaged, as Decandolle and

Lyell had asserted ten years previously, in a mutual struggle for

existence among themselves and with external conditions.

A plant has to fight against circumstances of climate, season, and

soil
;
and has also to compete for existence with other plants which,

by their superabundant increase, endanger the possibility of its

preservation. Plants serve as food for animals, which themselves

are engaged in a mutual .struggle with each other
;
the carnivorous

* Ch. Darwin. ' On the Origin of Species by means of Natural Selection,"'

London, 1859.

10
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feeding very largely upon herbivorous animals. Then again, all are

struggling to multiply in great numbers. Each organism produces
far more descendants than can in general be preserved. With a

definite degree of fertility, a corresponding amount of destruction

must take place; for in the absence of the latter the number of

individuals would so increase in geometrical progression that no

locality would suffice for the sustenance of their progeny. If, on

the contrary, the protection afforded by fertility, size, special organiza-

tion, colour, etc., were removed, the species would soon vanish from

the earth. Amongst the complex conditions and interactions of life,

even the most remotely connected organisms struggle with each other

for existence (e.g., the clover and the mice); but the most violent

strife is waged between individuals of the same species, which seek

the same food and are exposed to the same dangers. In this strife it

necessarily happens that those individuals which are placed in the

most favourable situation, through their special properties, have the

greatest chance of maintaining themselves and of multiplying, and,

in consequence, of reproducing the modifications useful to the species

and of preserving them in their descendants, or even sometimes of

increasing them.

Just as in the breeding of domesticated animals, an artificial selec-

tion is made by man to perpetuate and increase advantageous,

variations; so in the natural breeding of wild animals, in conse-

quence of the struggle for existence, a selection is made by nature

which leads to the preservation of modifications useful to the

species.

Since, however, the struggle for existence in closely related forms

must be the more violent the more nearly they resemble one another,

the most divergent types will have the greatest chance of enduring

and of producing descendants. Hence a divergence of characters

and an extinction of intermediate forms is the necessary consequence.

Thus by the combination of useful properties and by the accumula-

tion of hereditary peculiarities, which were primitively of little im-

portance, varieties gradually arise which ever diverge more and

more
;
and this is what Darwin sought to prove by happily chosen

examples. We can now comprehend why everything in the organism

is directed towards one end, which is to ensure existence in the

most perfect way. The great series ofphenomena which could hitherto

only receive a ideological explanation are thus brought into causal

relation, and can be explained as the inevitable residt of efficient

causes, and their natural connection is thus rendered intelligible.
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This principle of natural selection, which is the basis of the Dar-

winian theory, rests, on the one hand, on the interaction of adaptation

and heredity, and on the other, on the struggle for existence which

can be shown to occur everywhere in nature.

In its fundamental idea the natural selection theory is essentially

an application of the doctrine of Malthus to plants and animals.

Developed simultaneously by Darwin and Wallace,"' it received from

the former a most comprehensive scientific foundation.

We must certainly admit that Darwin's selection theory, although

supported by what we know of biological processes and of the opera-

tion of the laws of nature, is very far from discovering the final

cavises and physical connection of the phenomena of adaptation and

heredity, since it is unable to explain why such or such a variation

should appear as the necessary consequence of a change in the vital

conditions, and how it is that the manifold and wonderful phenomena
of heredity are a function of organised matter.

It is clearly a great exaggeration when enthusiastic supporters of

the Darwinian theory! say that it ranks as equal to the gravitation

theory of Newton, because "it is founded upon a single law, a

single effective cause, namely, upon the interaction of adaptation and

heredity." They overlook the fact that we have here only to do

with the proof of a mechanical and causal connection between series

of biological phenomena, and not in the remotest degree with a

physical explanation. Even if we are justified in connecting the

phenomena of adaptation with the processes of nourishment, and in

conceiving heredity as a physiological function of the organism, we

still stand and regard these phenomena as " the savage who aees

a ship for the first time." While the complicated phenomena of

heredity J remain completely unintelligible, we are only in a position

to explain in general terms certain modifications of organs, on

physical grounds, by the altered conditions of metabolism. It is only

rarely as in the case of the operation of use and disuse that we

are able more directly to relate the development or the atrophy of

organs to the increase or decrease in their nutritive activity, i.e.,

to give a chemico-physical explanation.

Darwin has been unjustly reproached with having left chance to

*
Compare also A. E. Wallace, " Contributions to the Theory of Natural

Selection."

t Compare E. Haeckcl,
" Xatiirliche Schopfungsgeschichte. 4. Auflage.

Berlin, 1873.

\ It is clearly a misuse of the word "Law" to represent the numerous

partially opposed and limiting phenomena of heredity as so ruanj
" laws of

heredity,'' as E. Haeckel does.
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play a considerable part in his attempt to account for the origin of

varieties, with having accounted for everything by the struggle for

existence, and with having given too little prominence to the direct

influence of physical action on the mutation of forms. This

reproach seems to arise from a misapprehension. Darwin says

himself that the expression
"
chance," which he often uses to explain

the presence of any small alteration, is a totally incorrect expression,

and is only used to express our complete ignorance of the physical

reasons for such particular variation.

If Darwin has by a series of considerations arrived at the conclu-

sion that the conditions of life, such as climate, nourishment, etc.,

exercise but a small direct influence upon variability, since, for in-

stance, the same varieties have arisen under the most different

conditions, and different varieties under the same conditions, and

that the complex adaptation of organism to organism cannot be

produced by such influences, still he recognises in the alteration of

the vital conditions and the mode of nourishment the primary cause

of slight modifications of structure. But it is only natural selection

which accumulates those alterations, so that they become appreciable to

us and constitute a variation which is evident to our senses. It is

exactly upon the intimate connection of direct physical action with

the consequences of natural selection that the strength of the Dar-

winian theory rests.

The origin of varieties and races would appear, however, to consti-

tute only the first stage in the processes of the continual changes of

organisms. However slowly the process of selection may work, yet

there is no limit to the extent and magnitude of the changes, or to

the endless combinations of reciprocal adaptations of living beings if

we allow a very long period of time for its operation. With the

aid of this new factor of duration of time, which, according to geo-

logical facts, cannot be rejected, but stands to an unlimited extent at

our service, the gap between variety and species disappears. Since

the former are continually diverging with the lapse of time and the

more they do so and become differentiated in their organization so

much the better will they be fitted to fill different places in the eco-

nomy of nature and to increase in number they at length attain the

value of species, which in a state of nature do not interbreed, or, at

any rate, only exceptionally produce progeny. Thus, according to

I >nrii)in, a variety is a species in process of formation. Variety and

species are connected by continuous series of transitions, and are not

absolutely distinct from one another; but are only relatively separated
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by the amount of difference in their morphological and physiological

characteristics.

This conclusion of Darwin's, which extends the result of natural

selection from the production of variety to that of species, is ob-

stinately and often bitterly opposed by those who subordinate the

phenomena of nature to traditional ideas.

Even if they do not deny the facts of variability, and even admit

the influence of natural selection on the formation of natural varieties,

they yet continue true to the belief that there is an absolute separa-

tion between species and race-variety. As a matter of fact, however,

we are not in a position to draw such a line of separation. Neither

the quality of the distinctive characteristics nor the results of cross-

ing afford us a distinctive criterion between species and variety.

The fact, however, that ive are not able to give any satisfactory defini-

tion of the conception of species, precisely because we are unable clearly

to distinguish between species and variety, adds so much the more

weight to Darwin's argument, since neither the variability of the

organism and the struggle for existence nor the great antiquity of

life upon the globe can be contested.

The variability of forms is a firmly established fact
; so, too, is the

struggle for existence. Now if we add the operations of natural

selection to these two factors, we are able to understand the origin

of varieties. If we imagine the same process which has led to the

formation of varieties continued through a greater number of genera-

tions and effective through a longer period of time and we are the

more justified in making use of these long periods of time, since

with their help astronomy and geology have been enabled to explain

many phenomena the diverging characteristics will become more and

more marked, and will at last gain the value of distinctive species-

characters.

In still greater periods of time the species will become so far

separated from one another by the simultaneous disappearance of

the intermediate forms that they will represent different genera.

Accordingly the greater differences of organization which are ex-

pressed in the higher divisions of the system, such as orders and

sub-orders, etc., require a longer interval of time for their accom-

plishment, and an extinction of a greater number of intermediate

forms. Finally, the different ancestral forms of the classes of a

group may be referred to a common starting-point ;
and since the

different groups of animals are connected by many intermediate forms,

the number of the ancestral forms becomes much reduced.
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The undifferentiated contractile substance, sarcode or protoplasm^
was probably the starting-point of all organic life.

If these suppositions are correct, species no longer retain the signifi-

cation of independent and immutable units, and appear, according to

the great law of evolution, only as transient groups of forms, capable
of change, and confined to longer or shorter periods of time, to definite

conditions of life, and preserving, as long as these conditions do not

vary, a constancy in their essential characters. The different categories

of the system show the closer or more remote degree of relationship ;

and the system is the expression of genealogical relationship founded

upon descent. All systems, however, must be imperfect and full of

gaps, since the extinct ancestors of organisms living at the present
time can only be very imperfectly supplied by the geological record

;

numerous intermediate forms are wanting and finally no traces of

organic remains from the most ancient periods are preserved.

Only the ultimate twigs of the enormously ramified ancestral tree

are accessible to us in sufficient number. Only the extreme points

of the twigs are completely preserved ;
while of the numerous rami-

fications of the branches only the existence of a stump here and

there has been demonstrated. Hence it appears quite impossible, in

the present state of our knowledge, to attain to a sufficiently sure

representation of this natural genealogical tree of organisms ;
?nd

while we admire the bold speculations of E. Haeckel's genealogical

attempts, it must be admitted that at present there is room for

innumerable possibilities in detail, and that subjective judgment
holds a more conspicuous place than objective certainty of fact.

Hence we must be contented for the present with an incomplete

and more or less artificial arrangement ; although the conception of

the natural system theoretically is established.

When the fundamental arguments -of the Darwinian theory of

selection and the transmutation theory founded upon it are submitted

to criticism, it is soon apparent that direct proof by investigation

is now, and perhaps always will be, impossible; for the theory is

founded upon postulates which cannot be submitted to direct inquiry.

Periods of time which cannot be brought within the limits of human

observation are required for the alteration of forms under natural

conditions of life
;
and the extremely complicated interactions, which

in the natural state under the form of natural selection are tending

to change plants and animals, can only be grasped in a general sense,

while in their details they are practically unknown to us.

Further, plants and animals which are under the influence of
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natural selection are entirely inaccessible to the experiments of man,

and the relatively few forms which man has, in a greater or less

space of time, brought completely within his power, have been and

are being altered and modified by the so-called artificial selection.

The action of the natural selection, in Darwin's sense, is therefore

in general incapable of direct prof, and even for the origin of

varieties can only be illustrated and rendered probable by hypothe-

tical examples. Against this we must, however, set the fact that

there is a great probability in favour of the correctness of the

theories of descent and transmutation of species, which have never

received better support than from the natural selection theory of

Darwin ; and that this probability is supported, not only by the

whole weight of morphological evidence, but also by the testimony

of Palaeontology and of geographical distribution.

EVIDENCE IN FAVOUR OF THE THEORY OF DESCENT.

If the transmutation of species is to be regarded as an hypothesis,

because it is incapable of being demonstrated by direct observation,

then its value depends upon its correspondence with the facts and

phenomena of nature.

Evidence from Morphology. The whole of Morphology tends to

show the correctness of the theory of transmutation of species. The

degrees of resemblance between species which was for a long time

expressed by the metaphorical term "
relationship)" and which rested

upon an agreement in more or less important characteristics, led

to the establishment of systematic groups, of which the highest, the

kingdom or type, was founded upon a similarity in the most general

features of organization and development. The agreement of numerous

animals in the general plan of their organization, e.g., the common

possession by fishes, reptiles, birds, and mammals of a rigid column

forming the axis of the body, and the dorsal position in regard to

this of the central nervous system and the ventral positioa of the

organs of nourishment and reproduction, are very well explained,

according to the theories of selection and descent, by the derivation of

.all Vertebrates from a common ancestor possessing the characteristics

of the type, while the supposition of a plan of the Creator renounces

all explanation. In like manner is explained that similarity of

characteristics by which the remaining groups and sub-groups, from

class to genus, are distinguished, as well as the possibility of dividing

all organized* beings into groups subordinated the one to the other.
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The impossibility of a sharply defined classification is also rendered

comprehensible by the theory of descent. The theory requires the

existence of forms transitional between intimately and remotely

allied groups ;
and explains, as a result of the disappearance, in course

of time, of numerous types which have been worsted in the struggle

for existence, the fact that groups of equal value are of such various

extent, and are often only represented by single forms.

It is not only systematic characters, but also the innumerable

facts brought to light by the science of Comparative Anatomy which

point to a nearer or more remote relationship between the different

groups. For example, if we examine the structure of the extremities

or the brain of Vertebrates, we find, in spite of considerable differ-

ences (sometimes bridged over by intermediate forms) in the various

groups, that in all they are built upon a common type of struc-

ture. This type is found very variously modified and more or

less differentiated in each secondary group, according to the different

functions which the organ has to fulfil and according to the exigencies

of the mode of life to which each species is subjected. In the fin of

the whale, in the wing of the bird, in the anterior limb of the

quadruped, and in the human arm it can be shown that there are

present the same bones, here short and broad and immoveably con-

nected, there elongated and jointed in different ways to allow of

corresponding movements, sometimes with every part fully developed,

sometimes simplified in one way or another, and partly or entirely

rudimentary.
Evidence from the facts of Dimorphism and Polymorphism.

The phenomena of dimorphism and polymorphism in the same

species, and the sexual differences which have been developed in

animals originally hermaphrodite, may be quoted as important evi-

dence of the extensive influence of adaptation.

Male and female forms differ not only in the fact that the former

produce spermatozoa and the latter ova, but they exhibit numerous

secondary sexual characteristics connected with the different func-

tions which the male and female respectively have to perform. The

existence of these secondary characteristics can in all cases be

satisfactorily explained by means of natural selection. We may

therefore, in a certain sense, speak of a sexual selection *
by means

of which the two sexes have been, in course of time, gradually sepa-

rated from one another, not only in peculiarities of form and organiza-

* Ch. Darwin. " The Decent of Man, and. Selection in Eolation to Sex,"

Vol. I. and II. London IS71.
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tion, but also in habits of life, in such a way as to favour the

preservation of the race. Since the male sex generally has to take

a more active part in the acts of copulation and fertilization it is

comprehensible that the male form should differ more from the young
than the female which supplies material for the formation and

nourishment of the embryo and is charged with the care of the

progeny. Very frequently the male sex is capable of quicker and

more facile movements
;

in many Insects the male alone has the

power of flight, while the female remains without wings (fig. 97).

In the strife which the males of similar species have to wage for

the possession of the females, those individuals which are most

favoured by their organization (in respect of strength, capability for

motion, prehensile organs, beauty, organs for production of sound,

etc.) will prove the conquerors ;
while those females which possess

properties especially favourable to the prosperity of the offspring will

best fulfil their task.

At the same time variations in the duration of development, in

the mode of growth and structure, may in a more passive way be

favourable under the special conditions of life of the species. The

secondary sexual characters may sometimes acquire such importance
as to lead to essential and deeply engrained modification of the

organism, and to a true sexual dimorphism (males of Hotifera with no

digestive tube, dwarfed males of Bonellia, TricJiosomum crassicauda).

It is a significant fact that dimorphism of sex reaches its highest

extreme in parasites. In many parasitic Crustacea (Sijrftonostoma)

such extreme cases, in which the large shapeless females have lost

the organs of sense and locomotion, and even segmentation, while

the males are small and dwarfed, are connected by numerous inter-

mediate forms ; and the circumstances which have operated as the

cause of this sexual dimorphism are not far to seek. The influence

of favourable conditions of nourishment which parasites enjoy does

away with the necessity of rapid and frequent locomotion, increases

in the female the capacity of producing reproductive material, and

brings about such an alteration of form that the power of locomotion

is diminished and the organs of movement atrophy and may com-

pletely vanish. The body acquires an unwieldy, shapeless character

in consequence of the enormous size of the ovary which is filled with

eggs, and throws out outgrowths and processes into which the ovaries

project, or else acquires an unsymmetrical saclike form. The seg-

mentation is lost and the limbs degenerate ;
the slender moveable

abdomen which, when the animal was free-swimming, was an essen-
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tial aid to locomotion, is reduced more and more till it becomes a

short, unsegmented stump. The appearance of such a parasite is so

strange that one can easily comprehend how it was that formerly

one of these abnormal groups, the Lerncece, was placed among the

endoparasitic Worms, or even among the Mollusca.

The more the female remains behind the type of its fully-developed,

free-living allies, so much the more do the two aexes become morpho-

logically remote from one another, for the form and organization of

the male also are affected by the changed conditions of life, but in

a different manner.* In the male sex the more favourable and

abundant nourishment may not affect the necessity of locomotion

and the development of the locomotive organs in so direct a manner,
since the sexual activity of the male and the necessity for locomotion

in order to select a female remain unaltered. Even when locomo-

tion is reduced and rendered difficult, parasitism, does not, in the case

of the male, lead either to a complete loss of segmentation or to such

unsymmetrical growths as we observe in many female parasitic Crus-

tacea. The large quantity of generative material produced, which

in the female is of the greatest importance for the preservation of

the species, and which therefore favours the development of a large,

shapeless, unwieldy body, .is the less conspicuous in the male because

a very small quantity of sperm serves for the fertilization of an

enormous number of ova.

Thus, then, the extreme degree of parasitism in the male, even

when accompanied by a confined and more creeping mode of loco-

motion, does not lead to an excessive increase in size nor produce
an unsegmented and strange form of body, but, on the contrary,

gives rise to the symmetrically formed, dwarfed pigmrcan males.

This extreme state is, however, connected with the normal state by
numerous intermediate steps. Thus we find in the Lernrcopods that

the size of the male Adheres is only slightly reduced, while the true

dwarfed males of the Lemceopoda and Chondracanthidce are attached,

lilje small parasites (fig. 98), to the posterior end of the female body,

which is relatively enormously large. The preparation of a large

amount of sperm which implies the possession of a large body, would

only be a useless expenditure of material and time in the life of the

species, and this must have been avoided by the influence of natural

selection.

In addition to this sexual dimorphism we find in various groups
of animals especially in the insects which live together in great

*
Compare C. Clans,

' Die freilebcnden Copepoden." 1363.
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societies, the so-called animal communities a third group of indi-

viduals (sometimes even divided into several series of forms) which

are without generative organs and are incapable of reproduction, but

which assume the functions of protecting, of providing nourish-

ment for the community, and of caring for the young. Adaptive

peculiarities suitable for the discharge of these functions are

apparent in their structure and organization. These sterile indivi-

duals are in the Hymenoptera aborted females. Among the ants

they are divided into workers and soldiers. Amongst the Termites

they are derived from both males and females, in which the genera-

tive organs are reduced. Sterile individuals are also found amongst
animals (Fishes) which do not form communities, and were formerly
taken for particular species and described as such. Polymorphism is

most highly developed in the Hydroids which are united in stocks

the Sipkonophora.
The numerous cases of dimorphism and polymorphism in either

sex of the same species, should be regarded from the same point of

view. Dimorphic females among insects have been observed, e.g., in

the Malayan PapUionidce (P. Memnon, Pamnon, Ormenus), in cer-

tain species of Hydroporus and Dytiscus, as also in the Neurotemis, a

genus of the Neuroptera. In these cases, as a rule, one of the

female forms is more nearly related in form and colour to the male

form whose peculiarities it has assumed. In other cases the

differences are more connected with climate and season (seasonal

dimorphism of butterflies), and also affect the male animal. They

may be connected with the different forms of reproduction (pai'then-

ogenesis), and lead to the phenomenon of heterogamy (Chermes

Phylloxera, Aphis). Much more rarely we find two kinds of males

\\jdth dissimilar secondary sexual characters connected with copula-

tion, as in the case of the " smellers" and "claspers"* described by
Fritz Miiller in the Isopoda (Tanais dubius).

Evidence from Mimicry. Another series of phenomena which

may probably be referred to useful adaptation is the so-called

mimicry. Certain animal forms come to resemble other widely-

distributed species, which are protected by any peculiarity of

form and colour, so closely that they seem to have copied them.

The cases of mimicry _
which have been principally made known by

Bates and Wallace are directly connected with the protective

resemblances mentioned above ; that is, the resemblance of many
animals in colour and body shape to the objects amongst which they

* Fritz Mliller,
" Facts for Darwin," p. 22.
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live. For example, amongst the butterflies certain Leptalidce resemble

in outward appearance and in mode of flight a species of the family

HtUconius (fig. 110), which appears to be protected from the pursuit

of birds and lizards by a yellow disagreeable-smelling fluid, and

share the same locality with the above-mentioned .species. The

most perfect instances of mimicry are found in the Tropics of the

Old World, where the Danaidce and Acrceidce are imitated by the

Papilionidre (Danais niavius, Papilio hippocoon Danais echeria,

Papilio cenea Acrcea gea, Panopcea Jiirce). Cases of mimicry fre-

quently occur between insects of different orders ; butterflies imitate

the form of Hymenoptera, which are protected by the possession of

stings (Sesia bombyliformis Bombus hortorum, etc.) In the same way
certain beetles resemble bees

and wasps (Charis melipona,

Odontocera odyneroides), and

the Orthopteran genus Con-

di/lodera tricondyloides from

the Philippines is like a genus
of Cicindelce (Tricondyla).

Numerous Diptera have the

form and colour of stinging

Sphegidce and Wasps. Also

among Vertebrates (Serpents

and Birds) some examples of

mimiciy are known.

Evidence from Rudimen-

tary Organs. Rudimentary

organs, too, which are so

common, are satisfactorily ex-

plained by the theory of selec-

tion as the result of non-

employment of such organs. Organs which were formerly functional

have gradually or even suddenly become functionless as a result of

adaptation to special conditions of life, and, through want of exercise,

have, after the lapse of generations, become weaker and finally aborted

or degraded (Parasites). We cannot, however, assert that rudimentary

organs are in all cases useless. They have, on the contrary, often

gained secondary functions, though this may be difficult to demon-

strate.

We find, for instance, in certain snakes (Pythonidai) that there

are small processes armed with claws at the sides of the anus (anal

FIG. 116. a, Leptalis Theonoe, var. Lcuconot

(Pieris). b, lihomia Ilerdina (the mimicked
Heliconias). (After Bates.)
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claws). These are the hind limbs which have become rudimentary,
and which do not subserve locomotion but, in the male at least, assist

ia copulation. The blind worms possess a rudimentary shoulder

girdle and breast bone, although the anterior extremities are want-

ing : these bones may be connected with the need of protecting the

heart, or may aid in respiration. When we see that the upper
incisor teeth are developed in the foetus of many ruminants, and that

these teeth are never cut, and that the embryos of the whalebone

whales have the rudiments of teeth in their jaws, which they soon

lose and never make use of in mastication, it is much more rational

to ascribe to these structures a part in the growth of the jaw than to

hold them for wholly useless. The rudimentary wings of the penguin
are employed as oars, those of the ostrich as aids to running and as

weapons for protection. The rudimentary stumps of the kiwi, on

the contrary, appear valueless. In many cases we are not in a

position to assign any function or value to rudimentary organs.
Evidence from Embryology. The results of embryology too, i.e.,

the individual development from the ovum to the fully developed

form, are in complete agreement with the Darwinian theories of

selection and descent. The fact that the animals belonging to one

type have, as a rule, embryos which are much alike and undergo a

similar developmental process, and that the closer the relationship
between the adult forms the greater the similarity in their develop-
ment (with some remarkable exceptions)', supports the conception of

a common ancestry and the hypothesis of differing gradations of blood-

relationship.

If the groups of different value which correspond to the divisions

and subdivisions of our classification are genetically derived from
more or less remote ancestral forms, then the individual develop-
ment will present so many the more common features the closer the

forms stand to their common ancestor.

The fact that animals which differ much from one another and

exist under very different conditions of life show an unusual agree-
ment in their post-embryonic development up to a more or less late

period (the free Copepoda, parasitic Crustacea, Cirripedia), is in no wise

opposed to the theory, but may be explained by the influence which

adaptation has exerted not only during the period of sexual life,

but also during each developmental period, causing changes which

have been inherited in corresponding periods of life.

The phenomena of metamorphosis afford numerous proofs of the

fact that the adaptation of the embryonic form is as complete as
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that of the adult
;
and we can thus understand how larvae of many

insects belonging to different orders can present great resemblances

to one another and be unlike the larvae of insects of the same order.

While as a general rule the development of the individual is an

advance from a simpler and lower organization to one more complex
which has become more perfect by a continued division of labour

among its parts and we shall later find a parallel to this law of

perfection of the individual in the great law of progi-essive perfection

in the development of groups yet the course of development may,
in particular cases, lead to numerous retrogressions, so that we may
find the adult animal to be of lower organization than the larva.

This phenomenon, which is known as retrogressive metamorphosis

(Girripedia and parasitic Crustacea), corresponds to the demands of

the selection theory, since under more simple conditions of life, where

nourishment is more easily obtained (parasitism), degradation and

even the loss of parts may be of advantage to the organism.

Again, the facts of embryonic development, when considered in

relation to the gradations expressed in the system are in complete
accord with the theory of evolution. Numerous examples may be

cited to prove that features, not only of the simple and more

primitive, but also of the more perfectly organised groups of the

same type, are reflected in the successive phases of foetal life. In

the case of a complicated free development by metamorphosis, which

is usually correlated with an unusual simplification of the foetal

development within the egg-membranes, the relation of the successive

larval stages to the allied smaller groups of the system, to the

genera, families and orders, is more direct and striking. For example,

in the early stages of the embryonic development of mammals certain

structures occur, which in the lower fishes endure throughout life.

Later stages show peculiarities which correspond to the characters of

amphibia. The metamorphosis of the frog begins with a stage which

in form and organization and mode of locomotion agrees with the fish

type ;
and this stage is succeeded by numerous other larval stages

in which the characters of the other orders of Amphibia (Perenni-

branchiata, Salamandrinidae) and of individual families and genera of

the same are repeated.

This undeniable likeness between the successive stages of individual

development and between allied groups of the system allows us to

institute a parallel between the former and the evolution of the

species. The evolution of the species finds, it is true, a most imper-

fect expression in the relationship of the systematic groups, and can
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only bo inferred from the history of the past for which palaeon-

tology affords us but slight material.

This parallel, which naturally presents numerous greater or smaller

variations in detail, is explained by the theory of evolution, according

to wrhich the developmental history of the individual appears to be

a short and simplified repetition, or in a certain sense a recapitulation,

of the course of development of the species.'
1'

The historical record preserved in the developmental history of

the individual must often be more or less blurred and obscure on

account of the many adaptations which have occurred during the

embryonic development, or during larval life. Especially in those

cases where the peculiar conditions of the struggle for existence

demand a simplification, the development will take a more direct course

from the ovum to the perfect animal, will be thrown back into an

earlier period of life, and finally will be completed before the animal

is hatched, until, in absence of a metamorphosis, the historical record

is completely suppressed. On the contrary, in the cases of progres-

sive transformation where the larval states are gradually modified

and live under similar conditions of life, the history of the species

will be less imperfectly reproduced in that of the individual.

Evidence from the Facts of Geographical Distribution. Unlike

the facts of morphology, those of geographical distribution raise

great difficulties for the theory principally because the phenomena
are very complicated and our experiences are still too limited to permit
of our establishing general laws. The present distribution of plants

and animals over the surface of the earth is clearly the combined

result of the earlier distribution of their ancestors and of the geologi-

cal changes which have since taken place, the modifications in the

extent and position of land and water, which must have had an

influence on the fauna and flora.

Accordingly the geographical distribution of plants and animals f

appears intimately connected with that part of geology which has

for its aim the investigation of the most recent occurrences in the

formation of the earth's crust and its contents. It cannot,

therefore, be confined to an examination of the areas of distribution

of the animals and plants of the present day, but must take cogni-

zance of the distribution of the remains, enclosed in the most recent

formations, of the nearest relations and ancestors of living forms, in

* Fr. Miillcr. "Fur Darwin," Leipzig, 1804.

f A.E.Wallace. "The Geographical Distribution of Animals," London, 1870.

P. L. Sclater,
' Address to the Biological Section of the Brit. Association,' Is 7.3.
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order to find an historical explanation of the known facts of distribu-

tion. Although in this sense the science of animal geography is still

in its infancy, yet numerous and important phenomena of geographical

distribution receive a satisfactory explanation according to the theory

of transmutation of species on the supposition of migrations and

gradual changes brought about by natural selection.

It is a most important fact that neither the resemblance nor the

want of resemblance of the animals inhabiting different localities

can be completely explained as the result of climatic and physical

conditions. Closely allied species of plants and animals often appeal-

under very different natural conditions, while a completely different

fauna and flora can exist in a similar climate and on a similar soil.

On the other hand, the extent of the difference between two fauna

is closely connected with the limitations of space and the barriers

and hindrances to free migration. The Old arid New Worlds, which,

leaving out of consideration the polar connection, are completely

separated, have in part a very different fauna and flora, although

with regard to the climatic and physical conditions of existence there

are innumerable parallels which would equally favour the prosperity

of the same species.

In particular if we compare the districts of South America with

regions situated in the same latitude and possessing the same climate

in South Africa and Australia, we find three faunas and floras which

differ considerably, while the natural productions from different

latitudes of South America with entirely different climates are

closely allied. Here the northern animals are indeed specifically

different from the southern, but belong to similar or nearly allied

genera with the peculiar stamp characteristic of South America.

Zoological Provinces. The surface of the earth can be divided

into from six to eight regions according to the general features of

the terrestrial and fresh-water fauna. These regions can indeed only

be considered as a relative expression for large natural districts of

distribution, since they cannot be applied to all groups of animals

in the same manner, and it is impossible that they should differ in

like degree and in the same direction. There must also be inter-

mediate regions combining the characteristics of the neighbouring

regions with peculiarities of their own
;
and the question must arise

whether these should not be taken as independent regions.

The merit of having first established a natural division of the

earth into zoological regions and sub-regions belongs to Sclater. This

naturalist founded his system on the distribution of birds, and dis-
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tinguished six regions, the limits of which agreed fairly well

with the distribution of Mammalia and Reptilia. These regions

are

(1) The Palaictrctic Region Europe, the temperate part of Asia,

and North Africa as far as Mount Atlas.

(2) Nearctic Region Greenland and North America as far as

North Mexico.

(3) The Ethiopian Reyion Africa, south of Atlas, Madagascar,
and the Mascarenes with South Arabia.

(4) The Indian Region India south of the Himalayas, to South

China, Borneo and Java.

(5) The Australian Region Celebes and Lonibok eastward to

Australia, and the South Sea Islands.

(6) The Neotropical Reyion South America, the Antilles, and

South Mexico.

Other naturalists (Huxley) have since shown that the four first

of these regions have a much greater resemblance to one another

than any one of them has to the Australian or South American

regions; that New Zealand is entitled by the peculiarities of its

fauna to be considered as forming a region by itself ; finally, that a

eircunipolar
*

province should be formed equal in value to the Palte-

arctic and Nearctic.

Wallace objects to the establishment either of a New Zealand or of

a circumpolar region, and advocates the adoption of the six regions

of Sclater on practical grounds, but suggests the modification that

since the South American and Australian are much more isolated,,

the regions should not be of equal value.

These regions are bounded by extended seas, lofty mountain ranges,.

or vast sandy deserts, and obviously such boundaries do not constitute

effective barriers to the migration of all animals, but allow certain

groups to pass from one region to another.

The obstacles to immigration and emigration appear in certain.

places, at all events in the present time, to be insurmountable ;

* Andrew Murray, on the contrary, in his work on the geographical dis-

tribution of Mammalia in 1866, distinguishes only four divisions the Palajarctic,

Indo-African, the Australian, and the American. Rutimeyer recognises in addi-

tion to the six provinces of Sclater a Mediterranean and Circumpolar province.
J. A. Allen ("Bulletin of the Museum of Comparative Zoology, Cambridge,"
vol. ii.) proposes to distinguish eight regions, in connection with " the law of

circumpolar distribution of life in zones :

"
(1 ) Arctic realm

; (2) North Temper-
ate realm

; (3) Tropical American realm ; (4) Indo-African Tropical realm
;

(5) Tropical South American realm
; (6) Temperate African realm

; (7) Aut-

arctic realm
; (8) Australian realm.

11
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but in past ages, when the divisions of land and water were

different, they must have been, for many forms of life, easily

surmountable. The expression "centre of creation," which has

long been used in the sense of a tolerably defined district of dis-

tribution or better still, Riitimeyer's word,
" centre of distribution"

has as a fundamental idea the endemic appearance of definite

groups of typical species and their gradual extension * towards

the boundaries of the said region, a conception which harmonizes

well with the theory of the origin of species through gradual
alterations.

The same laws apply also to the distribution of the inhabitants of

the sea. Great seas studded with islands which serve to confine the

land animals may favour the migration of marine species, while

extended continents, which allow their inhabitants to wander freely

over them, confine the sea animals within limits which cannot be

passed. A great number of sea animals live only in the shallow

water round the coast, and their distribution thus often ccoincides

with that of the land animals
;
whereas the animals found on the

opposite coasts of great continents are very different. For example,

the sea animals of the east and west coasts of South and Central

America differ to such a degree that, with the exception of a series

of fishes, which, according to Giinther, are found on both sides of

the Isthmus of Panan a, only a few forms are common co the two

coasts. In the same way we find that the marine inhabitants of

the east insular district of the Pacific differ completely from those of

the west coast of South America. If, however, we advance to the

west of this part of the Pacific till we come to the coast of Africa

in the other hemisphere, we find that the fauna of this extensive

district cannot be so sharply distinguished. Many s-pecies of fish

are found from the Pacific to the Indian Ocean. Numerous Mollusca

of the South Sea Islands live also on the east coast of Africa, almost

beneath the opposite meridian. In this case the limits of distribu-

tion are not impassable, as numerous islands and coasts afford a rest-

ing place to wandering inhabitants of the sea. In respect of the

different haunts of the inhabitants of the sea, we must make a dis-

tinction between the littoral animals, which are distributed along the

coasts, and live under different conditions and at different depths on

the bottom of the sea,, and the pelayic animals, which swim on the

sui'lace.

*
Compare Riitimeyer's Essay,

" Uebcr die Herkunft unserer Thierwelt."

Basel and Gcnf. 1867.
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But there also exists, at considerable depths and on the bottom

of the sea, a rich and varied animal life. This has only lately been

brought to our knowledge principally by the deep-sea explorations

from North America, Scandinavia, and England. In place of that

want of animal life which we should on a priori grounds expect

to find, we see that numerous lowly organised animals of the

most different groups are able to exist even at the greatest

depths. Besides the lowest sarcode animals of the Forarninifera

(Globigerina ooze), we find especially silicious sponges, certain corals,

Echinoderms, and Crustacea.* The representatives of the latter

are in part of low type, but gigantic, and many of them blind.

It is also a fact of more than ordinary interest, as showing the

continuity of living creatures from successive geological forma-

tions up to the present time, that the deep sea animals are allied

to ancient types which occur in Mesozoic formations, especially in

chalk.

Evidence from Palaeontology. The results of geological and

palceontological inquiry give us a third great series of facts in

support of the theory of slow alterations of species and the

gradual development of genera, families, orders, etc. The firm

crust of our earth is formed of numerous and enormous rock

strata, which have been deposited in a definite series by water in

course of time, and also of the so-called volcanic or plutonic rocks,

masses which have been forcibly ejected from the molten interior

of the earth. The former or sedimentary deposits, which have under-

gone numerous alterations in the originally horizontal arrangement
of their strata as well as in the petrographies! condition of their

rocks, contain a quantity of the fossilized remains of former plants

and animals which have become buried in them, and thus afford an

historical record of a rich fauna and flora which existed during the

earlier periods of the earth's development. Although these so-called

fossils have made us acquainted with a very considerable number of

ancient organisms presenting great diversity of form, ret they only

constitute a very small portion of the enormous quantity of living

beings which have at all times existed upon the earth. They

suffice, however, to teach us that a different fauna and flora existed

at the time when each individual deposit was being formed, and that

*
Compare Wyville Thomson,

" The depths of the sea. An account of the

general results of the dredging cruizes of the Porcujjine and Lii/htni>ig, during
the summer months of 1868, 1869, 1870." London, 1873. Also the results of the

Cliallcnyer expedition 1874-1876.



1G4 A1EA>'I>'G OP THE SYSTEM.

the deeper a stratum comes in the series, that is, the earlier it

appears in the history of the earth, so much the more its fauna and

flora differ from those of the present time. The more nearly one

stratum follows another in the series, the closer the relationship

between their respective fossils. Every sedimentary formation

possesses characteristic fossils which appear very frequently ;
and

from these, taking into account the succession of strata and the

petrographic characters of the rocks, the place occupied by the

stratum in the geological system can be denned with tolerable

accuracy.

Without doubt the characters of the fossils and the relative posi-

tions of the strata are the most important aids to the determination

of the geological age of the deposit ; at any rate they furnish a more

reliable criterion than does the structure of the rocks. The idea

entertained in earlier times that rocks of the same period always

possessed a similar, and rocks of a different period a dissimilar

structure, has lately been given up as erroneous. Stratified or

sedimentary deposits have arisen in every period under similar condi-

tions. In past times, as at the present time, they were caused by
the deposition of clay, of fine or coarse sand, of fine and coarse dclris,

by chemical precipitation of carbonates and sulphates of lime and

magnesia, of silica and oxide of iron, and by accumulation of solid

animal and vegetable remains. These have become transformed only
in course of time into such hard rocks as argillaceous and calcareous

schists, limestone, sandstone, dolomite, and conglomerates of many
kinds ; as the result of many causes, such as mechanical pressure of

superincumbent masses, increase of temperature, internal chemical

processes, and so forth.

Even though the peculiar structure of rocks may in many cases

afford good ground for conjecture as to the relative age, yet

it is certain that deposits of similar age may show an entirely

different petrographical character ; and, on the other hand, that

deposits of very different ages may have given rise to rock forma-

tions that can be scarcely or not at all distinguished from one

another.

The old idea that deposits of the same age must everywhere contain

the same fossils, could only be maintained as long as geological inves-

tigations were confined to small districts. Similarly the idea, closely

connected with the former, that the various geological formations,

characterised by a series of definite strata, are entirely independent

of one another, no longer obtains credit. The various forma-
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tions,* as the group of strata of one district of distribution and belong-

ing to one period are named, cannot be divided petrographically or

: The following table may serve for a bird's-eye view of the geological periods
anil their most important formations :

QUARTIARY PERIOD
/ 7T7 -7 7 177 7

(JJiluinal and Alluvial

Formations)

TERTIARY PERIOD

(C'aiitozuic Formations).

(alluvh .
and fresh-water

\

SECONDARY PERIOD

(Mesozoic Formation).

SECONDARY PERIOD
ic formations).

Postpllccene or Diluvial Period (erratic boulders,

glacial period).

f Pliocene Period (subappenine formations, bone sand
of Eppelshcim, etc.)

I Miocene Period (Molasse, Tegel near Vienna, brown
coal in North Germany, etc).

Eocene Period J
Flycb ' ^ummulitc formation

{ of the Paris basin.

plaestricht strata, white chalk,

") upper green sand. Gault,
lower green sand, Weald.

/

Purbeck strata, Portland stone,

Kimmeridge clay, Coral Rag,
Oxford clay, Groat oolite,

Lower oolite, Lias (white,

brown, and black jura).

Keuper or upper new red sand-

stone, Muschelkalk (upper

Muschelkalk, gypsum and

anhydrite, Wellenkalk, Bun-

ter Sandstein).

Cretaceous Period

Jurassic Period

Triassic Period

PALEOZOIC PERIOD

(PitLc'ozoio Formations]

Permian \ Zcchstein, Rothliegcndes.
lower new red sandstone.

Coal Measures of England,

Carboniferous J Germany, and North

Period I America, Kulmformation,
Carboniferous limestone.

Devonian Period (Spirifereuschiefer, Cypridinen-

schiefer, Stryngocephalenkalk, etc. old red sand-

stone.)

Silurian Period (Ludlow, Wenlock, strata, etc.)

Cambrian Period (slate, etc.)

( Thonschiefer, Laurentian formations. Mica schist,

(
Older Gneiss formations.

According to Professor Eam&ay the groups of formations in England have a

thickness of 72,584 feet, i.e., about 13| Engl'shmiles ;
that is, formations of the

Palaeozoic period have a thickness of 57,154 ~\

Secondary 13,190 } 72,584 feet

Tertiary 2,21 Oj

ARCH.EAM PERIOD
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paljeontologically from each other in such a manner as to lend support

to the hypothesis of sudden and mighty revolutions and catastrophes

destroying the whole living world. We may rather assert with cer-

tainty, that the extinction of old species and the appearance of new

ones has not taken place at the same time at all points of the surface

of the earth, for many species extend from one formation into

another, and a number of organisms persist from the tertiary period

to the present time, but little altered or even identical. Just as the

commencement of the recent epoch is hard to define, and cannot be

sharply separated from the diluvial period by the character either

of its deposits or of its fossils, so it is with the remoter periods of

the earth's history, which are founded, like periods of human history,

upon great and important occurrences, and yet are in direct con-

tinuity.

Lyell has proved in a convincing way on geological grounds that

there were no sudden revolutions extending over the whole surface

of the earth, but that changes took place slowly, and were confined *

to separate localities; in other words, that the past history of the

earth consists essentially of a gradual process of development, in which

the numerous forces which may be observed in action at the present

day have, by their long continued operation, had an enormous total

effect in transforming the earth's surface.

The reason for the irregular development of strata and for the

limitations of formations is principally to be sought in the interrup-

tion of depositions, which, though widely distributed, were only of

local importance. Were it possible that a single basin of the sea

should have persisted during the whole period of sedimentary forma-

tion and under singularly favourable circumstances have formed new

deposits in persistent continuity, then we should find a progres-

sive series of strata interrupted by no gaps, which we should be

unable to classify according to formations. Such an ideal basin

would include only a single formation, in which we should find

representatives of all the other formations of the surface of the

earth.

* "
Every sedimentary formation was extended at the time of deposition over a

confined territory, confined on the one hand by the extent <>f the sen or fresh-

water basin, and on the other by the different conditions favourable to the depo-

sition iiv^'de the basin. At the same time, in other places entirely or at any

rate somewhat differently stratified formations (/>., formations of the same age,

but of different composition) resulted. Thus marine, fresh-water, and swamp
formations have been deposited at the same time from different rocks and with

different fossils, while the land surface has remained fiee." Comp. 1'.. Cotta,
" Die Geologic der Gegenwart."
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In reality this ideal continuous series of strata is interrupted by
numerous and often large gaps, which determine the petrographicaJ
and palseontological differences, often strongly marked, between

successive strata, and correspond to periods of inactivity, or, as

may happen, to periods when the results of sedimentary action

have been again destroyed. These interruptions of local deposits

are explained by the constant alterations of level which the

surface of the earth has undergone in every period in consequence
of the reaction of the molten contents of the earth against its firm

crust.

As we see in the present time that wide tracts of country are

gradually sinking (west coast of Greenland, coral islands), while

others are being slowly elevated (west coast of South America,

Sweden) ; that strips of coast line are suddenly submerged beneath

the sea by subterranean forces, and that islands as suddenly appear;
so it was in earlier periods. Elevation and depression were at work,

perhaps uninterruptedly, causing a gradual, more rarely a sudden

(and then locally confined) interchange between land and sea.

Basins of the sea rising with gradual movement became dry land and

rose up first as islands, and afterwards as connected continents, the

different deposits of which, with their included fossils, bear witness

of the sea which once covered them, On the other hand, great
continents sank beneath the sea, leaving perhaps their highest moun-

tain peaks appearing as islands, and again became the seat of fresh

deposition of strata. In the first case there would be an interruption
of deposit, while in the latter there would result, after a longer or

shorter period of inactivity, the beginning of a new formation. Since,

however, elevations and depressions, even though affecting districts of

great extent, must always be locally confined, the commencement and

interruption of formations of equal age have not taken place every-

where at the same time. Deposits continued a long time on one tract

after they had ceased on another; hence the upper and lower boun-

dary of equivalent formations may show great want of uniformity,

according to the different locality. This explains how it is that for

mations lying one above the other are composed of strata of very
variable thickness, and why we can only in rare cases supply the gaps
in the series of these strata from strata found in other countries.

The whole succession of formations known to us up to the present
time is not sufficiently complete to form an entire and uninterrupted
series of the sedimentary formations. There are still numerous and

important gaps in the geological record which we may expect to
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see filled in future days, when knowledge has increased, and per-

haps only when formations now beneath the sea have become known
to us.

Imperfection of the Geological Record. After the foregoing dis-

cussion we may consider that the continuity of living organisms in

the successive periods of the earth's development and their close

relationship has been proved partly by geological and partly by
palseontological facts. The theory of descent, however, according to

which the natural system must be regarded as a genealogical tree,

requires still further proof. It requires proof of the presence of

numerous forms, transitional not only between the species now

existing and those in the more recent formations, but also between
the species in all those formations which have immediately succeeded
one another in point of time. The theory also demands proof that

forms connecting the different groups of plants and animals of the

present day have existed. The establishment and limitation of these

groups can, according to Darwin, only be explained by the extinction,
in the course of the earth's history, of numerous and intimately
connected species. Palaeontology is only able imperfectly to comply
with these demands

;
for the numerous closely graduated series of

varieties which, according to the theory of selection, must have

existed, are, for the greater number of forms, entirely wanting in

the geological record.

This want, however, which Darwin himself recognised as an

objection to his theory, loses its importance when we consider the

circumstances under which organic remains were generally deposited
in mud, and preserved for succeeding ages in a fossil form

;
when

we recognise the facts which indicate the extraordinary incomplete-
ness of the geological record, and which show that the intermediate

forms must have been in part described as species.

First of all we can only expect to find in deposits the remains of

those organisms which possessed a firm skeleton supporting the softei

parts of the body, since it is only the harder structures of the body,
such as the bones and teeth of Vertebrates, the calcareous and
silicious shells of Molluscs and Rhizopods, the shells and spines of

Echinodernis, the chitinous skeleton of Arthropods, etc., which are

able to resist rapid decay, and to undergo gradual petrifaction.
Thus the geological record will fail to provide us with any account of

the numerous and principally low organisms which are not pro-
vided with firm skeletal structures.

But also among those organisms which are capable of becoming
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fossilized, there are large groups which have only exceptionally left

traces of their existence : these are the animals which lived on land.

Fossil remains of land animals can only have survived when, during

great floods or inundations, or for some reason or other their carcasses

have been carried away by the water, floated hither and thither, and

been surrounded finally by hardening mud. This explains not only

the relative scarcity of fossil Mammalia, but also the fact that of

the most ancient Marsupials (Stonesfield slate), scarcely anything
is preserved but the underjaw, which, as the body decayed, was

easily detached, and, on account of its weight, offered most resist-

ance to the current of the water, and was the first part to sink to

the bottom. Although it has been shown by such remains that

Mammalia existed in the Jurassic period, yet the Eocene forms

are the first which give us an insight into the details of their

structure.

Circumstances must have been more favourable to the preservation

of fresh-water animals, and most of all to that of marine animals,

since the marine deposits have a much greater extent than the

locally confined fresh-water deposits. Thick formations seem in

general to have arisen under one of two conditions : either in a very

deep sea, protected from the operation of winds and waves, no

matter whether the bottom was gradually rising or sinking- in this

case, however, the strata would be relatively poor in fossils, since

only the inhabitants of the deep sea, which is comparatively wanting
in animal and vegetable life, would be preserved or in a shallow sea,

in which the bottom underwent a gradual and continued depression

during long periods of time favourable to the development of a rich

and varied fauna and flora. In this case the sea would have retained

uninterruptedly its rich fauna so long as the gradual sinking of

its bottom was counteracted by the continual supply of sediment

deposited upon it. Thick formations, all 01 most of the strata of

which are rich in fossils, must have been deposited in extended and

very shallow regions of the sea, during a long period of gradual

depression.

Thus the great gaps which occur in the series of palseontological

remains are explained by a consideration of the mode of origin of

deposits. These remains must necessarily be confined to the more

recent formations. The lower, more ancient, and very thick succes-

sions of strata in which the remains of the oldest fauna and flora

must have been buried, seem to have been so completely altered by
the heat of the molten interior of the earth, that the organic
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residua which they contain have been completely destroyed, or so

altered that they cannot be recognised.

In any case it may be regarded as certain, that only a small part of

the extinct animal and vegetable world has been preserved in a

fossil state, and that of this we only know a small part. Therefore

we cannot conclude that, because the fossil remains of intermediate

stages cannot be found, they have never existed.

It is true that transitional forms are wanting in the strata where

they should have occurred, that a species suddenly appears in the

middle of a series of strata and suddenly disappears, and that whole

groups of species make their appearance and quickly vanish, but the

value of these facts as arguments against the theory of selection

is diminished by the circumstance that in certain cases series of

transitional forms between more or less remotely related organisms

have been found, and that many species have been developed in

course of time as links between other species and genera ;
and again,

that species and groups of species not unfrequently increase very

gradually till they attain an unusually wide distribution, extend

into later formations, and then gradually di appear again. Such

positive facts have a higher value when we consider the incomplete-

ness of fossil remains.

It will suffice here to refer to the Ammonites and Gasteropods,

such as Valvata multiformis, as examples supplied to us by Palaeon-

tology of transitional forms which can be arranged in a gradual

series.

Relation of Fossil Forms with Living Species. The close rela-

tionship of the plants and animals of the present time to the fossil

remains of recent formations is a fact of great importance. In

particular, we find in the diluvial period and in the different tertiary

formations the ancestral forms from which numerous living species

are directly descended : and further the characteristic features of the

fauna of any particular geographical province in the present epoch

are foreshadowed by the fauna of the epoch immediately preceding in

the same region ;
a fact which is proved by the fossil remains we find

buried in the most recent strata.

Many fossil Mammalia from the diluvial period and the most recent

(pliocene) tertiary formations of South America belong to types of the

order of Edentata which are now distributed in that part of the world.

Sloths and Armadillos of immense size (Meyatherium, Megalonyx,

Glyptodon, Toxodon, etc.) formerly inhabited the same continent, the

mammalian fauna of which in the present day is so specially charac-
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terised by its Sloths, Armadillos, and Anteaters. In addition to

these gigantic forms, small and extinct species have been found in

the bone caves of Brazil, and some of these are so nearly related to

the living forms that we may assume them to have been their

ancestors.

This law of the " succession of similar types
"
in the same localities

is also exemplified by the Mammalia of New Holland
;
for in the

bone caves of that country are found many species nearly allied to

its present Marsupials. The same law holds good for the gigantic birds

of New Zealand, and, as Owen and others have shown, for the Mam-
malia of the Old World, which, indeed, is continuous by the circum-

polar region with North America ; and ancient types were able, in the

tertiary period, to pass into North America, and vice versd by that

way. The presence of Central American types (Didelphys) in the

early and middle tertiary formations of Europe is to be explained

in the same way. It is even more difficult to distinguish the regions

of distribution of the animals of that time than of those of the later

tertiary period.

The evolution of the ancient forms into those of the present

time was effected in the case of the lower, simply organised animals

at a much earlier period than in the case of higher organisms.

Rhizopods, indistinguishable from species living at the present
time (yloligerina ooze] were already living in the Cretaceous period.
The deep sea explorations

* have accordingly yielded the interesting

result, that certain Sponges, Corals, Molluscs, and Echinoderms now

living in the deep sea existed in the Cretaceous period. We meet
with a number of living species of Molluscs in the oldest tertiary

period, though the mammalian fauna of this period differs completely
from that of the present day. The greater number of species of

Molluscs found in the recent tertiary period resemble those of the

present day, but the Insects of that time differed considerably from

living species.

On the other hand, the Mammalia, even in the post-pliocene

(diluvial) deposits, differ in part both in genera and species from

those of the present day, although a number of forms have been

preserved through the glacial period. On this account, and on

account of the relative completeness of the tertiary remains, it is

*
(JRhisocrinus Lofotensis Apytcrinites, Plcurtoninri<i, Sijilionia, Jfirraster,

PomiK'in-i*. rtc.) Types of earlier and even of the older geological formations
have been found preserved hi the depths of the ocean, which, in spite of the great
pressure, the want of light and deficiency in gaseous contents of the water, are
more suited to the development of animal life than was formerly
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especially interesting to trace the recent mammalian fauna back

through the pleistocene forms to the forms of the oldest tertiary

period. It is possible to trace the ancestry of a number of mam-

malian species. Riitimeyer was the first to undertake to trace out the

ancestral line of the Ungulata, and especially of the Rnminantia,

so as to obtain a palreontological developmental history, and succeeded

in obtaining results, by means of detailed geological and anatomical

(deciduous teeth) comparison, which leave no room to doubt that

whole series of species of existing mammalia are collaterally or

directly related with each other and with fossil species. Rutimeyer's

investigations have received corroboration in their essential points

from the recent comprehensive works of W. Kowalevski, and have

resulted in the establishment of a natural classification of the ungulate
animals founded on phylogeny.

n

FIG. 117. Bones of the feet of the different genera of the Equ'd<r (after Marsh), a. Foot of

Orohippus (Eocene), b, Foot of Anchithtrhim (Lower Miocene), c, Foot of Jlipparion

(Pleiocene). d, Foot of the recent genus Equus.

In addition to these works we have the recent researches of

Marsh, who has completed to an extraordinary degree our knowledge
of the genealogy of the genus Equus, by numerous discoveries

(fig. 117) in America (Wyoming, Green River, White Hirer). The

eocene Orohipjjus, in which the small posterior toes were present as

well as the three principal toes which rested on the ground, was

succeeded in the Lower Miocene formation by Anchitherium with

three hoofs
;
and the latter was followed by the Hipparion of the

Pleiocene formations
;
and this is the ancestral form of the existing

genus Equus.
The origin of most orders of Mammalia, such as Rodentia, Cheirop-

tera, Proloscidea, Cetacea, etc., cannot be clearly traced out, but

for certain orders, as the Prosimice, Carnivora, Ungulata, and Jio-
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dentia, remarkable transitional forms have been discovered among
the remains of extinct types. These also appear most prominently

among the tertiary remains of North America. In the Eocene

period here (Wyoming) lived the Tillodontia with the genus Tillu-

therium,* characterized by having a broad skull like a bear, two broad

incisor teeth like a rodent, and molar teeth like Palceotherivm, and

feet having five toes armed with strong claws. It thus united in

its skeletal structure peculiarities of Carnivora and Ungulata. The

Dinocerata (Dinoceras laticeps mirabile) were powerful Ungulates
with five-toed feet with six horns on their heads, without incisors in

the prsemaxillary bone, with strong sabre-like canine teeth in the

upper jaw and with six molars.

A third type, that of the Brontotheridce attained elephantine

proportions, and was provided with transversely placed horns in front

of the eyes. In addition to the foregoing there are a number of

other groups of Mammals now completely extinct, the remains of

which extend back into far earlier strata. Amongst them are the

South American Megatheridce (Mylodon, Megatherium], which belong

to the order Edentata, and the Toxodonlia, whose skull and dentition

show relations to the Ungulates, Rodents, and Edentates. Many
other types, however, especially of the Ungulates, which during the

tertiary period inhabited both hemispheres, are now extinct in

America, but still exist in the East. Elephants, Mastodonta,

Rhinoceridse, and Equidse existed in America in the diluvial but

not in recent periods. Of the Perissodactyles the group of Tapirs

alone is preserved in America. This group has also been preserved

in the Eastern hemisphere in the East Indian species.

In the palsearctic region also are found the remains of extinct

intermediate groups of Mammals which existed during the tertiary

period. In the Phosphorites of Quercyt in the south of France are

found the remains of the skulls of Prosimise (Adajns), the dentition

of which is intermediate between the ancient Ungulates and the

Lernurida; (Pachylemuridce], so that the question may be raised

whether the Prosmriae had not a common ancestry with several

*
Compare 0. C. Marsh, "Principal Characters of the Tillodontia." Amei:

Journal of Science and Art, Vol. xi., 1876.

0. C. Marsh, "Principal Characters of the Dinocerata." Amcr. Journal oj
Science and Art, Vol. xi.. 187(5.

0. C. Marsh. "
Principal Characters of the Brontotheridse." Amer. Journal

of Science and Art, Vol. xi., 1876.

f Compare H. Filhol,
' Recherches sur les Phosphorites du Quorcy, fjtiulc

des fossils qu'on y rencontre et specialement dea Mammifcres." Ann. Science*

i'S,
Vol. vii., IS 76.
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eocene Ungulates (Pachydermata). In the same locality are found
the well preserved remains of the bones of peculiar Carnivora which
are well worthy of remark. These are the Hyaenodonta. It was for

a long time doubtful whether they were Marsupials or not, until

Filhol showed from the reserve teeth of their permanent dentition

that they were probably of the nature of placental Carnivora. The

great agreement of the molars of these Hyaenodonta with those of

the carnivorous Mar-

supials, as well as the

small size of the skull

cavity and the rela-

tively slight develop-
ment of the brain,

support the view,

which is also rendered

probable by many
other circumstances,

that placental Mam-
malia have developed
from the Marsupials
of the mesozoic

period.

In the oldest strata

of the Eocene forma-

tions in both hemi-

spheres, the higher

placental Mammalia

already appear in a

rich variety of forms,

which contrast mark-

edly with one another

(Artiodacti/la, Peris-

sodact i/ln). There is,

FIG. 119 . rteroJacfyJita cratss'.rostris (after GoMfuss) about
one-third natural size.

however, no ground
for regarding the immeasurable period from the oldest Eocene to the

Keuper, in which the oldest Mammalian remains (the teeth and
bones of insectivorous Marsupials) have been found, as the period in

which tlnis higher development of the Mammalian organism has been

effected.

In other cases also the science of palaeontology has led to the

diseovery of intermediate forms between groups and even between
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classes and orders. The Ldbyrinthodonta, the most ancient of the

Amphibia, found as early as the carboniferous period, present many
piscine characters (ventral exoskeleton), and have a cartilaginous

skeleton. Many fossil orders and sub-orders of Saurians (Halo-

sauridce, Dinosauridce, Pterodactylidice (fig. 118), Thecodontidce) have

not left a single representative in the present day ;
others again are

transitional between recent orders. Such a relation has, for example,
been recently shown between the "

Pythonomorphous
"
lizards (related

to the genus Mosasaurus) from the chalk in America, and serpents

so far as the structure of the skull and jaw is concerned.

Owen's researches on the fossil Reptiles of the Cape have shown

that certain Reptiles (Theriodonta) once lived there which showed

a close resemblance to carnivorous Mammalia with regard to theiro

dentition and the structure of their feet. The teeth of theso

animals, though only furnished with one root, can be divided into

incisors, canines, and molars, a fact which induces us to believe it

possible that the dentition of the most ancient Marsupials hitherto

known (Keuper) may have been derived from that of a Theriodon-

like Reptile.

Even as regards birds, a class so uniform in structure and so

sharply denned, a form (Archceopteryx lithographica) (fig. 119)

transitional between them and Reptile has been discovered in the

Sohlenhofen slate, although the impression was not perfect. In this

form the short tail of the bird is replaced by a long reptilian tail

composed of numerous (20) vertebrse and provided with two rows

of feathers (Saururce). The articulation of the vertebral column

and the structure of the pelvis indicated an affinity to the long-taikd

Pterodactyls.

The discovery of a second and more perfect specimen of Archceop-

teryx has made known to us its dentition. It had sharp-pointed

teeth wedged into the jaws. Other types of birds have also been

found in the American chalk, which diverge more widely among
themseves and from the Saurians than do the birds of any living

order. These were defined as Odontornithes by Marsh,* and dis-

tinguished as a sub-class
; they had teeth in the jaws, which latter

were elongated to form a kind of beak. Some of them (Order

Ichthyornit-lces) had bicoelous vertebrae, a crista sterni, and well

* 0. C. Marsh,
" On a new sub-class of fossil Birds

American Journal of Science and Art, Vol. v., 187:-!.

O. C. Marsh,
" On the Odontornithes, or birds with teeth/' American.

Journal of Science and Art, Vol. x.. 1875.
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developed wings (Ichthyomis). Others (Odontolcce) had teeth

FIG. Hi). Archa-ojit ryj: lithtgraphiea.

bedded in pits, normal vertebrae, no keel to the breast-bone, and

rudimentary wings. They were not capable of flight
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Lestornis). Possibly in future days we shall be able by the dis-

covery of new types to establish the connection with the Dino-

saurians (Cotnpsoynathus), the formation of whose pelvis and feet

offers a closer relationship to those parts in birds.

Advance towards perfection. If we compare the animal and

vegetable life of the most ancient formations with that of the sueO

ceeding periods of the earth's development, it becomes evident that

there has been, on the whole, a continual progress from a lower to a

higher condition. The oldest formations of the so-called archaean

time, the rocks of which are for the most part in a metamorphic

state, must from their enormous thickness have occupied immea-

surable time in their origin. They contain no fossil remains which

can be recognised with certainty as such ; although the presence of

bituminous gneiss in the old formations is a proof of the existence

of organic bodies at that time. All the organisms of these mostO <3

ancient periods, which were certainly numerous, have been de-

stroyed without leaving any further traces than the Graphite

deposits of the crystalline schist. In the most ancient and very

extensive groups of strata we find exclusively cryptogamous plants,

especially Fuci, winch formed extensive forests beneath the sea.

The warm, seas of the primary period were inhabited by numerous

sea animals of very different groups, such as Zoophytes, Molluscs

(especially Brachiopodci), Crustaceans (larva-like Hymenocaris, Trilo-

bites), and Fishes whose peculiar armoured forms (Cephalaspidce)

indicate a low stage of organization. In the coal formations we

meet for the first time with the remains of land animals, Amphibia

(Ajmtheon, Archegosaurus), with a notochord and a cartilaginous

skeleton
;
we also find Insects and Spiders; and in the Permian

formations we meet with large lizard-like reptilian forms (Protero-

saurus); while fishes, exclusively Elasmobranchs and Ganoids with

a notochord, and vascular cryptogamous plants (Tree-ferns, Lepido-

dendra, Calamites, Sigillaria, Stigmaria) still predominate.
In the carboniferous period isolated instances of the Lizards

amongst Vertebrates and of Coniferas and Cycacliai amongst plants

had already made their appearance ;
but in the secondary period they

obtained such a preponderance that the whole period has been named

from them the period of Saurians and Gymnosperms. Amongst
the first the colossal Dinosaurians living upon the land, the flying

Lizards or Pterodactyls, the Halosaurians, with their best known

genera Ichthyosaurus and Plesiosaurus, are entirely peculiar to the

second, i ry period.

12
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Examples of Mammalia, although scarce, are found in the upper
Triassic beds, and also in the Jurassic. Such Mammalia belong

without exception to the lowest grade of Marsupials. Flowering

plants appear for the first time in the chalk, as do the oldest remains

of distinctly bony fishes.

Flowering plants and Mammalia and amongst the latter the

highest order of Apes is represented so preponderated in the

tertiary period that it has been called the period of leafy forests and

Mammalia. The plants and animals of the upper tertiary beds show

a gradually increasing resemblance to those of the present time, the

higher we ascend in the series. Numerous lower animals and plants

are identical, not only generically but also specifically with those

now living, and the genera and species of the higher animals have

a greater resemblance to those of the present time. With the

transition to the diluvial and recent epoch, the number and area of

distribution of the higher types of flowering plants increase, and in

every order of Mammalia we find forms whose structure is specialized

more and more in definite directions, and which therefore appeal-

more perfect. In the diluvial age we find the first unmistakable

traces of the existence of Man. His history and the development of

his civilization has occupied only the last portion of the recent period

which has been relatively so short.

Despite its great incompleteness the geological record affords

sufficient material to prove the existence of a progressive develop-

ment from simple and lower grades of organization to higher, and

to confirm the law of a progress towards perfection in the succession

of the groups. We are indeed unable to make use of more than

a small period of the time that has been occupied in this progress

towards perfection of organisms, since the organic world of the most

ancient and extensive periods has completely disappeared from the

record.

If, after the above discussion, we consider the hypothesis of Trans-

mutation of Species and of Descent to have a firm foundation on fact,

*ve must concede a high value to Darwin's theory of Selection as an

explanation of the manner in which the transmutation of species has

been effected.

There are yet natural historians who admit the great changes

which the animal and vegetable world have undergone, and yet

combat the Darwinian principle of Selection, without being able to

give any other explanation. The phenomena of gradual progress

towards perfection agree very well with the theory of Selection.
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Natural Selection leads, on the whole, to a progressive differentiation

of organs (division of labour), since it preserves any peculiarities

which are of use in the struggle for existence, and thus tends to the

perfection of the organism. We can therefore connect the progress

of simple types to higher ones with the principle of utility implied

by Natural Selection, without being obliged, with Niigeli, to have

recourse to the obscure notion of an inexplicable tendency towards

perfection. It is the latter mystical supposition, and not Natural

Selection, which is contradicted by the fact that we find a number of

Rhizopods, Molluscs, and Crustacea
(e.g.,

the genera Lingula,

Nautilus, Limulas) have existed almost without alteration from the

earliest formations through all the geological periods to the present

time, and by the observation of a retrogression of organization in

the course of development (e.g., retrogressive metamorphosis of

Parasites).

Nor again can it be objected that on the hypothesis of Natural

Selection the lower types should have been long ago suppressed

and have become extinct, while, as a matter of fact, there are higher

and lower genera in every class, and the lowest organisms are

nun-erous and widely distributed. It is precisely the great variety

in the degrees of organization which brings about and is favourable

to the greatest development of life, all the forms of which, both the

higher and the lower, being best suited to their peculiar circumstances

are able, more or less perfectly, to occupy a special place in nature,

and in a certain sense to maintain it. Even the most simple

organisms occupy a place in the economy of nature which can be

filled by no other organisms, and are necessary to the existence of

numerous higher grades.

However well grounded we admit the theory of Selection to be, we

cannot accept it as in itself sufficient to explain the complicated and

involved metamorphoses which have taken place in organisms in

the course of immeasurable time. If the theory of repeated acts

of creation be rejected and the process of natural development be

established in its place, there is still the first appearances of organisms
to be accounted for, and especially the definite course which the

evolution of the complicated and more highly developed organisms
has ta'ken has to be explained. In the many wonderful phenomena
of the organic world, amongst others in the origin of Man in the

diluvial or tertiary period, we have a riddle the solution of which

must remain for future investigators.



SPECIAL PART,

CHAPTER VI.

PROTOZOA.

Animals of simple constitution and small size
;

u-ithout tissues com-

posed of definite cells. Sexual reproduction by means of ova and

spermatozoa unknown.

From a morphological point of view the Protozoa have remained

at the stage of cells, in the protoplasm of which one or more nuclei

may be present. The phenomena of segmentation of the egg and

formation of the germinal layers are therefore absent from their

development. The body is always composed of a contractile granular

substance, filled with vacuoles ; it may also contain a pulsatiny vacuole,

and present the phenomenon of granule currents. The pulsating

vacuole consists of a space without walls filled with a clear iluid.

This space apparently diminishes and disappears through the contrac-

tion of the surrounding plasma, and then re-appears.

There exists, however, in the varying differentiations in the

interior of the sarcode body, and in the differences in the external

boundary, and in the manner of nourishment, a number of modi-

fications which we shall use for the foundation of groups. In the

simplest cases, the entire body consists of a small lump of sarcode,

the contractility of which is confined by no firm external membrane.

This lump of sarcode is sometimes semi-fluid, and protrudes mid

retracts processes. It is sometimes of tougher consistence in parts,

and protrudes hair-like rays and threads (Rhizopoda). Nourishment

fakes place through the intussusception of extraneous bodies, which

can be surrounded and enclosed by the protoplasmic substance at any

portion whatsoever of the periphery of the body. In other cases the

body which sends out slender processes (pseudopodia) secretes

-ilicious or calcareous needles, lattice-work sho]ls, or shells perforated
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by holes, to shelter and protect the body (Foraminiferd, Radiolaria).

In the Infusoria, the sarcode body is bounded by an external mem-

brane, and is capable of quick and varied locomotion by means of the

movements of the cilia, hairs, bristles, etc., which it possesses. The

solid nourishing matter is taken in through a mouth, and the

remainder, after digestion, passes out through an anal aperture.

CLASS I. RHIZOPODA.*

Protozoa without external investing membrane, the parenchyma of

which protrudes and retracts processes ; as a rule, a calcareous shell or

silicious skeleton is secreted.

The body-substance of these animals, the shells of which were

described as Foraminifera or Polythalamia, long before their living

contents were

known, consists

of sarcode, and

is without any

boundary mem-

brane.

The body-

substance,
which is richly

granulated and

contains pig-

nient, contracts

slowly and
sends out at the

same time fine

thread -like rays

(fi^ 120) for

the most part

of a semi-fluid

cons is te ncy

(pseudopodia} ; and these serve not only as a means of movement but

also for the reception of nourishment. The pseudopodia may, how-

*
Dujardin, "Observations sur les Rhizopodes" (Comptes rendits, 1835).

Ehrenberg.
" Tiber noch jetzt zahlreich lebende Thierarten der Kreidebildung

und den Organisms der Polythalamien" (Abhandlung der AJtad. ru
Berlin^

1839). Max Sigin. Schultze,
" Uber den Organismus der Polythalamien"

(Leipzig, 1854). Joh. Miiller.
" Uber die Thalassicolen, Polyoystinen und Acan-

thometfen" (1858). E. Haeckel, "Die Radiokrien" (Eine Monographic.

Berlin, 1 862).

Flr" 120. Optical section through portion of the sarccde body of

Actinosphaerium Eichhornii (after Hertwig and Leaser). N, nuclei

jn t,ne endosarc, from which the vacuolated ectoaarc ifl clearly dis-

tinguishable. In the centre of the pseudopodia the axial thread is

visib'.c.
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ever, be broad, lobed, or finger-like processes by means of which a

quick and flowing motion can be imparted to the body mass. A
tougher, clear homogeneous external layer (Exoplasni) is usually to

be distinguished as the peripheral boundary from a more fluid and

more granular internal mass (Endopktsm). During motion the

former is projected in processes into which the granules of the latter

stream more or less quickly.

In the stiffer pseudopodia streams of granules are observable, slow

but regular, passing from the base to the extremity and vice rersd.

The explanation of these movements is to be sought in the contractility

of the surrounding portions of sarcode (fig. 120).

A pulsating space, the contractile vacuole, is not unfreqently to be

found in the sarcode, e.g., Difflugia, Actinophrys, Arcella (fig. 121).

Nuclei are also usually present in the sarcode, by which the morpho-

logical value of the Rhizopod body as cell or as cell aggregate is

placed beyond all doubt. There are

also forms in the protoplasm of

which no traee of a cell nucleus has

been found. In such either the

protoplasm of the nucleus is not yet

differentiated as a separate structure

Monera of E. Haeckel), or we

have to do with a transient, non-

nucleated stage in the life-history.

V J^'T ,.-:- -v ;:"/ The sarcode usually secretes sili-

Ki
""

cious or calcareous structures, either

as fine spicula and hollow spines

which are directed from the centre
\i

to the periphery in regular order
Pl - 1C1rff

mta IVf?fT
a
V'^y '

and number, or as lattice-work
podia (after Fr. E. Schultze). N, Nu-
cleus. PP. pulsating vacuole. chambers (Itadiolariu), which often

bear points and spines, or finally

as single and many chambered shells with finely perforated walls

(Foraminifera) and one larger opening. Through this last (fig.

123), as well as through the countless pores of the small shells (fig.

122), the slender threads of sarcode pass out to the exterior as

pseudopodia, changing without intermission in form, size, and

number, and often joining themselves together in delicate networks

(figs. 122, 123).

The pseudopodia, by their slow, creeping movements, afford a means

of locomotion, while they also serve for the taking up of nourishment
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by surrounding and transporting into the interior of the body small

vegetable organisms .3 Bacillaria. Among the shell-bearing forms,

the reception and digestion of food takes place outside the shell in

the peripheral threads and networks of sarcode
;
for each spot on the

surface can for the time being assume the functions of mouth, and

mi i i / >
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:

!
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/
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/
:
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FIG. 122.- Botalia ven.ta (after M. Schultze), with a DIaton taken in the network of

Pseudopoclia.

also of anus, by rejecting the undigested remnant?. The Rhizopoda
live for the most part in the sea, and contribute by the accumulation

of their shells to the formation of the sea sand, and even to the

deposition of thick strata. An innumerable quantity of fossil forms

from various and very ancient formations are known.
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Order 1. FORAMINIFERA.*

Rhizopoda, either naked or with a shell, the shell almost invariably

calcareous and usually pierced with fine pores for the exit of the

pseudopodia.

Only in rare cases, for instance Nonionina and Polymorphina, is

the shell substance of a silicious nature
;
in all other forms it is

Fio. 123. ttnera, with network of pseudopodia (after IT. Schultzc).

membranous or consists of a calcareous deposit in a basis of organic
matter. The shell is either a simple chamber, usually provided with

a large opening, or is many chambered, that is, is composed of

numerous chambers arranged upon one another according to definite

laws. The spaces of these chambers communicate by means of narrow

* Besides D'Orbigny, Max Schultze, 1. c., compare W. C. Williamson,
" On the

recent Foraminifera of Great Britain," London, 1858. Carpenter. "Intridur-
tion to the Study of the Foraminifera," London. 18G2. Rvuss, "Eutwurf eiuer

system. Zusammeustellung der Foraminiferen," Wien, 1S61.
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passages and large openings in the partition walls. In like manner

those portions of the living sarcode body which are enclosed in the

individual chambers are in direct communication with one another

by means of processes which pass through the passages and openings
in the septa, and connect one portion with another. The quality of

the body-substance, the mode of movement and nourishment, agree

closely with those which have been depicted as characteristic of the

order. Our knowledge of the mode of reproduction is imperfect.

Amongst the forms without a shell, fission has been observed as well

as fusion, which may perhaps be referred to a species of sexual

reproduction (conjugation). The reproduction of shell-bearing

Poraminifera such as Miliola and Rotalia has also been observed.

The former produces from the protoplasm, of its body single

chambered, the latter three-chambered, young. Probably this mode

of reproduction is preceded by an increase in the number of nuclei,

and the animal divides into as many portions as there are nuclei,

each of which becomes a young Foraminifer, and contains but one

nucleus.

In spite of their small size, the shells of our simple organisms may
lay claim to no small consequence, since they not only accumulate in

enormous quantity in the sea sand (M. Schultze* calculated their

number for an ounce of sea sand from Molo di Gae'ta at about one and a

half millions), but are also found as fossils in different formations (the

cretaceous and tertiary), and have yielded an essential material to the

construe :ion of rocks. Silicious nodules of Polythalamia are ever;

found in Silurian deposits. The most remarkable, on account of

their considerable size, are the Nummulites (fig. 124) in the thick

formation of the so-called ISTummulite limestono (Pyrenees). A coarse

chalk of the Paris basin, which makes a : excellent building stone,

contains the Triloculina trigonula (Miliolite chalk).

The greater number of Foraminifera are marine, and move by

creeping on the bottom of the sea, but Globigerina and Orbulina have

been met with on the surface. The bottom of the sea at very consider-

able depths is also covered with a rich abundance of forms, especially

with Globigerina, the remains of the shells of which give rise to an

enduring deposit.

1. Sub-order: Lobosa (Amocbiformes). Amoeba-like fresh-water

Rhizopoda, usually with pulsating vacuole, sometimes naked, some-

times with a single-chambered firm shell. The sarcode body consists

as a rule of a tougher exoplasm and a fluid granular endoplasm.
The pseudopodia are lobed or finger-shaped processes of considerable
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size, occasionally tougher slender processes without granule streams

(figs. 125 and 12G).

Amcela prinrrps Ehrbg., A. tcrricola Greef., Pet/tlnjrtis diffvfi'tcnx Clnp.

Lachm. Here should also be placed the famous Batlujliux Haecltdi Huxl.,

which is found in the' deep sea mud of the Atlantic Ocean, if it is indeed a

living organism (and not simply a deposit of Gypsum).
Arcella vulgaris Ehrbg., Difflugia proteiformis Ehrbg., Evglyplia ylolotn

Cart, have shells and tough, pointed, dichotomously branching pseudopodia

(fig. 125).

FIG. 12t. Xummulitic Limestone, with

horizontal ection of N. d.stam (iiflcr

Zittell).

FIG. 126.

oblonga (after Steii,)-

Fio. 125. Euglyp'a <jl<l:a

(after Hcitwig ami Lesse;).

FIG. 127. AcerwHua g

(alter M. Schultze).

2. Sub-order : Reticularia (Thcdamopkora). Principally marine

Mhizopods with extremely slender anastomosing pseudopodia, with

granule streams in the latter, rarely naked (Protogenes, Lieber-

kuhnia), iisually with memVjranous or calcareous shell, which is

single-chambered (Ifonolhalamia) or many-chi^nbered (Polytludamia)

(tig. 127).
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1. Imperforata. With membranous or calcareous shell, which is without fine

pores, but possesses, in one place, an opening, either simple or sieve-like, through
which the pseudopodia project. To these belong the GromidfP, with a mem-
branous chitinous shell : Gromia or Iformis Duj., and Miliolidtf, with a

porcellanous shell : Cornuspira planorl>is M. Sch., Miliola cyclostoma M. Sch.,

from the Miliolite chalk.

2. Perforata. The shell, which is usually calcareous, is invariably pierced with

innumerable fine pores as well as by one larger opening, and has complicated

passages in the partition walls of its chambers.

The La-geniJce have a hard shell, with a large opening surrounded by a

toothed lip : Lagena vulgaris Williamson.

The Globigerinidce on the contrary have a hyaline shell pierced by large

pores, and a simple slit-like open-

ing : Orlulina universa D'Orb.,

Ghibif/crina bulloides D'Orb.,
Ilutnliti D'Orb., Textularia

D'Orb.

The greatest size is attained

by the JVumiiiU/iifl(p, which

possess a firm shell and an in-

ternal skeleton, which last is

pierced by a complicated canal

system : Polystomella Lam.,
Niiinmulina D'Orb.

Order 2. HELIOZOA.*

Fresh-water Rhizopods

usually with pulsating vacu-

ole, and one or more nuclei.

A radial silicious skeleton

sometimes present.

The sareode body sends

out in all directions tough

radiating pseudopodia (fig.

128). When a skeleton is

secreted, it consists either of

radially arranged silicious

spines (Acanthocystis) or of latticed silicious shells (Clathrulina),

and so closely resembles the skeleton -of the Radiolaria that the

Heliozoa have been actually described asfresh-water Radiolaria,

They differ from the Radiolaria in the absence of the complicated

* L. Cienkowski,
" Ueber Clathrulina" Arcliio. fur mikrosb. Anatomic,

Tom III., 1867. R. Greeff,
" Ueber Radiolarien und radiolarienahnliche

Ehizopoclen des siissen Wassers." Tom V. & XT. R. Hertwig urid Lesser,
" Uber Rhizopoden und denselben nahe stehende Organismen." Suppl. Tom
X., 1871. Also Arohcr and F. E. Schultze, etc.

Pro. 12S. Young ActinospJitErium, stil-1 with ;i,

single nucleus (aftei F. E. Sehultze). N, Nucleus.
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differentiations of the sarcode, particularly of tlie centra] capsule.

One or more nuclei may be present in the central mass. An im-

portant distinguishing mark is afforded by the presence of the

pulsating vacuoles, which have not been observed in any marine

Radiolarian.

The reproduction very frequently takes place by fission, occasionally

FIQ. 129. Thalasslcolla pelagica, with central capsule and single largenucleus, also numerous

alveoli in the protoplasm (after E. Haeckel).

after previous conjugation of one or more individuals, also during

encystnient. Multiplication by spores has also been observed

(Clathrulina).

In the Actinojthryidcn there is no skeleton secreted : AetinospTicerivm

Eiclihornii Ehrbg. The central matter contains numerous nuclei. Actinoplirys

sol Ehrbg. of small size, with a single central nucleus.

In the AcantUocystidee slender silieious spikes are found : Acantliocysti*

aplnife.rn Greeff. with .silicious spikes and needles.

In CJathrulinaihcTQ is a latticed silicious shell, and the body has a stalk

Clathrulina elrgans Cienk.
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Order 3. RADIOLARIA.*

Jfarine Rhizopoda with complicated differentiation of the sarcode

body, loith central capsule and radial silicious skeleton.

The sarcode body contains a membranous porous capsule (the

central capsule), in which is contained a tough slimy protoplasm

with vacuoles and granules (intracapsular sarcode), fat and oil

globules, and albuminous bodies, and more rarely crystals and con-

cretions. The intracapsular mass contains also a single large nucleus

or several small nuclei. The sarcode which surrounds the capsule

and which emits on all sides simple or anastomosing pseudopodia,

contains numerous yellow cells, sometimes pigment masses ; and in

some cases delicate trans-

parent vesicles, or alveoli,

are found in the peripheral

layer between the radia-

ting pseudopodia (Thalas-

sicolla pelagica, fig. 129).

Many Radio!aria form

colonies, and are composed

of numerous individual?.

[n such colonies the al-

veoli are placed in the

common protoplasm,
which contains in itself,

not as in the monozoic

Radiolaria a single cen-

tral capsule, but a number

of capsules. Only a few

species remain naked and without firm deposits ;
as a rule, the soft

body possesses a silicious skeleton, which either lies entirely outside

the central capsule (Ectolithia)
or is partially within it (Entolithia).

In the most simple cases the skeleton consists of tanall, simple, or

toothed silicious needles (spicula) united together, which sometimes

give rise to a fine sponge work round the periphery of the proto-

plasm, e.fj., Physematium. In a higher grade we find stronger hollow

silicious spicules, which radiate from the middle point of the body

to the periphery in regular number and order, e.g., Acanthometra

* Job. Miiller,
" Ueber die Thalassicollen, Polycystinen und Acanthomctrcn,"

Abh. tier Bcrl. ATtad. 1858. E. Haeckel,
il Die Radiolarien," Eine Monographic

Berlin, 1802.

FIG. 130. Acanthonxfra MilUeri (after B. Haeckel).
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\

(fig. 130). A fine peripheral framework of spicules may be added to

these. In other cases simple or compound lattice-works, and pierced

shells of various external form (like helmets, bird-cages, shells, etc.)

are found, and on the periphery of these, spicules and needles, and

even external concentric shells of similar shape may be formed,

e.g., Polycystina (figs. 131 and 132).

Up to the present time but little has been made out about the

reproduction of these animals. Besides fission (Polycyttaria), the

formation of spores has been observed. These are formed from the

contents of the central capsule, and, after the bursting of the latter,

become free-swimming mastigopods. Radiolaria are inhabitants of

the sea, and swim at the

surface, but are also

able to sink to deeper

levels.

Fossil remains of Ra-

cliolaria have been made

known in great numbers

by Ehrenberg, e.g. from

the chalky marl and

polishing slate found at

certain parts of the coast

of the Mediterranean

(Caltanisetta in Sicily,

Zante and u.-Egina in

Greece), and in particu-

lar from the rocks of

Barbados and Nikobar,

where the Radiolaria

have given rise to widely

extended rock formations. Samples of sand also from very con-

siderable depths have shown themselves rich in Radiolarian

shells.

I. JliiiJitiJiiria monozoa. Endiolaria which remain solitary.

1. Fam. Thalassicollidae. Skeleton absent or consisting of single spicules

not joined together. Thalassicolla (without skeleton) nuclcata Huxl., Physt--

inatinm MiiUi'ri Schn.

2. Fam. Polycystinidae. The skeleton consists of a simple or divided latticed

shell, the long axis of which is bounded by two poles of different structure.

IIdiospli(era. Euci/rtidium galca E. Haeck.

3. Fam. Acanthometridae. The skeleton consists of several radial spicules

which pass through the central capsule and unite in its centre, without forming

1'iG. 131. JIeliospJ>nra echinoidis (after E. Haeckel).
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a latticed shell. The extra-capsular cells [yellow bodies] are wanting. Acantlio-

tuetra pelliicida Joh. Miill.

II. Pvlycyttaria. Kadiolaria which form colonies with several central capsules-

Amongst the Sphserozoa a skeleton is wanting or consists of single pieces not

joined together. Collozoum inermc E. Haeck. Spliesrozoum punctatum Joh.

Mlill. In Collosphara the skeleton consists of simple latticed spheres, each of

which encloses a central capsule, Collosphcsra Huxleyi Joh. Miill.

\

\

FIG. Io2 Eucyrtidium cranoidtm (after E. Haeckel).

CLASS II. INFUSORIA.*

Protozoa with a definite form and provided with an external

membrane, bearing eitherflagella or cilia. Mouth and anus usually,

contractile vacuole and one or more nuclei always present.

Infusoria were discovered towards the end of the 17th century

*
Ehrenberg,

" Die Infusionsthicrchen als vollkommene Organismen," 1838.

Balbiani, "Etudes sur la Reproduction des Protozoaires," Journ. da la Phy*..

Tom. III. Balbiini, "Recherches sur les phenomeiies sexuels des Infusohv-.''
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in a vessel of stagnant water by A. von Leeuwenhoek, who made

use of a magnifying glass for the examination of small organisms.

The name Infusoria, which was at first used to denote all animalcule

which appear in infusions and are only visible with the aid of a

microscope, was first brought into use by Ledermiiller and Wrisberg
in the last century. Later on the Danish naturalist 0. Fr. Miiller

made valuable additions to our knowledge of Infusoria. He observed

their conjugation and their reproduction by fission and gemmation,
and wrote the first systematic work on the subject. O. Fr. Miiller

included a much larger number of forms than we do now-a-days,

for he placed among the Infusoria all invertebrate water animal-

cule without jointed organs of locomotion and of microscopical

size.

The knowledge of Infusoria received a new impulse from the

comprehensive researches of Ehrenberg. The principal work of this

investigator, "Die Infusionsthierchen als vollkornrnene Organismen,"
discovered a kingdom of organisms hardly thought of. These were

observed and portrayed under the highest microscopic powers. Many
of Ehrenberg's drawings may even yet be taken as patterns, and are

hardly surpassed by later representations, but the significance of the

facts observed has been essentially corrected by more recent investi-

gations. Ehrenberg also conceded too great an extent to the group
of Infusoria, including not only the lowest plants such as Diatomacea',

Desmidiacece, under the name of Polygastrica anentera, but also the

much more highly organised Rolifera. As he chose the organization

of the last-named for the basis of his explanations, he was led into

numerous errors. Ehrenberg ascribed to the Infusoria mouth and

anus, stomach and intestines, testis and ovary, kidneys, sense-organs,

and a vascular system, without being able to give reliable proofs of

the nature of these organs. There very soon came a reaction in the

way of regarding the Infusorian structure
;
for the discoverer of the

Rhizopoda, Dujardin, as well as von Siebold and Kcilliker (the latter

taking into consideration the so-called Nucleus and Nudeolus), referred

the Infusorian body to the simple cell. In the subsequent works of

Stein, Claparede, Lachmann, and Balbiani numerous differentiations

were certainly shown to exist, which, however, can all be referred

to differentiation of the body of the cell. This view is supported by

Jotirn. (If In PJn/ft.. Tom. IV. Claparede und Lachmann. ' Etudes sur les

Itifusoircs et les lihizopodes," 2 vol. Geneve, 18581861. . Haeckcl, "Zur

Morphologic der Infusorien" Jen Zeitschrift, Tom. VII., 1873. 0- Biitschli,
" Studien iibcr die ersten Entwickelungsvorgangedes Eizelle, die Zelltheilung
und die Conjugation des Infusorien," Frankfurt, 1870.
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the more recent work of Biitsclili, who has shown that the repro-

duction of these animals is essentially similar to that of the cell.

The outer boundary of the body is usually formed by a cuticle, a

delicate, transparent membrane, the surface of which is beset with

vibratile and moving appendages of various kinds arranged in regular

order. In the smallest Infusoria, the Flagellata, we find only one

or two long whip-like cilia
;
while the more highly differentiated

Ciliata are usually richly provided with cilia. According to the

varying thickness of the external membrane, which cannot in all

cases be isolated, and according to the different condition of the

peripheral parenchyma of the body, we get forms which change

their shape, forms which have a fixed shape and armoured forms.

If the simply organized Flagellata, which present numerous

affinities and transitional forms to the Algre and Fungi, are not

entirely removed from the region of the Infusoria, the two principal

groups to be distinguished are the Ciliata and Flagellata.

Order 1. FLAGELLATA.*

Infusoria of small size, characterised by 2^ossessing one or more long

irliljii-like cilia, usually placed at one end of the oval body. A row of

cilia sometimes and a nucleus always present.

The Flagellata are Infusoria the locomotive organs of which

consist of one or more whip-like cilia, rarely with an accessory row

of cilia. They pass through an inactive stage, and in their develop-

ment as well as in their mode of nourishment are allied to certain

Fungi.

The reasons for regarding the Flagellata as Protozoa are the perfect

contractility of the body, which is not surpassed by Myxomycetes
in the mastigopod stage also the contractility of the cilia, the

apparently purposed and voluntary movements, the occurrence of

contractile vacuoles, and, as has been established in many cases, the

reception of solid substances into the body through an opening
at the base of the fiagellum. Nevertheless these phenomena are by
no means a test of animal organization.

The Monadince are a large group of Flagellata, found for the

most part in putrefying infusions, and are hard to distinguish from

the monads usually regarded as fungi. They reproduce themselves by

* Besides Ehrenberg. Claparede, and Lachmann, loc. cit., compare Stein,
"
Organisnius der Infusionsthiere," Tom. HI., 1878. Butschli, IVit.riige zur

Kenntniss der Flagellaten," Zi'itxclir.fiir Wi*s. Zool., Tom. XXX. Dallinger
and Drysdale, "Researches on the Life-history of the Monads," Monthly

i. Journal, Tom. X. XIII.

13
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transverse fission, and also by spore formation in an encysted condition;

the latter method seenis in many forms to be preceded by conju-

gation. The best known species are Cercomonas Duj. and Trichomonas

Donne, of which the first is characterised by the possession of a caudal

filament, while Trichomonas has an undulating row of cilia close to

the flagella, which are usually two in number (fig. 133). They live

principally in the intestines of "Vertebrates, but are also found in

Invertebrates. Cercomonas intestincdis Lauibl. and TricJwinonas

vaginalis Donne, are found in Man.

The Monads,* which cannot be sharply separated from the

Jfonadina-, are simple cells free from chlorophyll, the swarm spores of

which usually pass into an amoeboid stage, and after receiving nourish-

ment enter upon a motionless stage characterised by the possession
of a firm cell-membrane. A number of them (Monas, Pseudospora,

ColpodeUa), the so-called Zoospores, are mastigopods resembling the

niastigopods (swarm spores) of Myxo-
mycetes, and, with the exception of

Colpoddla, grow up to creeping Amoeba?

which protrude pointed pseudopodia.
In this stage they may also be simply

regarded as small plasmodia, especially

when, as in Fionas amyli, several masti-

FIG. 133. a, Cermmonat intesHnuii*. gopods fuse together to form the amoeba.

LeucktrtT"

' ^""^ (Bfter R " The
>' tlien take in Colpodetta without

first entering the amoeba stage a globu-
lar form, their surface develops a membrane, and in this cyst they
break up by division of protoplasm into a number of segments which

pass out as swarm spores and repeat the course of development
(Colpodetta pugndx to Chlamydomonas, Pseudospora volrocis).

Other Monads, the so-called Tetraplasta (Vampyrdla, Xuclearia],
do not puss through the mastigopod (swarm spore) stage. Their pro-

toplasm during the inactive encysted stage gives rise by division into

two or four, to the same number of Actinophrys-like Amoeba1
,
of

which some, like Colpodella, suck their nourishment from alga cells

(Spirogyra, Oedogonia Diatomacea, etc.), and some envelope ex-

traneous bodies.

In mode of nourishment and locomotion the monads are allied to

the Rhizopods, but also to lower fungus forms like Chytridium.

* L. ricnkowski,
"

P.citrii^c xur Kontniss dor Monaden." Arclrh: fii>-
SKcrosJt. Anatomic., Tom. I., isitri. L. Cienkovvski, "Uber ralmellncocii und
einige Flagcllaten,'' Tom. VI., 1870.
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In their whole developmental cycle they agree very closely with uni-

cellular algje and fungi ; still the analogy to the developmental

processes of many Infusoria, AmphUeptua, is not to be passed over.

Spumella vulyaris (termo Ehrbg.) of Cienkowski shows a somewhat

different development and cyst formation ;
it receives solid food (by

aid of the food vacuoles) and is fixed by a fibre, as also Chromulina

nebulosa Cnk., and Ochracea Ehrbg.

A second group nearly allied to the Algaj (Protococcace(i) is that of

the Volvocinidce. These organisms consist of colonies of cells united

by a common gelatinous substance, and the following characteristics

indicate their close relationship to the Algse : (1) in the inactive

stage they possess a cellulose membrane
; (2) they exhale oxygen ;

(3) they possess an abundance of chlorophyll and of vegetable red or

brown coloured oils.

FIG. 131. Eujtena viridis. a and J.free swimming, in different states or contraction. ct d,c,

encysted and in process of division.

During the motile stage they possess the power of reproduction,

since the individual cells give rise to daughter colonies inside the

mother colony. A sexual reproduction (conjugation) has also been

shown. Certain of the mother cells increase in size and divide into

numerous microgonidia corresponding to spermatozoa ;
others grow

to large ovicells, which are impregnated by the former, and then

surround themselves with a capsule, and sink to the ground as large

star-shaped cells. They also reproduce themselves during their

period of inactivity by fission within the cellulose capsule, while at

the same time a change of colour takes place. Amongst the best

known of the Volvocina are Volvox ylobator, Gonium pectorale, Ste-

phanosphasra pluvialis.

The Astasiadce are contractile unicellular Flagellata, which are

allied to the Volvocinidce in their life phenomena, but they take up
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solid nutriment. The best known genus is Euykna, which, according

to Stein, has a mouth and gullet.

In their inactive stage they secrete a capsule and divide up into

parts which pass out as mastigopods. Englena viridis (fig. 134), E.

sanguitwlenta. Another genus, also with a mouth, is Astasia Ehrbg.

A. trichophoralSbxbg., with rounded posterior end, a very long flagel-

lum, and an abruptly terminated anterior end.

The genera Salpingoeca and Codosiga described by Clark were

included by Butschli under the name Cylicomastiges, on the ground

that they possess a well-marked collar surrounding the basis of the

flagellum, and corresponding to the collar on the entoderm cells of

the Sponges (hence Clark regarded the Sponges as most nearly

related to the Flagellata) ; Codosiga Botrytis Ehrbg, forming

colonies, possessing food vacuoles

which contain the solid bodies taken

up as nutriment, with nucleus and

contractile vacuole.

Salpinyoeca Clarkii Biitsch. (the

individuals of this species possess a

shell).

Another group, the CiUoflagel-

lata* is characterised by the posses-

sion of a row of cilia, situated in a

furrow of the hard cuticular exo-

Fic, lK.-Cerati,nn tripos (after
skeleton (fig. 135), in

Addition
to

Nitzsch). the flagellum. The Peridinice, some

of which are of peculiar appearance,

with large horned processes of the shell, belong to the group, and aru

allied, so far as their development is known, most nearly to the

Euglence. The mouth lies in a depression ;
there is sometimes a

kind of gullet, at the end of which the nourishing materials pass

into a vacuole. In addition to the locomotive and armoured forms,

there are also some without shell or organs of locomotion
;
and again

there are encysted stages in the interior of which a number of small

young forms are said to take their origin (Ceratium cornutum Perhg.,

Peridinium tabulatum Ehrbg).

Finally Noctilnca t is included in this group. It is an inhabitant

* E. S. Bergh,
" Dcr Organismus tier Cilioflagcllaten," Jlvrjth. Jahrb. Tom.

Til
L. Cienkcnvski. " Uebcr Noctilxra miliaris" Archie, fur microsh. Ana-

itii, 1871 and 1872.
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of the sea, and possesses a peach shaped body which is surrounded by

a cuticular envelope, and bears a tentacle-like appendage. A furrow-

like imagination is situate at the base of this appendage, at one

end of which is the mouth close to a tooth-like prominence and a

slender vibratile flagellurn. The soft body consists of a central mass

of contractile protoplasm, connected by fine and anastomosing threads

with a layer of the same substance which lines the cuticular envelope

of the body. In the central protoplasm lies a clear body, the nucleus;

and the spaces between the radiating processes, which exhibit the

phenomena of granule currents, are filled with fluid. The contractile

substance extends into the appendage, and there assumes a cross-

striped appearance (fig. 136).

c

FIG. 136. Nocfiluca miliaris (partly after Cienkowski). N, Nu-

cleus, a, Single animal. I, conjugation of two individuals.

c and d, swarm spores.

The reproduction takes place by means of fission (Brightwell), pre-

ceded by division of the nucleus
;
or by spore formation (Zoospores).

In the latter case, the flat'ellum is absorbed or thrown off, and the
' O

Noctiluca assumes a spheroidal shape. After the disappearance of

the nucleus, the sarcode contents accumulate on the inner side of

one region of the cuticle, divide into from two to four masses which

are not sharply separated from one another, and the cuticular envelope

is thrust out into a corresponding number of protuberances. These

buds increase and form numerous wart-like prominences, the future

spores. They arise, therefore, at the expense of the protoplasmic

contents of the disc, which is gradually exhausted in their for-
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mation. The buds separate themselves from the membrane and

become free as small spores, with nucleus and cylindrical appendage,
to assume the Noctiluca form under circumstances which have as

yet not been closely observed. According to Cienkowski, conjugation

may take place between normal forms as well as between encysted

forms.

The Noctiluca owe their name to their power of producing light.

a power which they share with numerous sea animals, such ;is

Medusa?, Pyrosoma, etc. The light proceeds
from the peripheral layer of protoplasm.
Under certain conditions they rise from the;

deep to the surface of the sea in such enor-

mous numbers as to cause wide tracts of the

sea to give out a reddish light. It is after

sunset, and especially in the evening, when

the sky is overcast, that we get the beautiful

phenomenon of the phosphorescent sea.

The species distributed in the North Sea

and in the Atlantic Ocean is Noctiluca

;iiiliaris. Nearly allied is the Mediterranean

Leptodiscus medusoides R. Hertwig.

Order 2. CILIATA.*

Ciliated Infusoria u-itk mouth and anus,

sarcode body of complicated structure (ivitJi

endoplasm and exojdasm}, with nucleus and

paranucleus (iiucleolus).

.... The locomotive cuticular appendages that
FIG. lo/. Stylowycn a

i>it/ti,u.<

(after stein), (seen from \\e most frequently meet with are slender
ventral siili 1

). If >, Adoral .,. ,
. , f , ,1 , , f ?

zone of cilia; C, contractile
^llla

>
wlllch ften COVCr the wll le SU1>faCe f

vacuoie ; N, nucleus
; J\"', the body in close rows, and give it a striped

paranucleus ; A, anus. m,
... ,,

appearance. The cilia are usually stronger in

the region of the mouth, and are here grouped so as to form an

adoral zone of large cilia, which, during swimming, causes a whirl-

pool, and conducts the matter which serves as nourishment into the

mouth (fig. 137). This adoral zone is more highly developed in

fixed Infusoria such as the bell animalcule, the surface of which

has no uniform coating of cilia. In these animals there are

* Besides Ehrcnberp, Claparwle. Laohmann. Biitschli, 1. c.. compare especially

Fr. Stein,
" Der Organismus der Infusionsthierc." I. and II., Leipzig, 1859 and

18(57.
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one or more rings of large cilia round the edge of a raised lid-

like flap which is capable of being shut down. There is also an in-

ferior row of cilia upon this flap running to the

mouth. The free-swimming Infusoria often

possess in addition to these delicate cilia and

zones of cilia, thicker hairs and stiff bristles,

and more or less bent hooks, which are em-

ployed in locomotion and for attachment.

Certain fixed Infusoria as Stcntor (fig. 138)

and Cothurnict secrete external coverings or

shells, into which they retract themselves.

Nourishment is taken in in a few cases by
endosinosis through the whole surface of the

body, e.y., the parasitic Opalina. The Acineta

feed themselves by sucking the body of their

prey. They are without a mouth, and are

incapable of taking in solid food. But they

possess a number of long, narrow, contractile

tentacles, which radiate from the surface of

their bodies, and have the form of delicate tubes,

presenting a structureless external wall and a

semi-fluid granular axis. The Acineta applies

one or more of these organs to the body of an

extraneous organism, when the substance of

interior of the

FIG.

pullet ;

vacuole
FT, pulsatinp

2V, nucleus.

granular axis of thethe latter travels down the

tentacle into the body of

the Acineta (fig. 139).

By far the greatest num-

ber of Infusoria possess an

oral aperture, usually near

the anterior pole of the

body, and a second aperture

which acts as anus, and

which can be seen in a

definite part of the body as

a slit during the exit of the

excreta.
rrii 11 i Fio. 139. Acincla, ferrttnlequinum Ehvbjr., which is
The

^body
parenchyma, Mickinp thcbod/of & J.M Illfus ,,rl!111 (Ku.-hci.vs)

which is bounded by the (after Lachmann). T, sucking tentacle ; V, vacuole ;

, . N, nucleus.
external membrane, is

divided into a viscid exoplasm and a more fluid cndoplasrn, into
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which a slender oesophagus, rarely supported by firm rods (Chilodon,

Nassulci), often projects (fig. 140). Through this the food stuff

pusses into the endoplasni, in which it gives rise to food vacuoles.

The latter undergo a slow rotating movement round the body in

the endoplasni, which is caused by the contractility of the sarcode.

During this process the food is digested, and finally the solid, useless

remainder is ejected through the anal aperture. A digestive canal,

bounded by distinct Avails, exists no more than do the numerous

stomachs which Ehrenberg, who was deceived by the food vacuoles,

ascribed to his Infusoria polyyastrica. In all cases where a digestive
canal has been described, we have to do with peculiar strings and
trabeculfe of the internal parenchyma which enclose spaces filled

with a clear fluid.

The more viscid exoplasm is pre-eminently
to be regarded as the motor and sensory layer
of the body. In it we find differentiations

resembling muscles (Stentor, the stalk of Vorti-

cella). Sometimes small rod-shaped bodies are

present (e.g., Bursaria leucas, JFassukt), which

are comparable to the thread cells of Turbellaria

and Ccelenterata. The contractile vacuoles appear
as further differentiations of the external layer,

structures which to the number of one or more

are found in quite definite portions of the body.

They are clear, mostly spherical spaces filled

with a fluid ; they dimmish suddenly and then

vanish, but gradually reappear and increase to

their original size. These pulsating vacuoles

are usually connected with one or more vessel-

like lacunae, which swell considerably during the contraction of

the vacuole. These structures have been compared to the water

vascular system of Rotifera and Turbellaria, and have been explained
as excretory an interpretation which has in its favour the fact that

the contractile vacuoles in certain cases open to the exterior through
a fine pore at the surface, through which granules pass to the

exterior.

The nucleus and nucleolus lie in the exoplasm of the infusorian

body. The nudciis, which ten years ago was compared to the nucleus

of the simple cell, is a structure of variable shape but with a definite

position in the body. One, or more than one, may be present. It

is sometimes round or oval, sometimes elongated, being drawn out

FIG. 14.Q.Chilocton ciicul-

Ins (:iftcr Stein), with

prullet resembling: a
fish-basket. N, nucleus
with nucleolus;.excreta
are passing out of the
anus.
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to the shape of a horse-shoe or a band, and may be broken up into

a number of fragments. It contains a granular viscid substance,
is bounded by a delicate membrane, and, a b

according to the erroneous views of Stein

and Balbiani, gives rise to ova or to germi-
nal spores. The nucleolus or paranucleus
also varies in form, position, and number

in different species. It is always much
smaller than the nucleus, and is strongly

refractile
;

it usually lies close to the

nucleus, or even sunk in a cavity of the

latter. Both play an important part in

the reproduction of the Infusoria.

The most usual method of reproduction in the Infusoria is by
fission. When the forms reproduced remain together and connected

with the parent, a colony of Infusoria is formed, e.g., the stocks of

Epistylis and Carchesium. Fission usually takes place by a trans-

verse division (at right angles to the long axis), as in the Oxytrichidce,

FIG. 141. a, Asp'ullsca Ij/ncaster

(after Stein). b,Aspidiscapolyity-

la, during fission (after Stein).

FIG. 112. PodopJirya yemmipara (after R. Hertwig). a, with extended suction-tubes ;md pre-

hensile tentacles, with two contractile vacuoles. b, the same with ripe buds, iu which

processes of the branched nucleus N enter, c, free young form.

Stentoridoe, etc., and, obeying definite laws, follows conjugation and

division on the one hand of the nuclei, and on the other of the

nucleoli (fig. 141). Less frequently (Vorticetta) the fission takes

place through the long axis (fig. 143, a, l>),
and far more rarely in

a diagonal direction. The asexual reproduction is often preceded

by encystment, which appears to be of great importance for the
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preservation of the Infusoria from desiccation. The animal retracts

its cilia, contracts its body to a globular mass, and then secretes a

transparent cyst, which hardens and protects the animal, thus en-

abling it to survive in damp air. In the water, the contents of the

cyst divide into a number of parts, which attain freedom by the

bursting of the cyst, each one becoming a young animal.

Moreover, many Infusoria (Acineta*) produce with participation

of the nucleus a number of buds asexually, which separate them-

selves from the walls of the parent body (fig. 142). The broods of

Sphserophrya make their way into the interior of other Infusoria,

as Paramaecium and

Stylonychia, nourish

ihemselves at the cost

of the enlarged nu-

cleus, and form em-

bryos by fission. These

embryos swarm out,

and were for a long
time taken by Stein

for the embryo broods

of Stylonychia (tig.

144, J).

The process of con-

jugation observed by
Leeuwenhoek and O.

Fr. Miiller is very

general, and is con-

nected with changes
of the nucleus and

nucleolus. These

changes, which gave
rise to the erroneous

interpretation of the

two structures as ovary and testis, are in reality simply preparatory
to a process of regeneration of the nucleus by parts of the paranu-

cleus, a process comparable to the phenomena of the fertilization of

the ovum in sexual reproduction.

The conjugation of two Infusoria occurs in very different ways, and

leads to a moi-e or less complete fusion, which, after regeneration
of the nucleus, is followed by an increase in the frequency of fission.

Paramcecium, Stentor, Spirostoma, dining conjugation, become con-

II

FIG. 143. Vorticella micrcstoma (after Stein), a, In process
of fission ;

3T
, nucleus ; the mouth apparatus in each por-

tion is formed afresh, oe, gullet. J, Fission is completed,
the smaller product is set free after the formation of a
posterior ring- of cilia

; ,
adoral zone of cilia, c, Vorti-

cella in process of bud-like conjugation ; A', the bud-like
individuals attached.
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nected by their ventral surfaces ; other Infusoria with a flat body like

Oxytrichina, Ckilodon, by their sides; while Enchclys, JIaltcria,

Coleps, join together

the anterior extremi-

ties of their bodies,

giving the appear-

ance of transverse

fission. A lateral

conjugation also

takes place not un-

frequently in Vorti-

cella, Tric/todina, etc.,

between individuals

of unequal size, the

smaller one having
the appearance of a

bud (bud-like conju-

gation) (fig. 143, c).

The alterations

which the nucleus

and paranucleus un-

dergo during and

after conjugation have been especially worked out in Paramcecium and

Stylonychia (fig 144 a, 145). When several nuclei are present they

FlG. 144. a, Stylonychia mytiliis, in process of conjugation.
The nucleus is depicted i uving division (Balbiani's so-

called ova); the nucleoli have divided into four spheres (sup-

posed spermcapsules). b, Stylonychia filled with parasitic

Spfitfroj>>irya (after Balbiani).

FIG. 14S,Stylonyeh!a myfllus in process of conjugation, slightly magnified, (treated with
acetic acid), (after Biitschli). a. Stage of conjugation with two nucleoli (paranuclei) ; Nb,
the four pieces into which the nucleus has divided in each individual, b. Stage of conjuga-
tion with four nucleoli, of these N' becomes the nucleus, and ' the two nucleoli ; Jfb, tho

four remaining pieces of the old nucleus, c, Stylouychia on the sixth day after conjuga-
tion with nucleus and two nucleoli.

fuse together to form a single oval body (Balbiani), the substance

of which takes a finely fibrous structure previous to further fission,
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like the substance of a true ceil nucleus, when undergoing division.

The paranucleus too increases in size

and becomes striated, and divides into

a number of bodies by a single or re-

peated division. Some of these bodies

produced by the division of the nucleus

and paranucleus disappear or are cast

out, and others are employed in the

formation of the new nucleus and

paranucleus. The processes of regene-

ration are for the most part not com-

pleted until the conjugating animals

have separated. Conjugation is probably

followed by a repeated division (fig. 146).

The mode of life of the Infusoria,

which principally inhabit fresh water,

is very various. Most of them lead an

independent life, and take up larger

or smaller bodies, even Rotifera, as

nourishment. Some, as Ampldhptus,

select fixed Infusoria, as Episti/lis and

Carchesium, for their prey, and swallow them down as far as the

origin of the stalk
; they then, while fixed on the

stalk, secrete a capsule, and divide up into two or

more individuals, which pass out. Certain Infu-

soria, as the mouthless Opalina, and many Bursa-

riclae, are parasitic in the intestine and bladder of

Vertebrates. To these belongs the Balantidiym

coli from the large intestine of Man (fig. H7).

1. Sub-order : Holotricha. - - Body uniformly

covered with cilia, which are arranged in longitu-

dinal rows, and are shorter than the body. Longer

cilia are sometimes found in the region of the

mouth, but these do not form an adoral zone.

Stein). Under the Besides the parasitic Opalina; (Ojialinee ranani>n~), with-

imcleus lies a
Qut mouti1 or anus the following families belong to this

starch-granule that

has been eaten, a group '-

bull of excrement is Fam. Trachelidse. I'.ody of changeable shape prolonged

passing out of the into an anterior neck-like process. .Mouth ventral, without

anus at the poste-
ion<rcr c ilj !U Trnrln-l in* OCIIIH. Khrbg.. .-1 iHj>/iilrj>tits ftiaci-

rior end. , -,-,, ,COM Enrbg.

Fam. Colpodidse. Form of body definite. Mouth ventral, in a depression,

FlG. 146. Paramaaium Sursaria

about one hour after conjugation

(after Biitschli). n, nucleolus ; If,

nucleus; PV, contractile vacuole.

Two of the nucleoli have become

clear spheres.

Bio. 147. Balantiilimn

coftwith two pulsa-

ting vacuolcs (after
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always furnished with long cilia or undulating membranes. Param<ec'nit,

Aurdia Fr. Miiller, P. Bursaria Focke, Colpoda cucullus Ehrbg., Glaucoma,

scintilla/us Ehrbg.

2. Sub-order: Heterotricha. Body uniformly covered with fine

cilia, which are arranged in. longitudinal rows, with a distinct

adoral zone of cilia.

Fain. Bursaridae. The adoral zone of cilia is on the edge usually of the left

half of the body. Sursarla, truncatella O. Fr. Mull., Balantidium coli

Malmst., parasitic in the colon of man
; Spirostomum ambiguiim Ehrbg.

Fam. Stentoridae. At the anterior end of the body is a peristomial space with

a funnel-shaped depression, without any distinct gullet. Stuntor polymorphus,
O. Fr. Miill., St. cceruleus Ehrbg.

3. Sub-order : Hypotricha. Body with sharply defined dorsal and

ventral surface. The convex dorsal surface is usually naked, the

ventral covered with cilia and beset with styles and processes, mouth

on the ventral surface.

Fam. Oxytrichidae. Body elongated to an oval. On the left half of the

ventral surface is a peristomial region, with an adoral zone of cilia. The ventral

surface is beset at either edge by a marginal row of cilia, and also with bristles

and hooks. Stylonycliia pustulata Ehrbg., with eight anterior styles, five

ventral, and five anal cilia. Ofytriclui yllilm O. Fr. Miiller.

Fam. Chilodontidae. Body usually armoured, with gullet in the form of a

fish-basket. Chilodon cucullus Ehrbg.

4. Sub-order : Peritricha. Infusoria with cylindrical or bell-shaped

partially ciliated body. 'The cilia are placed on an adoral ciliated

disc, and frequently on a ring-like zone.

Fam. Vorticellidas. Peritricha with adoral spiral of cilia, without a shell,

attached by a stalk, usually forms colonies. Vortici-lla microstonia Ehrbg.,

Epistylis pi teat ills Ehrbg., Zootliamnium, arbuscida Ehrbg., Carchcxiinn

polypi mi in Ehrbg.
Fam. Trichodinidae. Peritricha with adoral spiral of cilia, and circle of cilia

as well as an apparatus for attachment at the posterior end. Ti'ichodinapediculus

Ehrbg.
Fam. Halteriidae. Near the adoral spiral of cilia is an equatorial zone of

longer cilia. Ifaltcria rolcox Clap. Lachm.

5. Sub-order: Suctoria. Body usually without cilia, with knobbed

tentacle-like processes which serve as sucking tubes.

Fam. Acinetidae. Acineta mystart na Ehrbg., Podophrya cyclopum Clap.

Lachm., Sphtsroplirya Clap. Lachm.

As an appendix to the Protozoa we will now proceed to consider the Sckizo*

niycftida;, which approach more nearly to the Fungi, and the Gregarinida.
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1. The Schizomyctviace* (Bacteria) are small globular or rod-shaped bodies

which are found in decaying matter, and are especially numerous on the surface

of putrefying lluids, where they give rise to a slimy film (fig. 148). They are

most nearly allied to the fungus of yeast, with which they also agree in their

manner of nourishment, in that they make use of ammonia and organic com-

pounds containing carbon. Like the yeast fungus they excite and maintain

the fermentation or, as may happen, putrefaction of organic matter by with-

drawing its oxygen or by attracting oxygen from the air (reduction or oxyda-
tion ferments). But they are clearly separated from the fungi by their deve-

lopment, for tlti'ij
nn-rnixc by fliritJiny into tm/ hair/:*, while the yeast fungus

(Saceliaroinijees, Hormiscivm} forms buds which separate off as spores. The
transverse division takes place, after the cell has become elongated, by a con-

striction of the protoplasm and by the secretion of a cross partition wall. The

daughter-cells either divide at once, or remain united and produce chains of

Bacteria (filiform Bacteria) by afresh fission. Sometimes the successive genera-
tions of cells remain connected by a gelatinous substance, and so produce irre-

gular shaped gelatinous masses (zoogloea). Sometimes they become free and
arc dispersed in swarms. They may also settle on the bottom in the form of a

FIG. 113. Schizomycotes (after F. Colin), a, Micrococcus. It, Bacterium termo, bacteria of

putrefying fluids, both iu. the motile and zoogloea form.

granular precipitate, as soon as the nourishment in the fluid is exhausted. The

greater number have a motile and a motionless stage ;
in the first they rotate

themselves about their long axis, but are also able to bend and extend, but never

to serpentine. Their activity seems to be connected with the presence of

oxygen.

Owing to the absence of sexual reproduction, the division of Bacteria into

genera and species is beset with such difficulty that we must content ourselves

with establishing, in an artificial fashion, form species and physiological species
and varieties without always being able to demonstrate their independence.
F. Colin distinguishes four groups : (1) Globular Bacteria, Microcix'cux

(J/imiaw and Jft/r(>t?rr>ini) ; (2) Hod Bacteria (lim-terhnn') ; (;{) Filiform

Bacteria (Itariilux and Vibrio'); (4) Spiral Bacteria (fyirillum and

SpirocJieetai).

The Globular Bacteria are the smallest forms, and only exhibit molecular

mo/cments. They cause various forms of decomposition, but not putrefaction.

* F. Cohn, "Bcitriigc zur Biologic der L'flan/.cn." Heft 2 and 3, 1872 and
1875. "

Untersuchungen iiber liaktcricn," 1, 2, and 3 (Bacterium termo). Com-
pare further the works of Eberth and Klebs.
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They can only be divided, according to their various methods of development,
into chromogenons (pigment), zymogenous (fermentation), and pathogenous
(contagion) divisions. The first appear in coloured gelatinous masses and

vegetate in the Zoogloeaform, /.//., M. ^/W///y'rw/.s' Ehbrg. in potatoes, etc.

To the Zymogenous belong M. iirccr, urine ferment ; to the Pathogenous
J/. vncclnrr, the Pox Bacteria, -V. m-j>tiri(x of pya-mia, J7. diphthcricux of

diphtheritis.

The Rod Bacteria form small chains or threads, and exhibit spontaneous
motions, especially in the presence of abundant nourishment and oxygen.
Here belongs Bacterium tcrmo Ehrbg. distributed in all animal and vegetable
infusions and the necessary ferment in putrefaction, just as yeast is in alcohol

fermentation
;
also B. Lincoln Ehrbg. of considerable size, which exists in spring

water and in standing water, in which there are no products of putrefaction,
and. as well as the former, has a zoogloea jelly. Another Bacterium form acts

as ferment of lactic acid, ,

according to Hoffmann.
Of the Filiform Bacteria

the motile Bacillus (ribrio)

subtilix Ehrbg. occasions

butyric acid fermentation,
but is also found in infusions

together with B. tcrmo.

Very nearly allied and

hardly to be distinguished

is the motionless Itiicittiix

anthracis of inflammation

of the spleen. Vibrio rugtiln

and serjwns are charac-

terised by constant undula-

tions of the chain. Finally
these lead to the spiral

forms of which Spirochefta
resembles a long and flexi-

ble but closely wound, and

fyiirilluiii, a thick, short,

and coarse screw, fyiril-

l ii in tf/tti.r, inulula, rolntitnit,

the last with a flagellum at

each end.

2. The Gregar'mitltf
* are

unicellular organisms which

liTe as parasites in the

intestine, and in the internal organs of the lower animals. The body is fre-

quently elongated like that of a worm, and consists of a granular viscid central

mass surrounded by a delicate external membrane (si metimes with a subcuticular

layer of muscle stripes). The nucleus, a round or oval clear body, is embedded in

* N. Lieberkiihn, li Evolution dcs Gregarincs," Jlc-nt coxr. <!< V Aca/l . <lc Jii'lij.

18oo. N. Lieberkiihn,
''

Beitrag zur Kenntniss der Grcgarincn." Arc//, fur
A/nit. mid Phyxiol., 1805. E van Bcnedcn,

' Picchcrches sur 1'evolution des

Gregarincs.'' Jiiillctitt dc VA<-ud. roij. <h- Jiclijiijiic, 2 Xrr. xxxi., 1871. Ainnj

Schneider, "Contributions a 1'histoire dcs Gr6garines des Invertcbres de Paris

el dc Pioscoff." Arcb. tic- Zol. Krpurimoit., Tom IV., 1875.

io. UO. Gfegarlna (after Stein anil Kiillikpr). a. Sty-

lorhyiifhut oligaeanthitt out of the intestine ofC'ullojiti'ryx.

It, Gregarina (Clepsidrina) poJymorpha from intestine of

the meal beetle, during conjugation, c, The same in

process of eucystment. <?, Kncysted Gregarina. e,

Stai?e of formation of PseiulonavicelHe. /, Pseudo-

navicellacyst with ripe Pseudonavicellffi.
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the central mass. The structure of the body may be complicated by the pre-

sence of a partition wall which parts off the anterior end from the main mass

of the body. The anterior portion of the body gets in this way the appearance

of a head, upon which there may be formed here and there prominences in

the form of hooks and processes for the purpose of attachment. Nourishment

is effected by endosmosis, through the external walls. Motion is confined to

slow gliding forward of the feebly contractile body.

In their full-grown state the Gregarina are frequently seen fastened to one

another, two or more together. This connected state precedes reproduction

(fig. 149). The two individuals lying with their long axes in the same straight

line contract and surround themselves with a common cyst, and after undergoing
a process resembling segmentation,
divide into a number of small spore-

like balls, which become spindle-

shaped bodies (pseudonavicellre).

The cyst secreted round the conju-

gating individuals, or, as is often the

case, round a single individual, be-

comes a pseudonavicella cyst, and by
its bursting the spindle-shaped bodies

reach the exterior. The contents of

each Pscudonavicella sometimes gives

rise to a small amoeboid body, as may
be inferred from Lieberkiihu's obser-

vations on the Psorosperms of the

pike. In other cases (Munocystis,

Gonvsjmra, etc.) sickle-shaped bodies

arise in the spores, which, without

passing through an amoeboid stage,

give rise to young Gregarines. Mono-

eyst-is dijiUs from the testis of the

earth-worm. Gregarina L. Duf.

(Clepsidrina Hammersch.) Body
with flat partition wall and wart-like

head at anterior end. In the young

stage the anterior end of Cfr. Hut-

t/intm v. Sieb. is fixed in the cells of

the intestinal epithelium of Blatta.

Gr. polymorjaha Hammersch. in the

meal-worm.

[The Gregarines are found mainly
in Invcrtebrata. They may be divided

into two main groups, the Pulyci/xtiih-a and the Moimci/ssthlcn. In the former,

which are found for the most part in Arthropods, there is a partition dividing

the body into two parts ;
in the latter, which arc found chiefly in Vermes, there

is no such partition.]

The structures long known as J'xorti.ijirrms from the liver of the rabbit, the

slime of the intestine, the gills of fishes, and the muscles of many Mammalia,

etc., present a great resemblance to the Psei d mavicellse
;
but we arc not yet

fully enlightened as to their nature. The ci.se is the same with the structures

known as Kainey'sor Mischer's corpuscles from the muscles of, c.y., the pig ; and

FIG. 150. Rainey's corpuscles from the

flesh of a pig. a, An animal inside a mus-
cle fibre, b, Posterior end of the same,

strongly magnified ; C, cuticular layer ;

Ji, spores.
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tho parasitic animals from various wood-lice and Crustacea, which were assigned

by Cienkowski to the fungi, under the name of Ai/m t>i<Iiitin })arasiticum, remind
us by their reproduction no

less of the Gregarince and tt ft C <t

their cysts.

The Coccidia which we
meet with in. the cells of

the epithelium of the intes-

tine as well as in the bile-

ducts of Mammalia should

also be regarded as Grcya-
rince (fig. 151). They trans-

form themselves into egg-

shaped zoosperms by the

formation of a capsule and

the production of several

spores from their granular contents. In Ooccidium oviforme from the liver of

man and of the rabbit there are only four spores formed, which become sickle-

shaped rods.

FIG. 151. Cocri.linn ovifui-iw from the liver of the rabbit,

magnified 550 diara. (after E. Leuckart). c, d, Stages
of spore formation which have only been observed
outside the cells.

CHAPTER VII.

CCELENTERATA (ZOOPHYTES).*

Radially symmetrical animals with a body composed of cells. They
have a body-cavity which serves alike for circulation and digestion

(gastrovascular space).

Amongst the Ca-lenterata we meet for the first time with organs
and tissues composed of cells. In addition to the external and

internal epithelium, cuticular, calcareous, and silicious structures, as

well as muscles, nerves, and sense-organs are very generally present.

On the other hand, the internal surface of the body is not differ-

entiated into organs of circulation and digestion distinct from each

other. The vegetative processes are performed by the internal sur-

face of the gastric cavity, the gastrovascular space, of which the

central part functions as stomach and intestine, the peripheral as

vascular system.

R. Leuckart was the first to recognise the importance of these

characters, and made use of them to separate the Polyps and the

Medusce from the Echinoderms, thus resolving Cuvier's type of

liadiata into the types of Ccelenterata and Echinodermata.

It is only in more recent years that Naturalists have been con-

vinced of the close relationship between the Porifera and the Polyps
* R. Leuckart,

" Uebcr die Morphologic unrl Verwandschaftsverhiiltnisse
nirderer Thiere," Braunschweig, 1848.

14
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and Medusa, and have included the former in the group of the

('<ili-itti:i-tiffi. The Porifera were for a long time taken for plants,

and more recently for Protozoon-stocks. While, however, the Polyps

and 'Mcdus:r arc distinguished as C-iii<lnri- and arc characterised by
the possession of nematocysts and by the higher differentiation of their

tissues, the Porifera or Spongiaria present more simple forms of

tissue in the spongy structure of their body, and are without nemato-

cysts. The entire structure of the body may, generally speaking, be

described as radial, although the radial symmetry does not appear in

most SDOnges, and among the Cnidaria transitions towards lateral

symmetry are ap-

parent. Similar

organs are usually-

repeated round

the body axis four

or six times or in

multiples of these

numbers.

Four distinct

types of body form

are met with in

the group Ctdcnte-

rafct, viz., that of

the Sponge; of the

Polyp ; of the Me-

diim ; and of the

Ctenophora.

The Sponge
type. The sim-

plest form of

Sponge is represented by a fixed cylindrical tube, with an exhalent

opening, the Osculum, at the free end
(fig. 152). The contractile

wall is supported by skeletal spicules, and is pierced by numerous
inhalent pores, through which water and small food particles pass
into the ciliated internal space. By the fusion of separate indi-

viduals, and by reproduction by gemination, the latter being the

more frequent mode, widely difierent Sponge stocks with compli-
cated canal systems are formed. The polyzooid nature of these is

made apparent by the presence of many oscula.

The Polyp type. The Polyp has the form of a cylindrical or

club-shaped tube, of which the posterior end is fixed and (he opposed

FIG. 152. Young Sycuu (after FT. E. Schulze). O, Osculum or

exhalent pore ; P, pore in the wall.
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FIG. 153. SHIIJU rtlu n'n\a (after Gosse).

free pole pierced by an oral opening situated on a flat or conical

prominence, the oral cone. The mouth is surrounded by one or

more circles of tentacles, and leads into a simple cylindrical body

cavity (Hydroidjiolyps), or through an ossophageal tube into a compli-

cated gastrovascular cavity (Antliozoa, fig. 153). The disappearance

of the tentacles gives rise to the so-called polypoid form, which

consists of a simple hollow tube fur-

nished with a mouth.

The Medusa type. The free-swim-

ming Medusa consists of a flattened

disc or arched bell of gelatinous or

cartilaginous consistence, from the under

surface of which hangs a central stalk,

the manubrium, bearing at its free

end the mouth. This manubrium is

frequently prolonged in the neighbourhood of the mouth into

numerous lobes and tentacles, while from the edge of the disc arise a

varying number of thread-like tentacles. The central cavity of the

body, into which the hollow manubrium leads, is called the gastric

cavity, and from it peripheral pouches or radial canals, the so-called

vessels, run to the edge of the disc, where, as a rule, they are con-

nected by a circular vessel.

The movements of the Me-

dusa are effected by the alter-

nate contraction and dilatation

of the muscular under surface

of the bell, i.e. of the subuni-

brella.

Rudimentary Medusae, in

which the manubrium and

marginal tentacles are absent,

are found. They are called

Medusoids, and do not acquire

individual independence, but

remain attached to the body
of the Medusa or Polyp from which they are budded.

The Medusie and Polyps, in spite of the important differences

between them, are but modifications of the same plan of structure.

A Medusa may be compared to a free, flattened Polyp, possessing a

gastric cavity and a muscular and enlarged oral disc.

The Ctenophor type has fundamentally the form of a sphere,

FIG. 151. Medusa of the Podocoryne cornea with

four tentacles at the edge of the disc, ovaries

;ind manubrium, immediately after separa-

tion from the stock.
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beset with eight meridional rows of vibratile plates, which, working
like oars, serve for locomotion (fig. 155).

The body parenchyma in the Sponges consists principally of

amoeba-like cells, which frequently bear flagella, but which never

produce stinging threads. In the Cnidaria (Polypa and Medusas),
in certain cells the

peculiar struc-

tures known as

thread cells (fig.

156 )are developed.

They consist of

small capsules

filled with fluid,

and containing a

sharp-pointed, spi-

rally coiled thread;

they are developed
in cells which may
be called cnido-

blasts. Under cer-

tain mechanical

conditions, e.g.

under influence of

the pressure pro-

duced by contact

with a foreign

body, these cap-

sules burst, and

the thread is sud-

denly protruded,

and either fastens

on to the cause of

disturbance or

pierces it, carrying PIG. 156. Ncuwtocysts and
Fir,, in". r>i<r>ppe (Hormiphora) \ r.^ rt 'f 4- f cnidoblasts of Biphonophora.

plumosa (after Chun). O, a and 6, with the cnidocil

mouth. the fluid Contents of the cell, c to e, Nemato-

c .-, cysts with evaginated thread.
or the capsule. In

many parts of the body, and especially on the tentacles, which serve

for the capture of prey, these small microscopic weapons are collected

in masses, and are often united in a peculiar arrangement to form
batteries of thread cells.
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The tissues (which are composed of cells) are generally arranged in

two or three layers, of which the external layer is known as ectoderm

and forms the outer skin, while the internal layer, the endoderm,

line* the gastric cavity.

Between the two there is developed a delicate homogeneous sup-

porting membrane or a stronger layer of connective tissue, in which

the skeletal elements are developed. This intermediate layer is

known as the mesoderm. The skeletal formations present great

variations in structure and arrangement.

Muscles are formed in the deeper part of the ectoderm as cell-

processes (the so-called neuromuscular fibres), but often penetrate

within the mesoblast as independent cell structures. Sense epi-

thelium, nerve fibrillre, and ganglion cells also appear as differentia-

tions of the ectoderm. The endoderm cells, on the other hand, often

bear cilia, and are principally concerned in the processes of digestion

and secretion.

A sexual reproduction by fission and gemmation is prevalent in

these animals, constituted, as they are, on the whole of homogeneous
tissues. If the individual forms so produced remain united, they give

rise to the colonies which are so widely distributed amongst the

Polyps and Sponges, and which, by the continual multiplication of

their individuals, may in course of time attain a very considerable

size. But we also meet everywhere with the sexual reproduction, in

that ova or spermatozoa are produced in the tissues, usually in the

region of the gastrovascular cavity, in a definite portion of the body.

As a rule, the ova come in contact with the spermatozoa away from

the place where they are produced ;
either within the body cavity

or outside the parent body, in the sea-water. In a few cases only do

both the sexual elements originate in the body of the same indivi-

dual, as, for example, in many of the Spongicvria, some Anthozoa,

and in the hermaphrodite Ctenophora. As a rule, in the colonies of

Anthozoa the monoecious arrangement of sexes obtains, the indivi-

duals of the same stock being partly male, partly female. Some are

dioecious, e.g. Veretillum, Diphyes, Apolemia.

The development of the Coelenterata for the most part consists of

a metamorphosis. The just hatched young differ from the sexual

animal in the form and structure of the body, and pass through

larval stages. The greater number of them leave the egg as

ciliated larvae, which resemble somewhat an Infusorian in external

appearance. They acquire a mouth, body cavity, and organs for

obtaining food, either during their existence as free larvae, or after
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attachment to solid surrounding objects in the sea. If the young

forms, which diiliT from the sexual animal, gain the power of re-

producing by budding, the development leads to various forms of

alternation of generation.

S u B-GKOUPS. I. SPONGIARIA *=POEIFERA.

Tlte body lias a sponyy consistence and is composed of masses of

cells capable of amoeboid movements and supported by a solid, calcareous,

silicious, or horny skeleton. There are external pores, an internal

canal system, and one or many exhalent openings (ostuht).

The sponges are at present universally regarded as Coelenterata,

and in this group they are distinguished from the Cnidaria (Polyps
and Medusae). They are composed of a contractile tissue, which

is usually supported by a framework composed of spicules and fibres
;

the whole being arranged in such a manner that there exists on the

external wall of the body larger and smaller openings ;
and in the

interior a system of canals and spaces in which a continuous stream

of water is maintained by the vibratile motion of cilia.

Anioeba-like cells, net-like membranes of sarcode, flagellated cells,

spindle cells, ova, spermatozoa, and tissues

derived as excretions from cells are present

as the histological elements of the Sponge

body. The chief mass of the contractile

parenchyma is composed of the amoeba

like cells. These are granular eells, which,
FIG. 167.

-^Amoeba-like
ceil of

Jik Amoebffi have uo external membrane,
Spongilla.

can protrude and retract processes, and

*tike into their interior foreign substances (tig. 157).

The framework or skeleton, which we find wanting only in the soft

* Literature : Nardo G. D.,
"
System der Sdnviimme," Isis, 1833 and 1834.

Grant,
" Observations and Experiments on the Struct, and Funct. of Sponges,"

Edin. Phil. Journal, 18251827. Bowcrbank, "On (he Anatomy and Physio-

logy of the SpongiadaV Ptiiliix. Trim*., 1858 and 18<>2. Licbcrkiilm," Beitruge
KUT Entwickelungsgeschichte der S|>miLril1cii," Miilli'r'x .1;r ////., IS.'.i;. Lieber-

l.iilin,
" Xur Anatomic der S]ii>n<_ricti," MiiUrr'x Arrf/ir.. 1S.~7, 1S.V.I, 1863, 18G5,

isr,7. O. Schmidt,
" Die S|>uiivi<>n dcs adri;ii i.-chcn Meeres," Leipzig, W. Eng-

elmann, ]8C2, as well as Sup|il"nicnt. Ijci|i/i'_', W. I'lngolmauii, 1SGI. ISHC.

ISI18. E. Ilaeckcl, "Die Kalksrhwiinimc.'' ." Mdr. IVrlin. 1S7L'. Fr. Iv

Sehulzc,
"
Untcrsucliuiigen iilicr dm llau und die Entwickelung dti Sponsion,

''

Zc'itschrift,fiir wins. Zool., 187(J I
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gelatinous Sponges or Myxospongia, is composed of horny fibres or

silicious or calcareous spicules.

The horny fibres form, without exception, anastomosing networks

of varying degrees of thickness, and present a lamellated structure

(fig. 158), which indicates that they are formed of a number of layers.

They are formed by excretion as hardening

portions of sarcode. The calcareous needles

(fig. 159) are simple or three- and four-

rayed spicules, and take their origin, as

do the silicious structures, in the interior

of cells. The silicious spicules present,

however, an extraordinary variety of form :

some of them constitute a connected frame-

work of silicious fibres, and others are free

silicious bodies with simple or branched

central canals (fig. 160). The latter are

found in the form of needles, spindles,

cylinders, hooks, anchors, wheels, and

crosses, and arise in nucleated cells, pro-

bably as deposits round a hardening of

organic matter (central fibre).

In order to understand the morphology
of the Sponyiaria we must begin by examining the structure of a

young Sponge, which proceeds from the fixed larva. The young

Sponge, after the formation of a ciliated gastric cavity and an ex-

halent opening or osculum, has the form of a simple hollow tube,

the walls of which are

pierced by pores for the

passage of small food

particles suspended in

the water (fig. 152).

In this stage we can

distinguish three layers
-

(
1

)
an entoderm,

formed of elongated

flagellated cells; (2) a

mesoderm, the skeleto-

genous cell layer, the structure of which recalls connective tissue;

and (3) an ectoderm, which forms the outer layer of the Sponge,

and consists of a flat epithelium. The cylindrical cells of the ondo-

derin possess at their free ends surrounding the flagellum a delicate

FIG. 158. Pieco of network of

horny fibres from Eusponyia

eqitina.

FIG. 159. Calcareous Spicules of fit/con.



216 CCELKNTERATA.

hyaline marginal membrane, \vluch, derived from a prolongation of

the hyaline plasma, projects as a hollow cylinder resembling the

protoplasmic collar of certain Flagellata* (Gylicomastiyes). [This

FIG. 160. Silex bodies from different silicious Sponges, a, Silex needle from SpowgiUa,
inside the cell. J, Amphidisc of a gemmule of SpongiUa. c, Anchor from Ancorina. d,
Hook from Egperia. c, Star from Chondrilla. f, \nckorfromEuplectella aspcrgiUum. g, h,
needle rays from the same, i, Six-rayed needle from the same, with central canal.

structure is commonly known as the collar, and the cells as the

collared cells.]

The thick layer in which the skeletal

spicules are produced consists of a hyaline

matrix, in which irregularly branched or

|Q spindle-shaped amoeboid cells are embedded,
and may be regarded, like the gelatinous
substance of the Acahpha, as mesoderm,
while the external,.clearly defined, flat epi-

thelium (also in the Asconia, Leucosolenia]
is to be considered as ectoderm.

The pores or inhalent openings so cha-

racteristic of the Sponge bod}' are in

reality only intercellular spaces, and are
able to close themselves, vanish and be replaced by new pores,
which arise by the separation of one cell from another (tig. 1G1).

*

Upon this ground Clark declared the Sponges to be nearly allied to tho
Flaqdlata, arid regarded them as great colonies of the latter.

FIG. 161. Portion of the exter-

nal ln.yrrnt' ,S),,,w V >Y/,i \v ith the

pores, P (after Luburkiihn).
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Amongst the calcareous Sponges, the simple Sponge with inhalent

pores and terminal osculurn (Olynthus-fown) is represented by the

stock-forming Leucosolenia (Grantiu), which is composed of numerous
hollow cylinders. The structure of this sponge
has been described by Lieberkiihn.

In the Syconidoe the body cavity has a more

complicated form. The central space opens into

secondary peripheral spaces or radial tubes, which

are lined by ciliated cells, and open externally

through the inhalent pores (fig. 162).

In other calcareous Sponges (Leuconidcc] the

radial canals have the form of irregular parietal

canals, giving oft* branches to the periphery and

possessing dilated, ciliated chambers. This form

of internal canal system is also found in most

of the stock-forming, silicions Sponges (fig. 163).

Sponge forms may become more complicated

by the formation of stocks
;
the originally simple

Sponge, which has developed from a single cili-

ated larva, gives rise by budding and incomplete
fission to a polyzoid sponge body; or several

originally

separate
individu -

als, each

of which

has origi-

nated from a single larva,

fuse together to form a com-

pound sponge stock. Both

these methods of growth are

repeated in a similar manner

in the formation of the stocks

of Polyps (fig. 164). In the

same way that the fan-like

FlG. 163. Section of Curticium candelabrum (after nets of the Fan C'ul'al (//////'/-
JFr. E. Schulze). <Jk, Ciliated chamber of tbr / / j ij \ i

parietal canal. dogwgw. JlaMlum) are formed

by the repeated fusion of its

branches, the gastrovascular cavities of which anastomose, so also

in the case of the branching sponges, as a result of the same pro-

cess, reticulate, or coiled or even massive stocks are formed (fig. 165).

FIG. 162. Longitudinal
section through Sycon

raphanuit, slightly mag-
nified. 0, Osculum
with collar of spicules ;

Et, radial tubes which

open into the central

cavity.
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In this case the canal system, in which the modifications before

described for each individual Sponge are repeated, becomes more

complex, partly through the formation of anastomoses, and partly

because irregular gaps and winding passages make their appearance

between the fused branches of the stock and form spaces which lead

into the ciliated cavities.

Reproduction takes place mainly asexually by fission and tho

production of germs or gemmules, but also

by the formation of ova and sperm capsules.

The gemmules are in the fresh-water SpongiMa
masses of cells which are surrounded by a

firm shell composed of silicious structm-es

(ampkidiscs], and, like encysted Protozoa,

pass through a long period of rest and inac-

tivity. After the expiration of the cold and

sterile season of the year, the contents pass

out of the opening of the capsule and gene-

rally surround the latter, and with increasing

growth become differentiated into arnreboid

cells and all the essential parts of a new small

sponge body. Multiplication by means of

gemmules is also common among the marine

Sponges. The gemmules take their origin

under certain conditions as small globules

surrounded by a membrane. The contents

are essentially formed of sponge cells and

spicules, and, after a longer or shorter period

of inactivity, reach the exterior by the rupture

of the membrane.

Sexual reproduction was first demonstrated

with certainty by Lieberkiihn for SpongiMa,
but more recently has been shown to exist in

almost every group of Sponges. In most

cases the ova and spermatozoa seem to reach

maturity at different times in the same Sponge.
The spermatozoa are needle-shaped, and lie in small spaces lined

with cells. The ova, like the mother cells of the spermatozoa, are

modified cells of the parenchyma, and arc derived from cells of the

same tissue layer (mesoderm) in which the needles and skeletal

structures take their origin. The ova are naked amoeboid cells, and

pass into the canal system, while in the viviparous Sycons they

FlO. Ifil. Axinella polj/poldet

(after O. Schmidt).
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remain in the mesoderm, and there undergo their development. It

is only later that the

ciliated embryos or

larvae fall into the

canal system, pass

out, and attach

themselves, to de-

velop into a young

sponge.

The embryonic de-

velopment among the

calcareous sponges is

most accurately FIG. 165. Ewpongia officinalis adriaf.ica, with, a number of
,. oscula, O (after Fr. E. Schulze).known for the

Sycvnidce from the investigations of Fr. Schulze and Barrois.

a,

FIG. 166. Development of Si/con rapTianus (after Fr. E. Sclmlze). a, Uipe ovum, b, Stage
with four segmentation cells, c, Stage of segmentation with sixteen cells, d, Blostosphero

with large dark granular cells at the open pole, c, Free-swimming larva, ouc-half of the

body (entodermal) being formed of long ciliated cella, tho other (ectoderuiu.!) of large

granular cells.
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After the completion of the tolerably regular segmentation (fig.

1G6, a
c), Sycon (Sycandra') raphanus passes through a blastosphere

stage, dining which the greater half of the ovum consists of clear

cylindrical cells, and the smaller half at the still open pole of large

dark granular cells (tig. 166, d). The cylindrical cells of the larger

half develop cilia, and the embyro passes out of the body cavity and

becomes a free-swimming larva, which attaches itself and alters its

shape in such a manner that the dark cells grow over the ciliated

portion of the globe, which is meanwhile invaginating. The ecto-

derm and mesoderni are derived from the dark granular cells, arid

the ciliated cells

give rise to the

entoderna of the

gastric cavity.
Later on the body
of the sponge be-

comes cylindrical,

the osculum makes

its appearance, and

calcareous needles

appear in the wall,

which becomes

pierced by pores

(fig. 167).

With the excep-

tion of Spongilla,

the sponges are

FIG. 1G7. Young Sycon (after Fr. E. Scliulze). O, Osculum
or exlialent aperture ; P, pores of the wall.

marine, and are

met with under

very different con-

ditions, and covering a wide area of distribution. The horny

sponges live in shallow seas, as also the Myxospongice and Cficdinece,

or siliciceratous Sponges ;
while the Hexactinellidce inhabit very

considerable depths. Petrified remains of sponges are also found

preserved in various formations, for instance in the chalk
; and

these remains differ much from the greater number of those

living. On the other hand, the hyaline sponges of the deep sea

agree so fully with the ancient forms that they seem to be the

direct descendants of the latter. Finally, many of the principal

groups extend back into the palaeozoic age, in which LithistidcE and

Hexactinellidce especially are met with in the most ancient Silurian
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strata. Hence paleontology affords us no facts for determining the

phylogenetic development of the Porifera.

CLASS I. SPONGIA.

(With the characteristics of the Group).

Order 1. MYXOSPONGIA (gelatinous sponges). Soft, fleshy sponges,

without any skeleton, with a hyaline gelatinous mesoderm, often

containing fibrous cords. The ectoderm cells are fairly elongated,

and bear flagella.

Fam. Halisarcidae. Ifitlisnrca Duj. II. lolndaris 0. S., colour dark violet;

encrusts stones; Sebenico. II. Dujardinii Johnst., forms a white encrustmcnt on

the Laminaria of the North Sea.

Order 2. CERAOSPONGIA (horny sponges). For the most part

branched or massive sponge stocks, with a framework of horny

fibres, in which grains of silex and sand are present as foreign

bodies.

Fam. Spongiadae. Eittyongia 0. S., with very elastic fibrous framework, of

equal strength throughout, mostly capable of being used for bath and washing

sponges. E. adrlatica 0. S., equina O. S., zlmocca O. S., in the Greek Archi-

pelago, molis&ima O. S., Levantine sponge, cup-shaped. Spongelia clcgans
Nardo.

Order 3. HALICHONDRI^E (siliciceratous sponges). Sponges of

very various shapes, with usually uniaxal silicious needles, simple

silicious spicula, which are connected by delicate or firmer plasmatic

structures, disposed in networks or enclosed in sponge fibres. Of

the numerous families the following may be mentioned :

Fam. Chrondrosidae. (Ghtmmint a), Coriaceous sponges. Chrondrosia reni-

formis Nardo.

Fam. SuberitidaB. Sponges of massive form, with knobbed silex spicules,

which, as a rule, are arranged in network. Suberites Nardo. S. domuncida

Nardo, Adriatic, Mediterranean.

Fam. Spongillidae. Massive or branched with simple spicules, connected by
investments of sarcode. Spongilla fluviatilis Lk., Sp. lacustris Lk.

Order 4. HYALOSPONGIA. Sponges with a firm, often hyaline
lattice-work of silex spicules, which present the most perfect form of

six-rayed spicules (Hexactinellidce), and may be cemented together

by a stratified silicious substance.

Fam. Hexactinellidae (hyaline sponges). With connected silicious framework
and network of stratified silicious fibres, which join the six-rayed silicious

bodies, frequently with isolated spicules and tufts of silex hairs, which serve to

attach the sponge. They live for the most part at considerable depths, and are

allied to the fossil VentricuHtidte, Dactylocalyx Bbk. Euplectella Owen,
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E. aspcrgillnm Owen. Philippines. In the body cavity of the glassy sponge
are found Acga spi'iii/i/ili'ila.

aivl a small Palcemon. Hyalonema Kh'lmldii

Gray, Japan. H. boreale Love"n, North Sea.

Order 5. CALCISPONGI.E, Calcareous sponges. Usually colour-

less, sometimes red-coloured sponges and sponge stocks, the skeletons

of which consist of calcareous spicules. These are either simple

needles (as they first appear in the embryonic form) or three or four-

armed cross spicules. Very often, however, we meet with two or all

three forms of spicules in the same sponge.

Fam. Asconidse (Lencosolenidce, Ascons). Calcareous sponges, the walls of

\yhich are pierced by simple canals. Grantia Lk. (Leucosolenia Bbk.), these

are divided by E. Haeckelinto seven genera, Ascyssa, Ascetta, AxciJlii, Ascorti.t,

Asculmis, Ascaltis, Ascandra, according to the form of the calcareous needles or

ppicula. 6fr. botryoides Lk. (Ascandra complicata E. Haeck), Heligoland,

nearly allied to Gr- Lielierliiilmii 0. S. from the Mediterranean and Adriatic.

Fam. Leuconidse (Orantlido', Leucons), calcareous sponges, with thick wall,

which is pierced by branched channels. Leuconia Grt. ,
divided by E. Haeckel

into seven genera, according to the form of the calcareous spicules Leucyssa,

Leucetta, Leticilla, Leucortis, Leuculmis, Leucaltis, Lcucandra. L. (Leucetta)

primigenia E. Haeck.

Fam. Sycondiae (Sycons). Mostly solitary calcareous sponges, with thick

walls, which are pierced by straight radial tubes. The latter project on the surface

as conical prominences of the wall. Sycnn Risso, divided by E. Haeckel into

seven genera Sycyssa, Sycctta, Sycilia, Si/cortis, Si/culmix, Syealtis, Sycandra.

SUB-GROUP II. CNIDARIA (CCELENTERATA, s. sir.)

Ccelenterata, with consistent tissues not pierced by a system ofpores ;

the osculum is replaced by a mouth ; with thread cells in the epithelial

tissues.

The Cnidaria represent the Ccelenterata in a more restricted sense
;

and in their structure the radial symmetry appears more strongly

mai-ked. In them the amoeboid cell, as an independent tissue unit,

loses its importance for the functions of locomotion and nourishment,

although the entoderm cells often possess the power of absorbing

solid particles, after the manner of the amoebae. The gastrovascular

apparatus, on the contrary, functions distinctly as a digestive and

circulatory body cavity. Pore systems in the skin are not required

for the introduction of nourishment, since the mouth, which corre-

sponds to the osculum, provides for the reception of food. Nemato-

cysts are very commonly found as productions of the epithelial cells,
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Fm ' ie*-Gr P <* nomatocysta at th* end
of the tentacle of a Scyphist ma

principally of the ectoderm, but also of the entoderm. Each cnido-

llast, from the contents of which a nematocyst is developed, possesses
a fine superficial plasmatic process (cnidocil], which is probably very
sensitive to mechanical stimuli,

and occasions the bursting of

the capsule.

Very frequentlythe cnidoblasts

are found thickly grouped to-

gether at certain places, and form

wart-like swellings or batteries

(fig. 168). The differentiation of

tissues and organs also appears to

have i cached a higher stage in

the Cnidaria, in comparison with

the Porifera, in which cnidoblasts

have not hitherto been discovered. Sense cells, in particular, a e

found in the ectoderm, and these are not seldom grouped together
as specific sense organs. Nerve cells and fibres are also present ;

the latter often

form a deeper

layer of fibrous

tracts beneath

the superficial

layer of the ec-

toderm, with
which they stand FIG. 169. Longitudinal section through the nerve ring of Ckaryldea.

in connection ẑ
' Sense cells in the ectoderm; Gz, ganglion cells; Iff, nerve

fibres ; Stl, supporting lamella ; E, entoderm cells.

through pro-

cesses of the sense cells. Amongst many Medusae (Craspedota and

Charybdea) we find a single or double nerve ring near the edge
of the disc, while in the Polyps (Actinia], the nerve fibres have a

more irregular distribution
(fig. 169).

CLASS I. ANTHOZOA*=ACTINOZOA (Coral polypf).

Polyps with cesophageal tube and mesentcric folds, with interim!

generative organs (no medusoid sexual generation}, usually with solid

mesodermal calcareous skeleton.

The polyps of the Actinozoa are distinguished from the polyps

*
Ehrenberg,

"
Beitrage zur pbysiologischen Kenntm'ss der Kornllenthiere im

Allgemeinen nnd besonders des rotlicn Mccrcs." Ehrenberg.
" Uber die Natur

und Bildung der Korallenbanke," Alili. dcr Berl. ATtad, 1832. Ch. Darwin,
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of the Hydromedusse by their larger size and the more com-

plicated structure of their gastrovascular cavity (fig. 43). The

latter is not a simple cavity in the body, but is divided by numerous

vertical partitions, the mesenteric folds, into a system of vertical

pouches which communicate with one another at the bottom of

the gastric cavity. In addition a system of capillary passages is

also frequently present in the body wall. At their upper extremity

the pouches are continuous with the canals leading into the hollow

tentacles, since the edges of the mesenteries bounding them unite

with the wall of the oral tube which hangs from the mouth. An

opening may however persist in each mesentery underneath the oral

disc, puttifeg the neighbouring chambers in communication. The

oral tube has the significance of an oesophagus, and possesses at its

internal end, where the peripheral chambers open into the central

cavity, an opening capable of being closed, by means of which its

cavity stands in communication with the gastrovascular system. The

mouth is used not only for the reception of food, but also for the re-

jection of excreta. The secretions of the coiled and twisted filaments

(mesenteric filaments) at the edge of the mesenteries must be regarded

as aiding in digestion (fig. 43).

The body of the polyp consists of an external coating of cells,

an internal layer lining the gastric cavity, and an interposed

connective tissue layer of very various thickness and structure

(mesoclerm). The latter appears rarely as gelatinous tissue, and

more frequently as a tough homogeneous connective tissue containing

spindle and star-shaped cells (Alcyonidve, Goryonidce). This tissue may
also assume the form of fibrous connective tissue, and become the

seat of calcareous deposits. Muscle fibres, which take their origin

from the entoderm cells,may also appear in the mesoderm ; while the

newly discovered ectodermal sense epithelium and nerve fibrillse

keep their superficial position in the region of the oral disc and on

the tentacles. The generative products arise on the mesenteries

near the mesenteric filaments as band-shaped or folded thickenings,

and, according to Hertwig, are products of the entoderm. The sexes

are for the most part separate, although hermaphrodite individuals

" The Structure and Distribution of Coral Reefs," London, 1842. J. D. Dana,
" United States Expl. Expedition. Zoophytes," Philadelphia, 1846. M. Edwards

et J. Haime. " Histoire naturelle des CoraiUiares," 3 Tom, Paris, 1857 isr.o.

Laoaze Duthiers,
" Ifistoirenatuivlle du (.'orail." Paris. 1864. Gosse,

" Adiim-

logia lirit.'innicu.,'' London, I860. Kollikcr,
"
Anatomisch-systematische Px^rlnvi.

bung tier Alcyonarien," 1872. Moscley.
" The Structure and Relations of the

Alcyonarian Heliopora coerulea, etc," Philosojjk. Transactions of the Roy. Soc.,

1876.
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are met with. In rare cases all the individuals are hermaphrodite,

e.g., Gerianthus.

The embryos produced from the fertilised ovum, which undergo

a complete segmentation, are frequently born alive as ciliated larvae,

and possess an internal gastric cavity, and an oral aperture situated

at the pole, which is directed backwards during movement. They
then fix themselves by the pole opposed to the oral aperture and

protrude in the region of the mouth first two, then four, eight,

twelve, etc., tentacles
;
in the Octactinia eight tentacles at once.

In the Polyactinia, the tentacles and mesenteric pouches of which

are arranged in multiples of six, it was till recently erroneously believed

with M. Edwards that six primary mesenteries were first developed,

then six secondary between them ; then twelve were formed, then

twenty-four, etc., so that mesenteries of equal size were of equal age

and belonged to a cycle formed at one time. Lacaze Duthiers

however produced proofs that the increase of mesenteries and of

tentacles follows an entirely different law of growth, and that these

structures in the first phases of development show a bilateral

symmetry; and it is only later that the six radial symmetry

appears by the equalization of the alternating elements of unequal

age. A remnant of the primitive bilateral symmetry is moreover

often preserved in the elongated mouth slit, which falls in the

plane of the two primary tentacles.

Amongst the Polyactinia the very young larvae of the Actinia

(A. meseinbryantheuium, Sagartia, Bunodes) have been most accu-

rately investigated. They are small ciliated planulse, one pole of

which is somewhat drawn out and bears a tuft of longer cilia. The

opposite end of the body is flattened and pierced with a mouth.

This leads by a short oesophageal tube, which arises by invagination,

into the narrow gastric cavity. The first differentiation consists in

the appearance of two folds placed opposite each other, which divide the

gastric cavity into two unequal chambers. The mouth is drawn out

in the form of a longitudinal slit symmetrical with and at light

angles to these primary mesenteric folds ; so that by means of

them the position of the median plane can be determined. Two new

folds soon arise in the larger chamber, which we will call the anterior
;

these lie opposite to one another and symmetrically with the median

plane ;
so that four chambers are now present, an anterior, a

posterior, and two smaller lateral ones. A third pair of folds are

then developed in the posterior space, and a fourth pair follow

quickly in the lateral chambers : the fourth pair are slightly smaller

\l



zUb CCELENTERATA.

than the preceding ones. After an interval four new folds appear, one

on each side of the two primary mesenteries
(tig. 170). The twelve

gastrovascular chambers thus formed gradually become equal in

size, and can be separated into two unpaired chambers situated in

the median plane, and into five pairs placed symmetrically on

cither s-ide of it.

FIG. 170. Frcm the history of the development of Actinia meeembryaniJieiiwnt (after Lacaza

Duthiers). a, Larva with eight mesenteries ;mcl two coiled bunds; O, mouth. >/, Slightly
more advanced larva with the commencement of eight tentacles, c, d, Young Ai-thiia

with twenty-four tentacles, two longitudinal sections, at right angles to one anothei. e,

Mouth and tentacles seen from the oral surface.

The tentacles begin to develop before the appearance of the fifth

and sixth pairs of mesenteries. They appear at the oral end of the

gastrovascular chambers, and the tentacle of the anterior unpaired
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chamber* appears first, surpassing in size those which follow it. The

opposite (posterior) unpaired tentacle and the other paired tentacles

then make their first appearance as small wart-like prominences.
When the twelve tentacles have been formed, they become alter-

nately equalised, so that six larger tentacle*,

amongst which are reckoned the unpaired ten-

tacles of the long axis, alternate with the same

number of smaller ones, and we have two circles

of six tentacles of the first and the same number

of the second order.

The asexual reproduction by gemmation and

fission is of great significance. Buds can be

formed in various positions, even at the oral

end, in which case a strobila-like form appears.

In Blastotrochus the buds appear at right

angles to the axis of the parent animal
(fig.

171).

If the individuals so produced remain connected with one another,

a polyp-stock is formed, which may attain very various forms and

great size. As a rule the individuals are imbedded in a common

body mass, the ccenenchym, and their gastric cavities communicate

more or less directly, so that

the juices acquired in the in-

dividual polyps penetrate into

the collective stock. This stock

affords us an excellent example
of an animal community built

up out of similar members.

The formation of the generative

products alone is distributed, as

a -rule, to different individuals,

which, however, unite in dis-

FIG. 171. Blattntrochut

nutrij; (after C. Sem-

per). Z-fiT, Lateral bud.

charging all animal and

together

vcge-

(fi*
t alive functions

172).

The skeletal formations of the FIG. 172. Branch of a Polyparium of CoraUium

l ii J.T r rulrum (after L;cazc Duthiers). P, Polyp
polyps are specially worthy of

remark (polyparia). In almost every case, with the exception of Ac-

tinia, there is a deposit of solid calcareous matter in the mesoclerm, and

* Like the first tentacle of the young Scyphistoma polyp among the Hydro-
Afedusee.
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according to the density of this deposit, there is produced a leathery,

chalky, or even stony framework.

If isolated needles or toothed rods (fig. 173) of calcareous substance

are distributed beneath the epidermis and the ccenenchyma, the

polyp-stock has a fleshy, leathery nature (Akyonaria) ;
but if, on the

contrary, the calcareous structures are fused together or are cemented

together in a larger mass, a solid, more or less firm, often stony cal-

careous skeleton is developed (Madreporaria). In the individual

animals the formation of this sub-epidermic skeleton begins on the

foot surface, and advances

thence in such a manner that

near the calcareous foot-plate

there is formed in the under

part of the polyp body a more

or less cup-shaped theca, from

which numerous perpendicular

plates, the septa, radiate in-

wards. In the cup-shaped cal-

careous framework of the

individual polyp, the structure

of the gastrovascular cavity is

repeated, with the exception

that the calcareous septa cor-

respond to the interspaces of

the mesenteries (fig 174).

The number of the septa in-

creases as does that of the

mesenteries and tentacles with

the age of the polyp according

to the same laws. At the

same time a great number

of systematically important

modifications of the skeleton are effected by further differentiation.

A column-like, calcareous mass sometimes arises in the axis of the

cup (columella), and in its neighbourhood a circle of calcareous

rods (pull), which ore separate from the septa (fig. 175). There may
further be formed between the lateral surfaces of the septa, processes

of calcareous substance as interseptal rods or horizontal shelves

(dissepimenta) ; also on the outer side of the wall of the theca ribs

(costai) projecting beyond its external surface, and similar dissepi-

ments may be produced between these.

Fl<5. 173. Calcareous bodies (Scle,-odermHtrS) of

Alcyonaria (after Kolliker). a, of Plcjcaurella.

I, of Gurgun'ta. c, of Alcyonium.
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The important diversities of form in the polyp stocks are not

only occasioned by tlia differences of structure of the skeleton of the

F

Fro. 17i. Vertical section through a polyp of Astroid/n

calycularia (after Lacaze Duthiera). The mouth open-

ing and cesophageal tube are seen as well as the me-

senteries fastened to the same ;
also the calcareous

septa between the mesenteries, and the columella of

the skeleton, .S.t.

feet fissioa. According

to the method, nume-

rous modifications of

branched stocks are dis-

tinguished, e.g., Madre-

pores (fig. 176), Oculi-

nidce (fig. 177), and the

lamellar and massive

stocks as Astrcea (fig.

178) and the Miean-

drinidce (fig. 179).

The Anthozoa are all

inhabitants of the sea,

Fio. J73. Vertical section

through the cup of Ci/athi-

na Cyat/ius (after Milno

Edwards). S, Septa ; P,

pali; C, columella.

polyp, but are also the

resultant of varying
methods of growth by

gemmation and imper-

Fia. 17fi. Ifnifivjiora verru-

coaa after Ed. H.

FIG. 177. Branch of Octi-

Una sprciosa (after Ed .

H).

arul live mostly in the warmer zones, but certain types of the fleshy
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Octactinia and Actinia are distributed in all latitudes. The polyps

which build banks and reefs are confined to a zone extending about

28 degrees on either side of the equator, and only here and there

extend beyond these bounds. They live for the most part near the

coast, and produce there in course of time rocky masses of colossal

extent by the accumulations of their stony calcareous frameworks.

These masses may form coral reefs

(atolls, barrier reefs, fringing

reefs), which are perilous to ship-

ping, and may also become the

foundations of islands. In both

cases a gradual alteration of

FIG. 17S. Astrcca (Goniastrasa) peciinata

Elirbg. (after Klunzinger).

level, the raising of the bottom

of the sea, assists the work of

the coral animals. The presence

cf the coral banks in the deep

sea is, on the other hand, due

to a continual sinking of the

sea-bottom

The part which the Anthozoa take in the alteration of the earth's

surface is considerable. In the present time they protect the coast

from the consequences

of the breaking of

the waves and assist

in the formation of

islands and rocks by

producing immense

masses of calcareous

matter. In earlier

geological epochs they

have played a still

more important part

judging from the

great thickness of

the coral formations of the Palaeozoic period and of the Jurassic

formation.

Order 1. HUGOSA == TETRAOORALLA.

Palaeozoic Corals with num&rous symmetrically arranged septa,

grouped in multiples offour.
To these belong the families of the CyitlopJn/Uinrp, Staurido', etc.

FIG. 179. RTrpandrina (Cceloria) aratlca Klz. (after Klun-

zinger).
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Order 2. ALCYONARIA = OCTACTINIA.

Polyps and polyp slocks witli eight plumed tentacles and the same

number of uncalcijied mesentericfolds.

The calcareous secretions of the so-called cutis lead to the forma-

tion of fle hy polyparia or of friable crusts surrounding an axial

skeleton, which is sometimes horny, sometimes calcareous and stony,

or of rigid calcareous tubes (Tubipora). In all cases definite cal-

careous bodies, the sclerodermites, form the foundation of the

skeleton. The embryos are mostly born as ciliated larvae, without

mesenteries or tentacles. The separation of the sexes in diiferent

individuals is the rule
(fig. 172).

1. Fam. Alcyonidae. Fixed polyp stocks without axial skeleton, usually
with a fleshy, leathery polypariuni, with only a slight deposition of calcareous

matter in the cutis. The colonies arise either through lateral gemmation,
when they form lobcd and ramified masses, e.g. Alcyonium palmatum, Pall.,

digitatum L., or the individual animals are connected by basal buds and root-

like processes, e.g., Cornularia crassa Edw.

2. Fam. Pennatulidae (Sea feathers). Polyp stocks, the naked free basis of

which is embedded in sand and mud, usually with horny, easily bent axial

skeleton. There are small sterile polyps as well as the sexual animals. The

presence of an opening in the stem for the ejection and reception of water is

worthy of remark. The animals sometimes are placed on the side twigs of the

stem, and the polyparium is feather-like, e.g., Penuatula rubra Ellis
;
some-

times they are distributed on all sides of the simple stem, e.g., the dioecious

Veretillum eynomorium Pall. In other cases the polyparium appears flat and

shaped like a kidney, with a bulbous root without an axis, Renilla tlolacea

Quoy. Gaim., or a kind of umbel is formed by the aggregation of the polyps at

the upper end of a long stem, Umliclhda Thomsonii Kb'll.

3. Fam. Gorgenidae. The fixed colonies possess a horny or calcareous tree-

like branched axial skeleton, which is surrounded by a friable crust, or by a

softer parenchyma containing calcareous particles. The body cavities of the

individual animals communicate by branched vessel-like tubes which contain

the common nutritive fluid. The axis is either horny, flexible, and unjointed,

as, e.g., Gorgonia verrucosa Pall., {Rliipidogorgia) ftabellum L., or composed
of alternating horny and calcareous segments, as, e.g., Isis hij'puris Lam.,
JJclithcea ocliracca Lam., or stony and formed of calcareous matter. The red

coral, Corallium rulrum Lam., falls under the last head, and yields the coral

stone which is used in jewellery. This species is found in the Mediterranean,
on the rocky coasts of Algiers and Tunis, and there forms an important object
of industry.

4. Fam. Tubiporidae, organ coral. The polyparia resembling the pipes of an

organ. The animals are placed in parallel calcareous tubes connected by hori-

zontal plates. Tublpora Hempriclitii Ehrbg.

Order 3. ZOAXTHARIA = HEXACTIXIA.

Polyps and polyp stocks, whose tentacles usually alternate in several

circles, and are either six or some multiple of six in number.
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The body is seldom quite soft, or with a leathery framework; as r\

rule it has a calcareous stony polyparium with radial striations.

Separated sexes are the rule, but hermaphrodite polyps (Actinia)

are not seldom to be met with. The polyps very generally retain

their embryos for a long time, so that they are born eight or twelve

rayed, with rudimentary tentacles. Many give rise to coral reefs

and islands (tigs. 175 179).

1. ANTIPATHAEIA. Mostly with only six tentacles, and horny skeletal axis.

Fam. Antipathidae. Polyp stocks with soft non-calcareous body, but with

simple or branched axial skeleton. Only six tentacles surround the mouth, e.g.,

Antipathes Pal!.

2. ACTIXIAEIA, with no hard structure.

Fam. Actinidas, with soft body ; sometimes single animals with several

alternating circles of tentacles. Actinia L.
;
sometimes connected in stolons

and aggregated to form stocks, Zoanthus Guv. The former are able, by means of

their contractile foot, to leave their place of attachment and to move freely.

Many reach a relatively considerable size, and possess beautiful colours. Under

the name of sea anemones they are the ornaments of salt water aquaria.

Actinia mesembryantliemMm L. The skin sometimes secretes a glutinous mass

rilled with nernatocysts or a kind of membrane, Ccrintitlnis Delle Ch.

3. MADREPORAEIA with continuous hard calcareous skeleton.

(a) Aporosa.
Fam. Turbinolidse. Mostly single polyps with compact calcareous frame-

work, imperforate thecre. and well developed septa, the spaces between which

are open to the bottom. Turblnolia Laiu., Flalidlum Less., Caryopliyllia

Lam., C. ojatlnix Lam., Blastotrochus Ed. H.

Fam. Oculinidse. Polyp stocks with hard usually branched volvparium, with

coenenchyma rich in calcareous matter, and but fe\v septa in the cup of the

individual. Oculinn riryinea Less., Indian Ocean. Aiiq^iilu'lla oculata L.

white corals of the Mediterranean.

Fam. Astrseidae, Star corals, Mostly massive polyp stocks with fused thecsE,

and without coenenchyma. The septa have sometimes cutting edges, sometimes

toothed edges. The interseptal spaces are rilled with horizontal partition walls.

Emmilia Edw. The single animals are produced by fission and remain

connected only at their bases. They produce a cespitous polyparium. the

septal edges of the cup being cutting. Galatea Okeii. The single cups arise

by gemmation, are free at the upper edge ;
the septa have cutting edges. Antrim

Lam., single cups fused throughout the entire wall. The septal edges of the

cup are jagged. Ma-dndr'nin Lam., the neighbouring cups fused to form long

valleys. M. Crassa Edw. H.

Fain. Fungidae. Mushroom corals. Usually with large flat single cups, some-

times polyp stocks; without the<-a-. with numerous strongly developed septa,

toothed and connected by synapticuku. Jfungia d incus Dar.a., Halomitra

Dana., LnjiJioscris Ed\v. II.

(/;) Pi'i'fiirittn.

Fam. Madreporidse, Madrepores. Polyps and polyp stocks with porous

coenenchyma and perforated tbecse. Gastric cavity open at the bottom and

communicating with the central caLal in the axis of the branched polyparium.
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Septa but slightly develop jd. Midi'/'porn ci-rvicornls Lam., Dcndroplnjllia

ramca Edw., Mediterranean. Astroides calycularis Pall.

CLASS II. POLYPOMEDUSJE.* [HYDEOZOA.]

Polyps without cesophageal tube, ivith simple gastrovascular cavity.

The generative elements are developed in medusoidforms ivhich may
be either free-swimming, or permanently attached to hi/droidforms.

This class includes the small polyps and polyp stocks, and the

Medusce which form the sexual generation. The Polypomeduscs

have always a simpler structure than the Anthozoa to which they

are also usually infe-

rior in size. They
lack oesophagus,

septa, and gastrovas-

cular pouches. Only
the polyps of the a-

sexual generation of

the Scyphomedusse

[Acraspeda], known

as ScypMstoma, pos-

sess a remnant of

the gastric folds as

four gastric riclge.s

from which filaments

are developed. The

polyp stocks develop

in rare cases (Mille~

poridce) a compact
calcareous framework

comparable to the

polypaiium. When
skeletal formations

ai'e present they con-

sist as a rule of more

or le.-s horny secre-

tions of the ectoderm,

which as delicate

tubes surround the stem and its ramifications, and sometimes form

small cup-like structures surrounding the jo'yp, and known as

FIG. ISO a. Brarch of an Obelia-stock (0, ge'atinofa). O,

llnuth of a nutritive polyp wi h extended tentacles. JLT,

Medusa buds on the body of a proliferous polyp (blastu-

style) ; Th, bell-shaped iup (theca) of a nutritive polyp.

*
Escholtz, "System cler Acnlephen," Berlin, 1S20. Th. Huxley, "Memoir

on the Anatomy and Affinities of the Medusas," Phil. Trans., London, 184U.
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hydrothecre (fig.
ISO n}. A more or less stiff mesoclerm lamella is

also developed in the interior of the body wall, between the ectoderm

and the endoderm. This serves to support the soft parts of the

animal, and, in the Mediae, is in part represented by the gelatinous

connective tissue of the disc.

The Medusa (fig.
180 b) is without doubt morphologically higher

than the Polyp, since it represents the mature sexual individual,

while the Polyp performs the nutritive and vegetative functions.

The Medusa, in correspondence with its power of free locomotion,

possesses an ectodermal nervous system and sense organs. The

nervous system consists of nerve fibres and ganglion cells, and is

usually specially concentrated round the edge of the disc, where it

forms a double ring of

fibres running parallel

to the circular vessel.

The sense organs are the

so-called marginal bodies.

The generative pro-

ducts of the Medusae

either have their origin

in the ectoderm, in

which case they may be

developed on the under

surface of the disc (sub-

umbrella) in the ecto-

derm immediately un-

derlying the radial

canals (Eiicopidce), or in

the ectoderm of the

manubrium (Oceanidoe) ; or they may arise from the endoderm of

the under surface of the umbrella (ticyphomedusas).

Both Polyps and Medusae frequently remain at a lower grade of

morphological differentiation, the former becoming polypoid appen-

dages, the latter medusoid buds enclosing the generative products.

In either case they are situated on the stem or on some part of the

Polyp. The individuality of such appendages appears limited ; the

medusoid or polypoid animal sinks, physiologically speaking, to the

value of a portion of the body or of an organ, while the entire stock

L. Agassiz,
" Contribution to the Natural History of the United State?, Aca-

lephae," vol. iii., I860, vol. iv., 18t)2. K Haeckel, -'System der Metluscn,"
Tom. I. and IT.. Jena, 1880 and 1881.

FIG. ISO J. Free Medusa of Obelia gelntinosa, as yet
without generative organs; g, auditory vesicles.
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approaches more nearly to a single organism. The more completely

polymorphism and division of labour are impressed upon the polypoid

and medusoid appendages, so much higher becomes the unity of the

whole which is morphologically a colony of animals. In these cases

it is often difficult to distinguish between budding and simple growth.

For a long time it was considered as a remarkable circumstance,

hardly admitting of a satisfactory explanation, that organisms which

differed so widely as Polyps and Medusas they had, indeed, been

systematically separated as different classes should only form dif

ferent stage.s in the life-history of a single cycle of development and

thus be united in the closest genetic connection. The theory of

" Alternation of Generations
"

contained only a description of the

matter, and offered no explanation. The discovery of the mode of

origin of the Medusa as a bud on the body of the Polyp first

clearly demonstrated the direct relation of the two forms, for it

proved that the Medusa is a flattened, disc-shaped Polyp with a

shallow but wide gastric cavity, the peripheral part of which has,

by the fusion of its upper and lower ivalls along four, six, or

eight radiating areas, become divided into the vascular pouches

(gastric pouches}, or, as they are called, radial canals, which

correspond to the gastrovascular pouches of the Anthozoa. The

differences consist, in connection with the discoidal form, mainly in

the position of the gastric tube as an external appendage, the manu-

brium, and in the great reduction in height of the radially extended

septa (mesenteries), which are traversed by a layer of endoderm cells,

the vascular or endoderm lamella. This layer is derived from the

fusion mentioned above of the aboral with the oral layer of the

endoderm of the peripheral part of the gastro-vascular cavity. At
the same time the oral disc becomes enlarged and concave to form

the cavity of the bell, the ectodermal lining of which gives rise to

the muscles of the subumbrella. The supporting substance of the

arched (after it is freed from its attachment) aboral surface of the

disc becomes very much thickened and gives me to the gelatinous

substance (mesodermic), which sometimes contains cells; while that

of the oral surface keeps the character of a thin but firm lamella, and

serves as a support for the muscles on the under surface of the disc.

The tentacles accordingly arise near the edge of the disc, and become

the marginal tentacles of the Medusa. In addition to these, four

simple or branched oral appeud.iges appear as outgrowths from the

manubriuin.

In addition to the sexunl repro lucti">n, n?exxial multiplication fs
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widely distributed, especially amongst the polypoid forms, in which

it leads to the formation of polymorphous animal stocks. The two

forms of reproduction alternate for the most part in regular order,

i-o as to produce different generations. There are, however, Medusce

(Aeyinopsis, Petayia) which proceed without alternation of genera-

tions and develop directly from the ovum by continuous development

with metamorphosis ; but, as a general rule, the egg of the Medusa

(phanero-codonic gonophore) or the medusoid generative bud (adelo-

codonic gonophore) produces a Polyp, and this Polyp either at once,

by transverse fission (Scyphomedusce),
or later, after a longer period

of growth, in which a sessile or free-swimming polyp stock is pro-

duced, gives rise to a generation of free-swimming Medusa?, or of

medusoid bnds which never become separate from the polyp stock.

The Hydromeduste feed entirely on animal substances, and for the

most part are inhabitants of the warmer seas. The free-moving

Medusce and Siphonophora are phosphorescent.

Order 1 . HYDROMEDUS.E.*

Colonialforms, the individual Polyps ofwhich are without (ssopkageal

tube or inesenteric folds. The sexual generation has the form either

of small free-swiwminy Medusae provided with a velum (Craspedote

Medusce) or of medusoid yenerative buds (rudimentary Medusce)

which remain attached to the hydroid colony.

The Polyps and polypoid forms are the asexual individuals. They

form small moss- or tree-like stocks which are frequently surrounded

by chitiuous or horny tubes (cuticular skeleton). These exoskeletal

structures may become extended into cup-like hydrothecfe surrounding

the individual Polyps. The stem and ramified branches [ccenosark]

contain a central canal which communicates with the gastric space of

each individual Polyp and polypoid appendage and contains the

common nourishing fluid.

The Polyps have no ccsophageal tube, and the ciliated gastric

cavity is undivided by mesenteries. As a rule, the ectoderm and

entoderm remain simple, and are only separated by a thin interposed

supporting lamella which does not contain cells. The presence of

elongated muscle fibres as processes of the ectodermal epithelial cells

is very general (Hydra, Podocoryne). These muscles may, however,

* L. A^assiz, "Contributions to the Natural History of tli-- Timed States of

America/' vol. ii. iv., 18(501802. G. J. Allman, "A Jlonuirmph of the

Gymnoblastic or Tubulariau Hydroids," vol. i. and ii., London, 1871 and 1872.

N. Kleinenberg, "Hydra." Leipzig, 1S72. O. and 11. Hertwig, "Das Nerven-

sys'etn uud die Sinnesorgane der Medusen," Leipzig, 1S7S.
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be separated as an independent layer of nucleated fibre cells below

the epithelium.

The Polyps are not invariably alike, proliferous Polyps (or

Blastostyle-) being frequently found as well as the nutritive ones.

The proliferous Polyps develop generative buds on their walls. The

sterile Polyps may differ from one another in the number of tentacles

and in their entire form, so that different kinds of individuals may
be found on a single stock. Thus we find the polymorphism of the

Siphonophora foreshadowed amongst the Hydroidea (Podocoryne*,

Pluniularia).

The generative products are only exceptionally developed in the

Polyp body itself, in

which case they are

produced in the ecto-

derm (Hydra). This

exception is probably

to be looked upon as

an extreme case of

degeneration of a

medusoid bud. As a

rule the generative

products are de-

veloped in special

medusoid buds [gono-

phores] formed from

both cell-layers.

In the most simple

cases the budding in-

dividuals of the sexual

generation contain a

diverticulum of the

gastric cavity of the

polyp-shaped parent or of the axial cavity of the hydroid stock. The

generative products become accumulated around this diverticulum

(Hydractinia echinata, Clava squamata}. In a more advanced

stage we find a mantle-like envelope enclosing the bud, and con-

stituting the rudiment of the umbrella, with a continuous vascular

lamella or with more or less developed radial vessels (Tubularia

coronata, Eudendrium ramosum, Van Ben.) Finally, at the highest

stage, the buds develop into small Medusae (Campanularia r/elatinosa

van Ben., Sarsitb tululosa], which become free, and sooner or later,

FIG. 181. Podocoryne cornea (after C. Grobben). P, Polyp;

M, Medusa bud on the proliferating polyp ; S, spiral-

zooid; Si, skeleton Polyp (compare the free Medusa,

fig. 154).
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often only after a Jong period of free life, in \vhich they become

much larger and undergo a metamorphosis, reach sexual maturity.

The Medusae belonging to the order Hydromedusae are, with but

few exceptions, distinguished from the Acalephce (Scyphomedusse)

by their smaller size although certain forms, for example Aequoren,

may attain such a size as to have a diameter of more than a foot and

by their simpler organization. The number of their radial vessels is

j- mailer (4, 6, or 8), their sense organs (marginal bodies) are not

covered by folds of membrane (hence Gymnophthalmata Forbes), and

they have a muscular velum (hence Craspedota Gegenbaur) (fig. 182).

The generative products are always formed from the ectoderm, and

originate on the walls of the radial canals or of the manubrium, but

never, as in the AcalepJxt,

in diverticula of the gastric

cavity.

The hyaline gelatinous

substance of our Medusae

is, as a rule, structureless,

and contains no cellular

elements
;
there may, how-

ever, be fibres running per-

pendicularly through it

(Liriope). These fibres are

probably derived from
cell processes of the ecto-

derm and entoderm, and

have arisen contemporane-

ously with the gelatinous

disc, which is itself to be

looked upon as an excretion

product of the adjoining

ectoderm and entoderm epithelium.

The nerve-ring is placed at the edge of the disc at the point of

insertion of the velum. It is covered by a sense epithelium com-

posed of small cells bearing sen^e hairs, and has the form of a double

fibrous cord containing ganglion cells. The larger upper nerve-ring

runs above the velum, while the weaker nerve-ring, on the other

hand, is placed below it. The lower nerve-ring is composed of larger

fibres and larger ganglion cells
;
bundles of fibrilhu pass off from it

to supply the muscles of the velum and subumbrella, where they

form a sub-epithelial plexus interspersed with ganglion cells, between

FIG. i&2. Phialadtum variabile rf presented from the

underside of the umbrel'a. T", Velum ; O, mouth ;

Ov, ovary ; Ob, auditory vesicle
; Jif, tentacles on

the margin of the disc; Rw, marginal swellings.
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the muscular epithelium and the fibrous layer. The ganglion cells iu

the upper nerve-ring are smaller, and the fibrilla; given off from it

pass to the tentacles. The fibrilla? of the sense nerves may be derived

from both rings. The marginal bodies have long been recognised as

sense organs, and are either eye spots (ocelli)
or auditory vesicles

;

hence the Hydromedusce may be divided into two groups, the Ocellata

or Vesiculata.

In the Vesiculata the auditory vesicles are situated at the edge of

the under side of the umbrella, and contain one or more concretions

(otoliths} which are formed in the interior of cells. Peculiar sense cells

surround each vesicle-like cell containing a concretion. The curved

hairs of these sense cells (auditory hairs) are in contact with the con-

cretion vesicle. A nerve fibrilla enters the basis of the auditory

cells (fig. 183).
The audi-

tory organs

of the Tra-

c!/i/medusce

are placed
above the

velum, and

are in con-

nection with

the upper
nerve ring ;

they have
the form of

small projecting tentacles furnished

with otoliths and auditory hairs. The

tentacle may either project freely on

the surface (Trackynema), or, as in

Geryonia, it may be placed in a vesicle

(fig. 184) which lies in the gelatinous substance of the disc and close

to the edge of the latter.

Separate sexes are almost invariably the rule, but it is rare to

find that the colonies are dioecious, i.e., that male and female

medusoids are developed in different colonies (Tubularia). Gemma-
tion has occasionally been observed among the Medusw (Saraia

2>rollfera) and division (titomobracltium mirabile). The larvae of

Cuninu, which are parasitic on the Geryonidie, may also there give
rise to a cluster of Duels.

FIG. 183. Sense organ on the

nerve-ring and circular vessel

of Octorchi* (after O. and R.

Hertwig). ltl>, Sense organ ;

O, O', two otoliths; Hh, audi-

tory cilia
; Hz, auditory cells

;

Nc, upper nerve-ring ; Rg, cir-

cular vessel. (Type of the audi-

tory organ of the Veslculuta.)
N

FIG. 181. Auditory vesicle of Gery-
onia (Carmarina), seen from the

surface (after O. and H. HerUviu).
N and N', The auditory nerves ;

Of, otolith
; .ff;r, axiditory cells ;

//A, auditory cilia (type of the

auditory organ of the Tracky-

meduste) .
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The development of the ovum, which is, as a rule, naked (i.e.,
with-

out a vitelline membrane), has hitherto only been completely followed

out in a few cases. In every case the segmentation seems to be com-

plete, and leads to the formation of a segmentation cavity and a

single-layered blastoderm [a single-layered blastosphere]. The

latter gives rise to a second endodermal layer of cells, which lines

the segmentation cavity. The segmentation cavity thus becomes

converted into the gastric cavity of the future polyp. The spherical

or oval larva now either attaches itself and gives rise by budding

to a small hydroid stock, or swims freely and develops directly into

a small Medusa (Track t/medusce).

The Medusa, after becoming free, usually undergoes a more or less

fundamental change of form, which concerns not only the alteration

caused by the enlargement of the umbrella and manubrium, but also

the increase, according to definite laws, of the marginal tentacles,

sense organs (Tima), and the radial canals (Aequoreci). We must

remark, however, that the sexually complete Medusae exhibit very

considerable variations in size, number of sense organs and tentacles

(Phyalidium variabile, Glythia volubilis).

The difficulty of systematic arrangement is augmented by the fact

that closely allied Polyp stocks can produce different sexual forms.

Thus, for example, Monocaulus gives rise to sessile generative buds

and Corymorpha to free Medusae (Steeiistrvpi(i). Medusae of identical

structure also, which one would place in the same genus, may form

the sexual generations of hydroid stocks belonging to different

families (isogonism). There are also cases in which we find Medusa:

of closely allied genera, some developed from hydroid stocks by an

alternation of generations, and others developed directly. Hence

it appears just as little satisfactory to found a classification entirely

upon the sexual generations as to pay attention to the asexual

generation alone.

(1) Sub-order: JEleutheroblastece. Simple hydroid Polyps without

medusoid buds
;
both generative products are developed in the body-

wall of the Polyp.

Fam. Hydroidae. Hydra, the fresh-water polyp. 11. v \r\ri I* L., Il.fusea L.,

remarkable for great powers of reproduction.

(2) Sub-order : Hydrocorallice. Coral-like hydroid stocks with cal-

careous coenenchyma and tubular hydrothecse opening to the exterior

by pores. Some of these conttiin the larger nutritive animals, while

others contain animals without a mouth and beset with tentacles.
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The latter are arranged visually in the form of a circle round each

of the nutritive animals. The polyparia are found in the fossil state

Fam. Milleporidae. Milli'flora L. M. ulcicurnis L.

Fam. Stylasteridoe.

(3) Sub-order: Ttibularice (Ocellata). Polyp stocks which are

either naked or clothed by a chitinous periderni without cup-shaped

hydrothecaj surrounding the polyp head. The generative buds

arise on the body of the Polyp or on the stock. The Medusce which

are set free belong to the genera Oceania, Sarsia, etc., and have

ocelli.

Fam. Clavidse. Polyp stocks with a chitinous periderm. Polyp club-shaped,

with scattered, simple, filiform tentacles. The generative buds arise 011 the

Polyp body and for the most part remain sessile. CordylopTiora Allrn. The

stock is branched
;
there are stolons which grow over external objects. Oval

gonophores covered by the perisarc. The animals are dioecious. In fresh

Tvater C. lacustrlg A llm. albicola Kirchp., Elbe, Schleswig. The following

are marine genera Clara O. Fr. M tiller. Allied are the Eudcndridce with

Eudendriwn ra.mn.tiim. L.

Fam. Hydractinidae. Polyp stocks with flat extended coencnchyma and

firm encrusted skeletal excretions. The Polyps are club-shaped, with a circle

of simple tentacles. In addition to the latter there are large tentacle-shaped

Polypoids (Spiralzooids). Hydractinia van. Ben. The medusoid buds sessile

on the proliferous animals, which are without tentacles. H. echinata Flem.

Podocoryne Sars. (fig. 181). The generative buds are freed as Oceanidce.

P. earned Sars.

Fam. Tubularidae. Polyp stocks clothed with a chitinous periderm. The

polyps possess a circle of filiform tentacles on the proboscis inside the

external circle of tentacles. The generative buds arise between the two circles

of tentacles. Tubularia L. The hydroid stocks form creeping root-like branches

at the bottom, from which arise simple or branched twigs with the terminal

polyp heads
;
the generative buds are sessile. T. {Thamnocnidia Ag.) coronata

AbiU?. dioecious. Corymm'plia Sars. The stalk of the solitary polyp is clothed

with a gelatinous periderm, attaches itself by root-like processes, and con-

tains radial canals which lead into the wide digestive cavity of the Polyp-

head. The freed Medusa is bell-shaped, with one marginal tentacle, and

bulbous swellings at the end of the other radial canals. C. nutans Sars., C.

nana Alder.

(4) Sub-order: Campanularice (Vesiculata). The chitinous skeletal

tubes widen out round the Polyp-head to form cup-like hydrothecse.

The Polyp-head, the oral cone (proboscis), and tentacles can be in

most cases completely retracted into these hydrothecae.

The generative buds arise almost regularly on the walls of the

proliferous individuals, which have neither mouth nor tentacles.

The buds are sometimes sessile, and sometimes become separated off

16
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as small vesiculate Jfedusce, with generative organs on the radial

canals (Eucojridce, Geryonopsidce, Ae^uoridce).

Fam. Plumularidae. The hydrothecae of the branched hydroid-st' cks are

arranged in single ro\vs
;

thuse of the nutritive Polyp have small accessory

calyces filled with nemato.-ysts (uernatocalyces). Pluntulariii crixtnta, Lam.,
Anti'imnliirin iiiiti-nitlnn Lam.

Fam. Sertularidse. Branched Polyp stocks, the Polyps of which project in

flask-shaped hydrothecse on opposite sides of the stem. Di/mimi-na pumila L.,

Xcrtultiritt- itliii-tinu. rvjircsxin/i L.

Fam. Campanularidae Eucopidae. The cup-shaped hydrothecre are placed at

the end of ringed stalks. The Polyps possess a circle of tentacles below their

conical proboscis. Campamdaria Lam. The proliferous individuals are

situated on the branches and give rise to free Jfedusce, bell-shaped, with a

short manubrium with four lips, four radial canals, the sr.ire number of

marginal tentacles, and eight inter-radial marginal vesicles. After separation
the inter-radial tentacles are formed. C. {Clytliia) Jolinstoni = -rlulHis Johnst.,

probably with Eueope variabilis Cls. Olella Per. Les., is distinguished from

C:impiinularla by its Medusa. These are flat, disc-shaped Mrdusa with

numerous marginal tentacles, but with eight inter-radial vesicles. 0. (licit otoma
~L.= (Campanularia gelatinosa van Ben.), C. genieulata L., Laomedva Lamx.
The generative buds remain sessile in the hydrotheca of the proliferous polyps.
L. caliculata Hincks.

Fam. Aequoridae Medusa? with numerous radial vessels and marginal tentacles.

Aequorea Forsk. The Geryonopsidee are allied here. Octorchis E. Haeck.
Tim a.

(5) Sub-order: Trachymedusce. Medusae with firm, gelatinous

umbrella, supported by cartilaginous ridges with stiff tentacles filled

with solid rows of cells
;
these may be confined to the young stage

(larvae of Geryonidce). Development by metamorphosis without

hydroid asexual individual.

Fam. Trachynemidae, with stiff marginal tentacles, which are scarcely capable
ef motion. The genital organs are developed on vesicle-like swellings of

the eight radial canals. Trachynema ciliutum Ggbr. Ilhopaloni-ma vdatum

Ggbr., Messina.

Fam. Aeginidae. The hard cartilaginous umbrella has a flat, discoid shape.
The extended diges'.ive cavity has pouch-like enlargements in place of the

radial vessels. The circular vessel is usually reduced to a row of cells.

Cunina allfxccnx <!gbr., Naples. Aegineta flavescens Ggbr.
Fam. Geryonidse. Umbrella with cartilaginous mantle ridges and four or six

hollow tube-shaped marginal tentacles. The manubrium is long, cylindrical,

or conical, with a proboscis-like oral portion, and four or six canals which lead

into the radial canal. The generative organs lie on the radial canals
; eight or

twelve marginal vesicles. Lii-ij>i- Less., with four radial canals, four or eight
tentacles and eight vesicles. L. ti t rn /ilnjllu Cham., Indian Ocean. Geri/onia
Per. Les., with six radial canals without lingual cone. G. unibdla E. HaecK

,

Ciirmarina E. Haeck., with six radial canals and a lingual cone, E. Hacck.

C. hastata, Nice.
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Order 2. SIPHONOPHORA.*

Free-swimming polymorphous hydroid-stocks with contractile stem,

with polypoid

nutritive indi-

viduals and

medusoid buds,

usually also

with nectocaly-

ces, hyrophytticti

and dactylo-

zooids.

Morphologi-

cally the Sipho-

nophora are

directly allied

to the hy-

droid-stocks;

but they possess

to a much
greater extent

than the latter

the characters

of individuals,

in consequence

of the highly

developed poly-

morphism o f

their polypoid

and medusoid

appendages.
The functions

of he latter

seem so inti-

mately con-

nected and are

so essential for

the preserva-

/

FIG. 185. Diagram of a colony of Pliysophorida. /SV, Stem; ETc,

ectoderm; En, cntoderm
; I'n, Pneumatophor; Sk, nectocalyx

beinR budded off; 5, nectocalyx; D, hydrophyllimm ; 6f, pono-

phore; T, daetylozooid; Sf, tentacle ; P, polyp; O, mouth of the

latter
; Nk, battery of nernatocysts.

i

tion of the entire colony that we may regard each colony of Sipho-

* Besides Kolliker, C. Vogt, Huxley and others, compare C. G-egenbaur,
"
Beobachtuogen liber Siphonophoren," Zcitschrift fur wixtt. Znol., 1853. C.
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JTtJ

D

nophora physiologically as an organism and its appendages as

organs. In this connection we may mention that the sexual iriedu-

soid generation is so little independent that it only exceptionally

(Velellidce) reaches the morphological grade of the free-swimming

Medusa.

In place of the attached and ramified hydroid-stocks we find in

the Siphonophora a free-swimming con-

tractile unbranched stem (hydrosoma),

which is rarely provided with simple lateral

branches. The upper end of the hydro-

soma is frequently dilated to the form of

a flask (pneumatophore), and contains an

air chamber [pneumatocyst] (fig. 185).

In every case there is a central space in

the axis of the stem in which the nutritive

fluids are kept in constant motion by the

contractility of the walls and by the move-

ments of the cilia. The air sac or pneu-

matocyst at the apex of the hydrosoma is

connected to the chamber which contains it

by radial septa, and in many cases attains

a considerable size (Physalia). It func-

tions as a hydrostatic apparatus, and in

those forms, which have a long spiral

hydrosoma (Physophoridce), serves to keep

the body in an upright position. In some

cases the gaseous contents can escape freely

by one or more openings.

The appendages which are attached to

the spirally twisted bilaterally symmetrical

stem, and whose cavities communicate with

that of the stem are of at least two kinds

(1) The polypoid nutritive animals with

their tentacles
;' (2) the medusoid sexual buds. The nutritive Polyps

(hydranths) are simple tubes provided with a mouth, and never

Gegenbaur,
" Neue Beitrage zur Kenntuiss der Siphonophoren," Nova Acta.,

Tom. XXVIL, 1859. E. Leuckart,
'

Zoologisclie Untersuchungen," I., Giessen,

1853. K. Leuckart,
" Zur naheren Kenntniss der ^iplnuiophoren von Nizza,"

Archiv. fur Natvr([?sch, 1854. C. Glaus, "Uebcr Halistenmia tergestimim
n. s. nebst Bemerkungen iiber den feineren Bau der Physophoriden," Arl>i-iti'>i

aus dem Zoologisclien In.it it tit. der Univ. Wicn. etc., Tom. I., 1878. E. ?I< !-

schnikoff,
" Studien uber die Entwickelung der Medusen und Sipho.nophoren,"

Zeitsch.fur nigs. Zool, Tom. XXIV., 1874.

FIG. 18G. A portion of the stem

and appendages of Halistemma

tergestimim. St, Stem ; D, hy-

drophyllium ; T, dactylozooid;

Sf, tentacle of the latter
;

If>,

female, Ify, male, gonophores.
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possess a circle of tentacles. They always, however, have a long
tentacle arising from their base. This tentacle can be extended to a

considerable length, and be retracted

into a spiral coil. It rarely has a

simple form, but, as a rule, it bears

a number of unbranched lateral

twigs, which are also very contrac-

tile. These tentacles are invariably

beset with a great number of nema-

tocysts, which in many places are

closely packed and have a regular

arrangement. These aggregations

of thread-cells are especially found

on the lateral branches of the

tentacles, and give rise to large, brightly-coloured swellings, the

batteries of nematocysts. The batteries show considerable variations

Fis. 187. Group of buds of aPhysophor
at the bottom of the pneuma'.ophore.
C, Central cavity ; S/c, nectocalyx
bud with the ectoclermal ingrowth.

(t 1l

D

FIG. 183. Development of AffaJmojiin Fartli (after Jletschnikoff). a, Ciliated larva. I, Stage
with developing liydrophyllium (V). c, Stage with cap-shaped hydrophyllium (D) and

developing pneumatophore (/). d, Stage with three hydrophyllia, (D, D', D"), polyp
(P), and tentacle.

in form in the various species, genera, and .families, and such varia-

tions afford valuable characters for systematic lacssification.
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The second form of appendage, the yonophores, usually possess a

bell-shaped mantle containing circular and radial vessels, and surround-

ing the central stalk or clapper (manubrium), which is filled with

ova or spermatozoa. They usually arise in clusters at the base of the

tentacles, more rarely from the nutritive Polyps themselves (e.g.
in

Veletla). The male and female generative products always arise

separately in differently shaped buds, but are usually found closely

approximated on the s; HU
stock (fig. 186). There are,

however, also dioecious Sipho-

nojihora, or if the niedusoid

buds or gonophores be regarded
as generative organs, Siphono-

phora of distinct sexes
, e.g.,

Apolemia uvaria and Diphycs
acvminctta. The ripe sexual

Medusoids frequently become

separated from the ttock, {.-?.

after the development of 'the

generative products, and only

rarely become liberated as

small Medusae (Chrysomitra in

the Velellidce), which produce

generative products durirg
their free life.

Besides the constant nutri-

tive Polyps and medusoid

gonophores, there are incon-

stant appendages, which are

also modified Polypoids or

Medusoids. These are the

mou-thless worm-like dactylo-

zoids (fig. 186), which, like

the Polyps, are provided with

a tentacle, which is, however,
shorter and simpler, and has no lateral branches or aggregations
of nematocysts; also the leaf-shaped hard cartilaginous hydrophyUi<i,
which serve to protect the polyps, dactyloaoids, a-nd gonophores ;

and

finally the appendages known as nectocalyces, which are placed beneath

the pneumatophore. The nectocalyces ha-ve a structure similar to

that of the Medusre, though their bilateral symmetry is apparent ;

NK

PIG. 189. Small larval stock of Ago 7m O;>.<H'S after

the type of Athorylia. Lf, Pneumatophore ;

D, liydrophj-llium ; Nk, groups of nemato-

cysts ; P, polyp.
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they are, however, without manubrium, mouth, tentacles, and sense

organs.

The deeply concave sub-umbrella surface of the nectocalyx is

largely developed and has a very powerful muscular covering in rela-

tion to its exclusively

locomotive function.

All the appendages ara

developed as buds fornif-J

of ectoderm and endo-

d?rm, and containing a

central cavity which

communicates with the

central space of the stem.

In the iiectocalyces anl

gonophores an ecto-

dermal ingrowth gives

rise to the covering of

the sub-umbrella and to

the generative products

respectively v(fig. 187).

The ova, of which

there is often, only one

in each female gono-

phore, are large, and

have no vitelline mem-

brane, and, after im-

pregnation, undergo a

complete and regular

segmentation.
A nectocalyx (Diphyes)

is the first structure

formed in the free-swim-

ming larva, or the upper

part of the body of the

larva gives rise to a cap-

shaped protective cover

or hydrophyllium as

well as a pneumato-

phore, and the unde?' part

becomes the primary nutritive polyp (Ayalmopsis, fig. 188). Since

new buds give rise to leaf-shaped hydrophyllia, a small stock with

FIG. 190. Physoplwra JiydroK/uficrr. Pn, Pnemnatophcre ;

S, nectocalyces arranged in double rows on the swim-

ming column ; T, dactylozoid ; P, polyp (nutritive

individual) with tentacles, Sf; Nk, groups of nemato-

cysts on the latter ; G, clusters of generative buds.
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Pn provisional appendages
is formed which allows

its to regard the develop-

ment of the SipJiono-

pliora asa metamorphosis

(fig. 188 and 189).

The crown of hydro-

phyllia, which is com-

pleted by the addition of

fresh hydrophyllia after

the appearance of a

tentacle with provisional

groups of nernatocysts,

persists only in Athory-

lifi, where a swimming
column with nectocalyces

is never formed.

In Af/almopsis and

Physophora the primary

hydrophyllia of the larva

fall off as the stem be-

comes larger, and are

replaced by nectocalyces.

(1) Sub-order: Physo-

phoridce. Stem short,

extended in the form

of a sac (fig. 190), or

elongated spirally (fig.

191), with a pneumato-

phore, usually nectocaly-

ces, which are arranged
in two or more rows on a

i-wimming column below

the pneumatophore.
Hydrophyllia and dacty-

lozooids are usually

pie.-ent, and alternate

with the polyps and

gonophores in regular

order. The body of the

larva usually developsFIR. 101. Hinitfemma fcrgfffiinim. Pn, pncumatophnrc
S. Nectocalyx ; P, poljp ; D, bydrophyIlium ; J\"A-, groups of nematocysts.
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first a polyp with pneumatophore and tentacle beneath an apical

hydrophyIlium. The female gonophore has only one egg.

Fam. Athorybiadae. With a bunch of hydrophyllia in place of the swim-

ming column
; resembling a persistent larval stage. Athori/bia rt'sacca Esch.,

Mediterranean.

Fam. Physophoridae. s. str. Stem short and enlarged to a spiral sac

beneath the swimming column with its double row of

nectocalyces. No hydrophyllia but instead two outer

bunches of dactylozooids with gonoblastidia, nutritive

polyps and tentacles lying beneath them. Pltysojiltom

Forsk., Pit. liydrostatica Forsk., Mediterranean (fig.

190).

Fam. Agalmidae. Stem unusually elongated and

spirally twisted. Swimming column with two or more

rows of nectocalyces. There are both hydrophyllia and

tentacles. Fvrsltalia c-ontorta M. Edw., Ilaltstcmma.

Dactylozooids and hydrophyllia directly connected with

the stem. In the ciliated larva a pneumatophore is

first developed at the upper pole. //. rub-rum Vogt,

Mediterranean. II. ti'rgc&t'umm Cls. (fig. 1'Jl). Ayal-

mvpsis Sars-ii Koll., Ajjali'mia war la Less., Mediter-

ranean. Dioecious.

(2) Sub-order : PJiysalidoe. Stem dilated to

form a large chamber, the pneumatophore lying

almost horizontally, containing a very large

pneumatocyst opening to the exterior. Xecto-

calyces and hydrophyllia absent. On the ventral

line of the sac are situated large and small

nutritive polyps with strong and long tentacles.

There are also clusters of gonophores attached

to the tentacle-like polyps. The female buds

seem to become free-swimming Medusce.

Fam. Physalidae. With the characteristics of the

group Physalia Lam., P. rararcUa Esch. (Aretliusa

Til.'), nclttgica, iitriculus Esch., Atlantic Ocean.

f'/J

FIG. 102. DijJiyei acu-

minata, magnified
about 8 times. Sl>

t

Fluid reservoir in the

upper nectocalyx

(somatocyst).

(3) Sub-order : Cali/cophoridce. Stem long and

without pneumatophore. Swimming column

with double row of nectocalyces (Hippopodidse)

or with two large opposed nectocalyces, more

rarely with only one nectocalyx. There are no

dactylozooids. The appendages arise in groups arranged regularly,

and can be retracted into a cavity of the nectocalyx (fig. 192). Each

group of individuals consists of a small nutritive polyp, a tentacle

with naked kidney-shaped groups of nematocysts, and gonophores.
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To these is usually added a funnel or umbrella-shaped hydrophyl-
liuin

(fig. 192). These groups of individuals may in some Diphyids
become free, and assume a separate existence as Eudoxia (fig. 193).

The gonophores contain numerous ova in the manubrium, which

often projects as a cone from the aperture of the bell. In the larva

the upper nectocalyx is the first formed.

Fam. Hippopodidae. The swimming column has two rows of nectocalycc,
and is situate on an upper lateral branch of the stem. The male and female

gonophores are grouped in clusters and are situate at the base of the nutritive

polyp. Gh'ba Hippopus Forsk., Mediterranean.

Fam. Diphyidae. With two very large nectocalyces at the. upper end of the

stem and opposite to each other. Dipliyrs acuininuta Lkt., dioecious; with

J?i7ii,ria camjHinuhitn. Aliyla 2>cntayona- Esch., with

Em/ii.i-iit ciilmlilcs, Mediterranean. Sphceronecteg
~H.ux.l. = 3/onj}7ii/rs Cls., Sj). f/racilis C'ls. with Di^To-

pliysa inermis. Mediterranean.

(4) Sub-order: Discoidece. Stem compressed
to a flat disc, with a system of canal-like spaces

(i-eutral cavity). Above lies the pneumatocyst
in the form of a disc-shaped reservoir of car-

tilaginous consistence composed of concentric

canals opening to the exterior. The polypoid
and medusoid appendages are situate on the

under side of the disc. In the centre is a large

nutritive Polyp, around which are a number of

smaller ones. To the base of these small Polyps
are attached the gonophores. The dactylozooids

are not far from the edge of the disc. The

gonophores are set free as small Medusa; (Chry-

somitra), which do not produce the generative-*

material till long after separation.

FIG. 103. Part of a Di-

phy'd (after R. Leuck-

art). D, Hydrophyl-
lium ; GS, genital

nectocalyx ; P, polyp
with tentacles. The
individual groups se-

parate as Eudoxia.

rancan.

Fam. Velellidae.

Purjiitu mediterranca Esch.

Vclclla .tjtirans Esch., Mediter-

Order 3. SCYPHOMEDUS.E = ACALEPIIA.*

Medusae of considerable size, tvith yastric filaments. TJte edf/e of the

umbrella lobed. The sense organs covered. The embryonic staijes are

not hydroid stocks but ScypMstoma and Strobilaforms.

The Medusae of this order are distinguished from those of the

hydroid group by their considerable size and the great thickness of

* Besides the works of Brandt, L. Agassi/., Huxley, Eysenhardt, coni[>:n
v. Siebold,

'

Reitriige zur Naturgeschichte der wirbcllu>eu Thiere," 1830. M.
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their umbrella, the gelatinous connective tissue of which is richly

developed and contains a quantity of strong fibrillse and a network

of elastic fibres, which structures confer upon it a greater firmness

and rigidity.

Another characteristic of the group is derived from the structure

OL the edge of the umbrella. This is divided by a regular uurubtr

RK

FIG. I9l.Aure!ia aurlfa, from the oral surface. MA, The four oral tentacles with the mouth
in the centre; <?, generative organs; GH, aperture of sub-si nital pit; -Et, sense

organ (marginal body); BG, radial vessel ; T, tentacle at edge of the disc.

of indentations usually into eight groups of lobes between which the

sense organs are contained in special pits (fig. 194).

The marginal lobes of the Acalephre, like the continuous velum

of the HydromeduscK, appear to be secondary formations at the edge
of the disc. In the young stage known as Ejihyra, which is common
at least to all the Discophora, they r.re jre eiit as eight pairs of

Bars,
" Ueber die Entwiddnng der Medusa aurita nnd Cyanea capillata,"

Archil-. /Hi- .Yitfi/rt/fneh, 1811. H. J. Clark.
' Prodromns of the History, etc.. oJ

the Order Lucernarid" Journ. t\f B*t. Soe, of Xat. Jlixt.. 1803. C. Glaus,
"
Stiidien liber Polypen und Quallcn der Adria," D<-nlwltrifh-n- der /.

Ahademie Ji-r Wixxrnxrh. HV/-, 1877. C. Clans,
'

Untersuchung'en iibcr

Charvbdca inarsunialis," Arlcife/t, an* Jan /.od. J/i.-fi'uf. II ir/i, 1878. Also

E. Haeckel, 1. c.
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relatively long tongue-like processes, and grow out from the disc-like

segments of the titrobila as marginal cones. An undivided mar-

ginal membrane (the velarium], differing from the velum of the

Craspedota [in containing prolongations of the canals of the gastro-
vascular system], is present in the CJtarybdeidce alone.

The AcaleplM differ from the Hydromedusie in possessing, as a rule,

large oral tentacles at the free end of the wide manubriurn. These

may be regarded as being derived from an unequal growth of the

edges of the mouth. They grow as four arm-like processes of the

manubrium from the angles of the mouth, and are placed radially,

I/

FIG. 105. Diagrammatic longitudinal section through a liJiisoafoma. T, Umbrella; 31,

gastric cavity; S, sub-umbrella; O, genital band; Sh, sub-genital pit; F, filament;
SM, muscle system of the sub-umbrella; Rgf, radial vessels; Rk, sense organs;
Eg, olfactory pits; Al, ocular lobe; Sk, shoulder tufts ; Dk, dorsal tut'ts; FA, ventral
tufts of the eight arms ; Z, terminal parts of the arms.

i.e. they alternate with the genital organs and gastric filaments.

In some cases the arms become forked at an early period, and four

pairs of arms are formed, the lobed tufted edges of which may again
divide and sub-divide into many branches. In this case, the margins
of the mouth and the opposed surfaces of each pair of arms fuse in

early life in such a way that the original central mouth becomes

obliterated, and in its place there are developed a number of small

tufted orifices on the peripheral parts of the arms, through which

nutriment is taken in (Rhizostomidce, fig. 195).
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The form of the gastrovascular apparatus exhibits considerable

differences, which in the Dlscophora may be considered as modifica-

tions of the E'fhyra type. The flat disc of the Epliyra, which

is split into eight pairs of lobes, contains a central gastric cavity

into which the canal of the short, wide, four-cornered manu-

briuin leads. From this central cavity there diverge eight canal-

like peripheral diverticula (radial pouches), between which there are

formed sooner or later in the vascular lamella the same number of

short intermediate canals (intermediate pouches). The radial and

intermediate ca.nals sometimes become enlarged, as in Pelagia and

Z

FIG. 196. Section through the olfactory pit, the sen?e-organ (marginal body) and its nerve

centre, of Aurelia aurita. K, Olfactory pit ; L, lobe of the umbrella covering the
sense organ ; P, eye spot ; Of, otolith of the auditory sac

; Z, cells after solution of the
otoliths ; En, entoderm ; EC, ectoderm with the underlying layer of nerve fibrilla;, F.

Chrysaora, so as to form unusually broad gastric pouches separated

by thin septa and without any communication with each other at

the periphery. Sometimes, however, they become transformed into

narrow vessels, between which, in the broad intervening septa, there

is secondarily developed during the subsequent growth by a separa-
tion of the two layers of the vascular-lamella, a rich network of

anastomosing canals, and near the edge of the disc a circular canal

(Aurelia, Rhizostomci).
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The gastrovascular apparatus of the cup- or bell shaped CalycozQd

aud Charyldeidce differs from the types above described, and re-

sembles that of the more primitive Scyphistoma stage, in that the

gastric cavity presents only four peripheral vascxalar pouches, which

are very wide, and separated by extremely thin septa.

The worm-like movable tentacles of the gastric cavity, the gastric

filaments, which are not found in any Ilydromedusce afford an im-

portant distinctive mark. They correspond to the so-called mesenteric

filaments of the Anthozoa, and afford the same aid to digestion

through the secretion of their glandular entodermal covering. In

every case they are attached to the sub-umbrella wall of the

stomach, and fall in the four radii of the generative organs (radii of

the second order), which alternate with the radii of the angles of the

mouth, or radii of the first order. They usually follow the inner

edge of the generative organs in a simple or convoluted curved line.

The existence of the nervous system, of the Acalcpha has only

recently been demonstrated with certainty. It has been proved that

the centres of the nervous system are contained in the ectoderm of

the stalk and base of the margin; 1 bodies, and consist of a considerable

layer of nerve fibrillse deep in the ciliated ectodermal epithelium,

the nerve cells of which are elongated in the form of a rod, and bend

round at their basal extremities to be continued directly into the

nerve fibrillag (fig. 196). There is in addition a widely distributed and

important peripheral nerve plexus in the muscles of the sub-umbrella.

Up to the present time no investigations have completely elucidated

the manner in which this nerve plexus is related to the nerve centres

of the marginal bodies, and how the latter are connected with one

another. The existence of a nerve ring on the sub-umbrella surface

has been proved only for the C'hari/bdeidce, in which the edge of the

disc is not notched (fig. 169). The antimeres of the AcalcjJta show

in nil cases a great degree of individuality, and, when cut off, are able

to live for a considerable time.

The marginal bodies, as well as the pit-like depressions on the

dorsal side of the excavations in which the marginal bodies are

placed (olfactory pits), must be considered as sen^se-organs.

The marginal bodies are morphologically the remnants of reduced

tentacles. They may be seen on the under side of the umbrella in

the stage of the Eplnjra, and are overgrown by portions of the edge

of the umbrella (Steyanvphthalmata}. [They contain a central canal

lined by endoderm and continuous with the gastro-vascular system

of the disc, fig. 196]. They appear in all cases to unke the functions
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of ocular and auditory apparatus. The auditory function is provided

for by a large saa containing crystals, which originates from the cells

of the entoderm
;
while the eye consists of a mass of pigment lying on

the dorsal or ventral face, and nearer the end of the stalk. In some

exceptional cases (Nuusithoe) it is provided with a refractile cuticular

lens. But it is in the Charybdeidte that the sense body reaches the

highest development ;
for in them, in addition to the terminal sac

of otoliths, there is also present, in the wall of the dilated vascular

space of the papilla, an extremely complicated visual organ, formed

of four small paired and two large unpaired eyes, in which lens,

vitreous body, and retina can be distinguished.

The four generative organs of the Acalepha can be easily dis-

tinguished in consequence of their size and their bright colouring.

In some cases, at any rate in the Discophora, they protrude as folded

bands into special cavities in the umbrella, the so-called sub-genital

pits (hence the term Phanerocarjxe Esch.) In all cases these bands

lie on the lower (sub-umbrella) wall of the digestive cavity (figs. 194,

195), from which they originate as leaf-like prominences. The

upper surface is covered with gastric epithelium ;
the under, which

is turned towards the sub-umbrella, with germinal epithelium, the

elements of which, in the process of development, pass into the

gelatinous substance of the band.

The formation of the cavities in the sub-mnbrelki of the Discophora

is due to a local growth of the gelatinous substance of the sub -umbrella;

in some cases, however, they may be completely absent (Discomedusa,

Nausithoe). The mature generative products are dehisced into the

gastric cavity, and pass out through the mouth; but in many cases

the ova undergo their embryonic development either in the ovary

(C'hrysaora) or in the oral tentacles (Aurelicc). Separate sexes are

the rule. Male and female individuals, however, apart from the

colour of their generative organs, have only slight sexual differences,

as, for instance, the form and length of the tentacles (Aurelia).

Clirysuora is hermaphrodite.
In the Discophora the development is generally accompanied by

an alternation of generations ; the asexual generations being repre-

sented by the Scyphistoma and Strobila', but in exceptional cases

it is direct (Pelayia). In all cases a complete segmentation leads

to the formation of a ciliated larva, the so-called planula, which

attaches itself by the pole which is directed forwards in swimming.
This pole is, however, opposite to the gastrula mouth, which in

the meantime becomes closed, while round the mouth, which is
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formed as a perforation at the free end, the tentacles appear. As
in the embryo Actinia, two opposite tentacles first make their

appearance ; not, however, simultaneously, the one appearing after

the other, so that the young larva about to develop into the Scyphis-
toma presents a bilaterally symmetrical structure. Subsequently
the second pair appear in a plane at right angles to the plane of

the first tentacles. These four tentacles mark the radii of the first

order. Then alternating with these, but in a less regular suc-

cession, the third and fourth pairs appear ; and soon after in the

plane of these latter four longitudinal folds of the gastric cavity
are developed (radii of the second order or of the gastric filaments

and genital organs).

The eight-armed Scypldstoma soon produces eight fresh tentacles,

which succeed one another in irregular succession, and alternate with

the tentacles already present. Their position determines the inter-

mediate radii of the future young Discophor or Ephyra. After the

formation of the circle of tentacles and the secretion of a clear basal

periderrn (Chrysaora\ the Scyphistoma is capable. of reproduction

by fission and gemmation. At first the Scyphistoma appears to

multiply only by budding ;
the second mode of reproduction, the

process of strobilization, begins later. This consists essentially in the

fission and division of the anterior half of the body into a number
of segments, thus changing the Scyphistoma to a StroMla. The

separation of the segments progresses continuously from the anterior

end to the base of the Strobila, so that after the disappearance of the

tentacles, first the terminal segment, then the second, and so forth,

attain independent existence. Each segment becomes an Ephyra,

developing eight pairs of elongated marginal lobes, with a marginal

body in the notch which separates the two lobes of the same

pair. It is these marginal lobes which give to the edge of the

umbrella of the Ephyra its characteristic appearance. The young
Ephyra gradually acquires the special peculiarities of form and

organization of the sexually mature animal (vide figs. 113 a
7i).

The number of nematocysts accumulated on the upper surface of

the disc and on the tentacles of many Medusce enable them to cause

a perceptible stinging sensation on contact. Many, e.g. Felagia, are

phosphorescent. According to Panceri, this phenomena originates in

the fat-like contents of certain epithelial cells on the surface.

In spite of the delicacy of their tissues, certain large Medusa'
have left impressions in the lithographic slate of Sohlenhofen

(Medusites circularis, etc.)
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t'i) Sub-order: Calycozoa (Cylicozoa).

Cup-shaped Acalepha attached by their aboral pole. They have

four wide vascular pouches separated by narrow walls, and eiyht arm-
Uke processes beset with tentacles on the edge of the umbrella.

The Calycozoa are best considered in their relation to the Scyhis-
toma. They may be looked upon as Seyphistoma deprived of

their tentacles, which indeed are only transitory structures, and

elongated so as to assume the form of a cup, and changed in

several particulars which are characteristic of the medusa stage.
The four septa arise by the fusion of the four gastric folds with
the wide oral disc, which becomes drawn in and concave like a sub-

umbrella. These four septa separate the same number of gas-

FIG. 197. a, A Calycozoon (Luccrnar'a) from the oral surface magnified about 8 diameters.

S, Septa of the four gastric pouches ; L, longitudinal muscle fibres with the genital band ;

Hi, marginal tentacles, b, The Calycozoon seen from the Bide ; G, Genital organs ; Gm,

gastric fold in the stalk
;
at the base ia the foot gland.

trovascular pouches ; while the margin of the cup is drawn out into

eight arm-like processes, from which groups of short, knobbed

tentacles arise (fig. 197).

The genital organs extend on the oral wall of the umbrella into

the arms as eight band-shaped, plicated ridges. They run along in

pairs at the lower part of each septum in the gastric cavity. The

ovum, according to Fol, undergoes a complete segmentation, which

results in a single-layered blastosphere. This becomes an oval, two-

layered larva, which becomes ciliated, swims freely about, and finally

attaches itself. The further development probably takes place

directly without alternation of generations.
17
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Fam. Lucernaridae. Lucernaria 0. Fr. Mliller, Calycozoa with four radial

chambers ;
without genital pouches, and without the accessory chambers of

the di<r^>stive cavity alternating with these. L. /jutulricor/tiit 0. Fr. M tiller,

camj>anulata Lmx. Craterolophus Clark, with genital pouches and four

chambers of the gastric cavity alterna-

ting with them. Or. LrurJutrti Tschb.

= lielgolandica Lkt., Heligoland.
The Lucernaria are without exception

marine animals, and are remarkable for

their great reproductive power. Accord-

ing to A. Meyer, if the stalk be cut off,

the cup reproduces a new one, and

injured individuals, and even excised

pieces, can become perfect animals.

(2) Sub-order : Marsupialida

Tetra-radiate Acalepha having a

four-sided pouch-like form. The

velum has a smooth margin, and

contains vessels prolongations of

the gastro-vascidar system]. On the

margin of the disc there are four

vertically placed lobe-like appen-

dages. There arefour covered sense

organs, and the same number of

vascular pouches separated by nar-

row partition walls.

The Charybdece are distinguished

by the deep bell shape of their body,

and were formerly reckoned as

"
Craspedota

"
among the Hydro-

medusce, with which they certainly

have some characteristics in com-

mon. Amongst these character-

istics the most striking is the

possession of a smooth-edged velum.

which, however, contains vessels.

Qn the other hand, the presence of

the gastric filaments and ot the

large sense organs enclosed in

niches points to a relationship with the Acalepha ; and this view is

supported by the character of their whole structure, in which the

peculiarities of the Lucernaridce are perceptible, though greatly

FIG. 198. CJiai-i/bdea miirnipiaiis, natural

size. T, Tentacles; RTc, marginal bodies

(sense organs) ; Oo, ovaries.
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modified. As in Lucemdridce, the vascular spaces are wide pouches
divided from each other by four narrow septa (figs. 198, 199).
The nervous system is allied to that of the Hydromedusce by the

presence of a sharply defined nerve-ring. This nerve-ring is placed
on the sub-umbrella side of the bell, and, since at the bases of the

four sense organs it lies further from the margin than it does at the

corners of the bell, it has a sharply marked, zig-zag course. The
nerve fibrillfe given off from it mostly supply the muscular system of

the sub-umbrella, and there give rise to numerous reticula of fibrillse

connected with large ganglion cells. Large bundles of fibriUse com-

parable to nerves have only been found in the four radii of the mar-

ginal bodies. The latter attain a high degree of development, since

the knob-like swelling in which they terminate possesses, in addition

to the lithocyst, a complicated visual apparatus consisting of two

large unpaired median eyes and four

small paired lateral eyes.

The generative organs have a very

peculiar form. They are separated
from the gastric filaments and as

thin, rather broad plates attached in

pairs to the four partition walls,

reach the whole length of the

vascular pouches. Unfortunately

nothing is as yet known of the

development.

Fam. Charybdeidae. Charyldca mar-

supial is P6r. Les. (Marsupialis Planci

Les.) Mediterranean.

Fie. 199. The apicalhalf of a Charybdea
divided transversely, seen from the

sub-umbrella aide. The four oral

arms are visible. Oo, Ovaries on the

four septa, S; Ost, ostia of the gas-
trie pouches ; Gf, gastric filaments.(3) Sub-order : Discophora (Acra-

speda), Ephyra-meduscv.

Disc-shaped Acalepha, the margin of ivhose disc is divided into eight

lobes. They have at least eiijht sub-marginal sense organs contained in

niches, and with, the same number ofocular lobes. As a rule there are

four great cavities in the umbrella for the generative organs.

The Discophora, which are generally known simply as Acalepha,

can at once be distinguished from the Calycozoa and the Charybdeidce

by the disc-shaped lobed umbrella and usually by the large size of

the oral tentacles. The lobes of the umbrella, however much they

may differ in detail, can always be reduced to the eight pairs of

lobes of -the Epliyra, which, as the common starting-point of the

Discophora, presents most clearly the eight-rayed symmetry char-
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acteristic of the group. The striped muscles of the sub-umbrella

are strongly developed to correspond with the great size of the body ;

and beneath them the supporting lamella is usually thrown into a

number of closely aggregated circular folds, thus causing a consider-

able increase in the surface on which the muscular epithelium with

its circularly arranged fibres are placed.

The generative organs have the form of horse-shoe shaped frills

which project into four widely open cavities in the sub-umbrella,

the sub-genital pits. These cavities are not developed in some ex-

ceptional cases (Nausithoe, Discomedusa). The geiminal epithelium,

RK

FIG. 200. Aurelia aurita, seen from the oral surface. 3IA, The four oral arms with the

mouth in the centre
; Gk, The genital frills ; GH, Openings of the sub-genital cavities ;

Kk, Marginal bodies ; BO, Radial vessels ; T, Tentacles on the margin of the disc.

which is always embedded in the gelatinous substance, is covered

with an endodermal layer, and is probably itself an endodermal

product (fig. 200). Development takes place by alternation of gene-

rations. In rare cases (Pelagia) the development is simplified, and

the larva passes directly into the Ephyra, missing out the attached

Scyphistoma and the Strobila stage (Krohii).

1. Semceostomece. Discophora with large central mouth sur-

rounded by four large often multi-lobed oral arms. The form of the
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umbrella edge, the number of lobes and marginal tentacles present

great variations.

Fam. Ephyropsidae. Epli ryopsls, Ggbr. (_Niix\tli<'e Roll). Disc small and

like that of Eplnjra, -vith sirrvple gastric sacs, without oral arms, but with eight

marginal tentacles. The genital organs (in four pairs) do not lie in umbrella

cavities. E.pi'lti'jica Kb'll., Mediterranean and Adriatic.

Fam. Pelagidue. Pel/ir/ia Pe"r. Les. With wide gastric pouches and eight

long marginal tentacles in the interradii. No alternation of generations. P.

noctiluea Per. Les., Mediterranean. Chrysaora Per. Les., with twenty-four

long marginal tentacles. The radial and intermediate gastric pouches are per-

ceptibly different. Chr. liysoscclla Esch. Hermaphrodite, North Sea and

Adriatic.

Fam. Cyaneidae. Cyanea Per. Les. The tentacles are united in bundles on

the under surface of the deeply lobed thick disc. There are sixteen (eight

radial and eight intermediate) more or less wide gastric pouches, which break

up near the end of the marginal lobes into small ramified vessels. C. capillata,

Esch.

Fam. Aurelidse. Dlscomediisa, Cls. With large oral arms, with branched

vessels and 24 marginal tentacles. Subgenital pits present. D. lobata, Cls..

Adriatic. Aiirelia, Per. Les., with branched radial vessels and edge of disc

fringed with small tentacles. A. aurltii L. (Mrdusa aurita L.), Baltic, North

Sea, Adriatic, etc. A.flavidula Ag., coast of North America.

2. Rltizostomece. No central mouth, funnel-shaped slits in the

eight oral arms and eight, rarely twelve, marginal bodies on the lobed

margin of the disc. There are no marginal tentacles. The central

mouth, which is at first present, becomes closed during the larval

development by the fusion of the edges of the lips. Funnel-like splits

are formed on the folded edges of the four pairs of arms, the so-

called suctorial mouths, by means of which microscopic bodies are

received into the canal system of the oral arms (fig. 195).

Rlilzostoma Cuv. The arms end in simple tubular prolongations, and bear

accessory tufts at their bases. Rk. Cuvieri Per. Les., Ci'phea Per. Les. The
branched oral arms have groups of nematocysts and long filaments between

the terminal tufts. Ccplica Per. Les. {Cassiopea) borbonica Delle Ch., Medi-

terranean and Adriatic.

CLASS III. CTEXOPHOEA.*

Medusas of spherical or cylindrical, rarely band-shapedform ; with

eirjht meridional rows of vibratile plates formed of fused cilia. They
* C. Gegenbaur, "Studien iiber Organisation und Systcmatik dcr Cteno-

phoren." Archie, fiir Miturrjesclt., l*~i(>. L. Agassiz, "Contributions to the
Natural History of the United States of America," vol. iii., Boston. I860.

A. Kowalevski, "Entwickelungsgesehichte der Eippenquallen," Petersburg, 1866.

H. Fol,
' Ein Beitrag zur Anatomic und Entwicklungsgeschichte einiger Rip-

penquallen,'' Inaugural dissertation. Jena, 18fi9. A. Agassis,
"
Embryology

of the Ctenophorae," Cambridge, U.S., 1874. C. Chun, "Die ^tenonhoren des
Golfes von Neapel," Leipzig, isso.
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possess an cesophageal tube and a gastro-vascnlar canal system. Two

lateral tentacles, ichich can be retracted into pouches, are often present.

The Ctenophora possess a shape which can in all cases be

reduced to a sphere. They are radially symmetrical free-swim-

ming Cadenterata of gelatinous

consistence. The body is often

bilaterally compressed, so that it is

possible to

distinguish

two planes

passing
through the

long axis at

right angles

to one an-
FIB. 201. Cydippe, seen from the

apical pole.' S, Sagittal plane ; T, Other ; these

transverse plane; R, swimtring ^Yethesaqit-
platcs ; Gf, gastro-vascular system.

tal planeand

the transverse plane, and are analogous

to the median (longitudinal vertical), and

lateral (longitudinal horizontal) planes of

bilaterally symmetrical animals (fig. 201).

The arrangement of the internal organs

bears a relation to these two planes. All

parts of the body which occur in pairs, as

the two tentacles, the gastric canals, the

hepatic bands of the stomach, and the

vessels which give origin to the eight lateral

canals, all lie in the transverse plane, while

the sagittal plane coincides with the longer

axis of the ossophageal (gastric) tube (whence

also called the gastric plane), the two so-

called pol :r-fields, and the terminal vessels

of the infundibulum.

The infundibulum is so compressed that Flo . 202.-

its longest diameter falls in the lateral

plane, which on this account is sometimes

called the infundibular plane. Since these two planes divide the body

into halves, which correspond with one another, and since there is no

division into dorsal and ventral surfaces, the arrangement of the

body may be said to be bi-radially symmetrical, but cannot be called

<after ch >- -
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bilaterally symmetrical, although each half possesses this property.

The body is divided by these two perpendicular planes into four

similar quadrants.

Locomotion is principally effected by the regular vibration of the

hyaline swimming plates, which are disposed over the surface of the

body in eight meridional rows, in such a way that each quadrant

possesses two rows of plates, a transverse and a sagittal (fig. 202).

Locomotion is also assisted by the contractility of the muscle fibres

of the gelatinous tissue
;

this contractility in the band-shaped
Cestidce causes an undulating motion of the whole body.

The mouth, which is sometimes surrounded by umbrella-shaped
lobed processes of the gelatinous tissue, leads into a wide (Beroe) or

narrow cesophageal tube, which in the latter case soon becomes

flattened and broad. The oesophageal tube is furnished with two

hepatic bands, and com-

municates posteriorly,

by an opening capa-

ble of being closed by

muscles, with the gastric

cavity, or, as it is com-

monly called, the in-

fundibulum. The long

cesophageal tube projects

and opens freely into

the infundibulum, and

is completely surrounded

by the gelatinous sub-

stance, as far as the level

of the two longitudinal vessels which accompany the two lateral

surfaces in the transverse plane.

The infundibulum, which is in all cases compressed in a direction

at right angles to the oesophageal tube, gives off eight vessels to

the swimming-plates. These vessels have a bi-radial symmetry. It

also gives off two vessels, which are dilated into two terminal sacs
;

the latter surround the sense-organ at the aboral pole, which is

known as the otolith vesicle, and each of them opens to the exterior

by an orifice which is placed in a diagonal plane and is capable of

being closed. Two tentacular vessels may arise from the bottom of

the infundibulum. The internal surface both of the ce.-ophageal tube

and of the infundibulum and its vessels seem to be comnletelv clothed

with cilia.

FiO. 2!"3. Aboral end of Calllanira bialafa (after R.

Hertwip). x, The two polar spaces ; w, the beginning

of the eight rows of swimming plates, between which

the otolith vesicle and the nerve plate are seen.
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Up to the present time, the nervous system of the Ctenophora

(fig. 203) is but imperfectly known. There is no doubt that the

large vesicle found at the aboral pole, with its clear fluid and

vibratile otoliths, is a sense-organ ;
it is also exceedingly probable,

taking into consideration the organization of the Acalepha, that

the central nervous system of the Ctenopliora is contained in the

thickened base of the vesicle, the, Otollth plate, especially as the latter

is also closely united with a second sense-organ, the sagittal polar

areas, which have already been described by Fol as olfactory organs,

and is also directly connected with the swimming plates by eight

ciliated grooves.

True nematocysts are but seldom found in the ectoderm of the

Ctenophora, but they are represented by

peculiar fixing or prehensile cells, the base

of which is prolonged into a spirally coiled

thread, while the projecting and convex free

end (fig. 204) is of a glutinous consistence,

and becomes readily attached to any object

which touches it.

The Ctenophora are hermaphrodite. Both

kinds of generative products arise on the wall

of the vessels of the swimming plates or of

blind sac-like diverticula of the same. Some-

times their production is localised (Cestum) ;

sometimes they originate along the whole

length of the canals, one side of the latter

being beset with egg-follicles, the other with

sperm-?acs (Berue}. The germ layers, which

arise from the ectoderm, are covered by
entodermal epithelium, and are separated
from one another by a projecting fold.

Ova and spermatozoa pass into the gastro-

and are ejected through the apertures of the

FIG. 20-1. Smooth muscle

fibres, prehensile cells

(Iff), and tactile cells (b),

from the lateral filaments

of the tentacle of Euplo-
camis ftutionii (after R.

Hertwig). kf, Prolonga-
tion of the contractile

thread of a prehensile cell.

vascular

same.

The

cavity,

fertilized fittingovum, which is enclosed by a loosely

membrane, consists, as in the case of many Medusce, of a thin outer

layer of finely granular protoplasm (exoplasm) and a central food

yolk (endoplasni), containing vacuoles. The segmentation, which is

complete, leads to the formation of two, four, eight segmentation

spheres, each of which, like the original ovum, consists of a central

^, surrounded by a thin layer of finely granular protoplasm. Tn
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the stage with four segments, the segments are so disposed that two

perpendicular planes placed between them would correspond to the

two principal planes of the fully developed animal. Each of the four

spheres gives rise to one of the four quadrants of the adult animal

(Fol.)
The whole mass of the finely granular exoplasm now becomes

collected at the upper end of the segmentation spheres, where it is

separated off and gives rise to eight new small spheres. These, by

continued division, break up into a great number of small nucleated

cells, which increase rapidly and grow round the eight large seg-

mentation spheres or the cells produced from them.

The young Ctenoplwra sooner or later leave the egg membranes,

and at this period differ more or less from

the sexually mature animal in the simpler

and usually more spherical form of the

body, in the small size of the tentacles

and swimming plates, and in the differ-

ence in the relative size of the resophageal

tube, infundibulum, and vascular canals.

The differences are most striking in the

lobed Ctenojihora (with the exception of

Cesium], the embryos of which have a

great similarity to the young of Cydippe,

and have no traces of bi-radial structure.

It is only after a longer period of larval

life that the completely mature form is

attained by the unequal growth of the

swimming plates and their canals, the out-

growth of the tentacle-like processes, and

the formation of two lobe-like projections

round the mouth from those halves of the

body which correspond to the longer rows

of swimming plates. The phenomenon
remarked by Chun is worthy of notice, that the young of Eucharis,

while still in the larval stage, become sexually mature during the

hot period of the year.

The Ctenopliora live in the warmer seas, and, under favourable

conditions, often, appear in great quantities at the surface. They
feed on marine animals of various size, which they capture with

their tentacles. Many, as the Beroidce, which do not possess tenta-

cles, are compensated for this deficiency by the possession of an

unusually large mouth (fig. 205), by means of which they are able

FlG. 205. B.:rog oratus. Of,

Lithocyst, at its sides are the

small tentacles of the polar
areas ; Tr, infuiidibuluni.



to receive relatively large bodies, even fishes, into the wide oesophageal

tube, and to digest them. Although the average size is small, some

of them, as Cesium, Eucharis, reach the length of a foot.

Fam. Cydippidae. Body slightly compressed, spherical or cylindrical, with

extremely regular development of the swimming plates. Their structure is

therefore apparently octoradial . They possess two tentacles
;
the vessels of the

stomach and swimming plates end blindly. Ct/dij)pe Iiormi2>hora Ggbr. =

Ilormipnora plumoaa Ag., Mediterranean. Esclischoltzia cordata Koll.,

Mediterranean.

Fam. Cestidae. Body elongated to the form of a band in the direction of the

sagittal plane. Two tentacles. Vexillum paralleluin Fol., Canary Isles.

Cestum Veneris Less., Venus' Girdle, Mediterranean.

Fam. Lobatae. The laterally compressed body possesses two umbrella-like

lobes near the mouth, and has relatively small tentacles. Eurhampliaca vc.ril-

ligera Ggbr., Mediterranean and Atlantic Ocean. Cldnja papillosa, M. Edw.

(Alcinde papillosa Delle Ch. = Xcapolitana Less.), Mediterranean.

Fam. Beroidse. Characterised by the laterally compressed body with fringe-

like appendages on the periphery of the polar spaces ; without tentacles.

Beroe ForsJialii M. Edw. (albcsccns and rtifescens Forsk.), Idyiopsis Clarlii

Ag., Pandora Flcmmingii, Esch.

CHAPTER VIII.

ECIIINODERMATA.*

Animals with a radial, usually pentameroiis arrangement. TJiey

possess a skin bearing spicules and indurated by calcareous deposits, a

digestive canal, a water-vascular apparatus, and a true vascular system.

The radial arrangement of the Echinoderms was for a long time

held to be a character of typical value, and was the principal reason

why, since the time of Cuvier, the Echinoderms were included in

one group, the Radiata, with the Medusse and Polyps. It is only

in recent times that R. Leuckart has effected the separation of the

Echinoderms from the Coalenterates.

The organization of the Echinoderms does in fact appear so different

from that of the Coelenterates, and seems to belong to a so much

higher grade of development, that the combination of the two groups
* Fr. Tiedemann,

" Anatomie der Rohrcnholothurie, des pomeranzfarbeuen
Scesterncs und des Stcin-Seeigels," Heidelberg, 1820. Joh. Milllcr,

" Uher den
Bau der Echinodermen," Abh. der Berl. Akad, 1853. Joh. Miiller,

" Sieben

Abhandlungen iibcr die Larven und die Entwickelung der Echinodermcn." Abh.
der Berl. Akad, 1846, 1848, 18)9, 1850, 1851, 1852, 1854. A. Aeassiz,

"
Embryo-

logy of the Starfish." Contributions, etc.. YoL, V. 18G4. E. Metschnikoff,
" Studien iiber die Entwickelungsgeschichte der Echinodc-rmon und Nerner-

tinen," St. Petersburg, 1-<C9. H. Ludwig,
"
Morpholoirische Studien an

Echinodermen," Leipzig 1877 and 1878.
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as Eadiata is inadmissible, and so much the more so since the radial

arrangement of the structure exhibits some transitions towards a

bilateral symmetry. The Echinodermata are separated from the

Cielenterata by the possession of a separate alimentary canal and

vascular system, and also by a number of peculiar features both of

organization and of development.

The arrangement of the parts round the axis of the body is usually

pentamerous. Nevertheless when the rays are more numerous, irre-

gularities in the repetition of the similar organs are met with. If

we take as the fundamental form of the Echinoderm type a spheroid
with the principal axis somewhat shortened and the poles flattened

and dissimilar, the long axis of the radial body will be this chief

axis, and the mouth and anus the two poles (oral and anal poles).

We can imagine five planes pass-

ing through the long axis of this

spheriod, each of which will divide

the body into two symmetrical
halves. The perfect correspondence

of these halves is, in the body of

Echinoderms, disturbed by the dif-

ferent forms and significance of the

two poles, so that our representation

is not an exact one. The ten meri-

dians, which are separated from one

another by equal intervals and fall

in these five planes, are differently

related to one another, inasmuch as

five alternate ones, which are called

the chief rays, or radii, contain the

most important organs, the nerves,

the vascular trunks, the ambu-

lacral feet, etc., while the other five meridians constitute the

intermediate rays or inter-radii, and also contain certain organs

(fig. 206). It is only in cases of complete equivalence of the radii

and inter-radii that the echinoderm body presents a pentamerous

radial arrangement (regular Echinoderms). It is, however, easy to

show that this regular radial symmetry never occurs in its perfect

form. Since one organ or another, e.g.,
the madreporic plate, the

stone canal, heart, etc., always remains single, and does not fall in

the axis of the body, it will be only those planes, in the radius or

inter-radius of which the unpaired organs fall, which can fulfil the

Fio. 206. The shell of a regular Sea-

urchin seen from above. R, Radius

with double row of perforated plates ;

J, inter-radius with the genital organs
and their pores. In the right ante-

rior inter-radius is the madrepcric

plate.
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conditions which admit of the body being divided into two exactly

symmetrical halves.

Even these planes do not

exactly fulfil these con-

ditions, since the re-

maining organs are not

strictly symmetrical in

regard to such a plane.

Very frequently one

of the rays differs in size

from the others, and

then we have an irregu-

larity in the external

form of the Echinoderm,

which renders the bi-

lateral symmetry visible

even from the exterior.

The pentamerous body
of the Echinoderm may
become bilateral, the

plane of the unpaired

ray forming a median

plane, on each side of which two pairs of equal rays are repeated.

We can distinguish an upper sur-

face (apical pole) and an under

(oral pole), a right and left side

(the two paired rays and their

inter-radii), an anterior end (un-

paired radius) and a posterior

(unpaired inter-radius). In

irregular Sea-urchins, the bilate-

rally symmetrical form is

more strongly marked. Not only

is the unpaired radius of abnormal

size and form, and not only are

the angles at which the principal

ray and the accessory rays cut

Fro. 207. CJypsaster rosaceut, from the dorsal side. The
madreporic plate is situate in the centre and is sur-

roundad by five genital pores and by the five-leaved

rosette. The unpaired radius is directed forwards.

At the side is the median portion of the ventral sur-

face. O, mouth
; A, anus.

each other equal only in pairs, but FIG. ws.Srhnaster (Spafan/jiiia), frorr. the

., ,-,, ,
. 7 / r- \f\-\ ventral side. O, mouth; A, anus; P,

also in the Clypeastmdea (fig. 20 1
), pores of the ambulacral fcet .

the anus is removed from the doival

pole to the ventral half of the body in the unpaired inter-radiu<=,
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while, in Spatangidce, both poles, or only the oral pole, are shifted

in the direction of the unpaired radius, and become eccentric

(fig. 208).

Only a few of the regular Echinodermata have the means of loco-

motion on all the five rays, and seldom then along the whole length
of their meridians

;
far more frequently the area surrounding the

oral pole becomes with regard to the position during movement the

ventral surface
;

it is flattened and mainly or entirely possesses the

organs of locomotion (am-
bulacral surface). These re-

lationsalways obtain among
the irregular Echinoder-

mata which do not move

indifferently in the direction

of all five rays, but princi-

pally in that of the unpaired

one. In these animals the

mouth, and therewith the

oral pole, being pushed to-

wards the anterior edge,

the two posterior radii

(bivium) seem principally

concerned in the formation

of the ventral surface (Spa-

tangidce). It is otherwise

in the case of the cylindrical

Holothurians. Their mouth

and anus preserve the nor-

mal position at the poles

of the elongated axis, and

the body is not unfrequently

compressed in the direction

of the axis in such a

manner that three radii (trivium) with their organs of locomotion

are placed on the foot-like ventral surface. On the body of these

Holot/wirians one unpaired and two paired radii can be distinguished,

only in this case the unpaired radius with its inter-radius marks, not

the anterior and posterior, but the dorsal and ventral surfaces.

In many Echinoderms (Echinoidea) the oblate spheroidal form is

the prevalent one. The principal axis appears shortened, the apical

pole may be either pointed or flattened, and the ventral half is

FIG. 209. Cuciimarla with extended dendritieally

branched tentacles (Tj. Af, ambulacral feet.
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flattened out to form a more or less extended surface. The cylin
drical form is obtained by an elongation or *~ dothuroided)

FIG. 210. Calcareous bodies from the internment of Holothu-
rians. a, calcareous wheels of Chirodota- b, anchor with
supporting plate of St/napta c, chair-like bodies ; d, plates of
Hulothuria impatims; e, hooks of Chirodota.

(fig. 209), the round form by a shortening of the same and the penta-
gonal disc by the latter process combined with a simultaneous elonga-
tion of the radii. If the radii are elongated till they are two or more

times the length

of the inter-radii,

the form takes

the shape of a

star (Asteroidea),

which may be

either flat or

arched. The arms

of the star may be

simple processes of

the disc, and en-

close a part of the

body cavity (Stel-

leridea, Star-fish}, or they may be more independent moveable organs
sharply marked off from the disc, and as a rule simple (Ophiuridat),
but sometimes branched (Euryalidce), or they may even bear simple
jointed side twigs, the pinnulce (Crinoidea).
An important characteristic of the Echinodermata is the indura-

tion by calca-

reous deposits

of the deeper

layers of the

integument
(dermal con-

nective tis-

sue), so as to

give rise to a

solid more or

less moveable

or even im-

moveable ar-

mour. In the

leathery IIolo-

thuroidea (fig. 210) alone these skeletal structures are confined to

isolated calcareous bodies, which are embedded in the integument, and

have a definite form of latticed plates, wheels, or anchors. In these

FIG. 211. Skeletal plates of Astropecten Hemprlchtii (after J. Miiller).

DIt, dorsal marginal ossicles
; VR, ventral marginal ossicles

; A/>,

ambulacral ossicles
; Jp, intermediate interambulacral ossiclea ; Ad]>,

anterior adambulacral ossicles projecting into the mouth.
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cases the dermal muscular system is strongly developed, and has tiie

form of five pairs of bundles of longitudinal muscles, external to which

is a continuous layer of circular muscular fibres covering the internal

surface of the integument. In the Star-fishes and Brittle-stars a

moveable dermal skeleton is formed on the arms consisting of calcare-

ous masses (ambulacral ossicles), connected

together like vertebrae, while the integu-

ment of the dorsal surface is filled with

calcareous plates, and bears projecting

pr /cesses and spicules (fig. 211).

The exoskeleton in the Sea-urchins is

immoveable. It consists of twenty meri-

dional rows of solid calcareous plates

immoveably connected together by their

edges so as to form a firm shell, which

is continuous except at the two poles,

where it is interrupted by membranous

structures. The rows of plates are ar-

ranged in two groups, each with five

pairs ; of which the one group is radial

in position and consists of plates pierced by

the pores for the exit of the

ambulacral feet (ambulacrdl

plates, fig. 212) ;
the other be-

longs to the inter-radii, and the

plates are unpierced (the interambulacral plates, fig. 206,

R, J). Near the apical pole, which in the Crinoidea and

the embryonic Echinoidea is occupied by a single plate

(central plate), there is, in the Sea-urchins, a small area

covered with minute calcareous plates and containing the

anus. Around this area the five ambulacral and the five

interambulacral rows terminate, each in a pentagonal

plate ;
the former ending in the smaller radial ocular

plates (fig. 206), the latter in the larger inter-radial

genital plates. The Crinoidea, in addition to the

dermal skeleton of the disc, possess a stalk, which is

composed of pentagonal calcareous masses, arises from

the dorsal side of the body, and becomes attached to firm sur-

rounding objects.

Amongst the appendages of the dermal armour, the numerous

and variously shaped spines and the pedicellarite must be mentioned.

FIG. 212. Third ambulacrum
of a young Toxopneuttes droe-

lachensts of 3 mm (after Lov^n).

Op, Ocu!ar plate ; P, primary
plates and tentacle pores. The
sutures of the primary plates
are visible on the plates ; Sw,
the tubercles to which, the

spines are articulated.

FIG. 213.-

Pedicella-

ria of a

Leiocidaris

(after Per-

rier).
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The former are moveably articulated to the knobbed tubercles on

the shell of the 'Sea-urchin, and are raised and moved laterally by

special muscles developed in a soft superficial dermal layer. The

pedicellarite (fig. 213) are stalked, prehensile appendages furnished

with two, three, or more rarely four jaws, which are continually

snapping together. They are especially collected around the mouth

of the Sea-urchin and on the dorsal surface of the Star-fish.

Small transparent bodies, sphceridia, are found in the living-

Sea-urchins, and probably have the value of sense organs. In the

Spatanrjidce, knobbed and ciliated bristles (clavulce) are found upon
the so-called

-"
fascicles.

The Echino-

dermata are

especially cha-

racterised by
the possession

of the peculiar

water - vascular

system and of

the distensible

ambulacra! feet

connected with

it (figs. 214,

215). This
arnbulacral vas-

cular system
consists of a

circular vessel

surrounding
the oesophagus,

and of five

radial vessels

projecting into the rays. These vessels have ciliated internal walls,

and contain a watery fluid. Very frequently a number of vesicles,

the Polian vesicles, are connected with the circular vessel, also a

number of racemose appendages, the significance of which is not

fully understood. In connection with the circular vessel there is

also a stone canal (in rare cases more than one are present), which

permits of communication between the sea water and the fluid

contents of the water vascular system. This canal, which is PC

Am

FIG. 214. Diagram exhibiting the relations of the different systems
of organs in an Echinus (after Huxley). O, mouth ; A, anus ; Z,
teeth ; L, lips ; Aur, auriculae of the shell

; re, retractor and pro-
tractor muscles of lantern

; Sff, circular arnbulacral vessel ; Po,

pyiian vesicle ; It, radial vessel of the same, with side branches
to the ambulacral feet (Am); Sc, stone canal; M, madreporic
plate; St, spine; Pe, pedicellarias.
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called on account of the calcareous deposits in its walls, either

hangs within the body cavity,

whence it takes up fluid through
the pores in its walls (HolotJtn-

rians), or ends in a porous calca-

reous plate, the maclreporic plate,

which is inserted in the external

covering of the body, and through

the pores of which the sea water

percolates into the lumen of the

canal system. The position of

the madreporic plate varies con-

siderably. In the Clypeastridea

it is at the apical pole ; in the

Cidaridea and Spatangidea it is

interradial, and falls in the an-

terior right interraclius near the

apex ;
in the Astericlea it is also

interradial and dorsal
;

in the

Euryalidce and the Ophiuridce it

lies on one of the five buccal

plates. Some Echinoderms, e.g.,

species of Ophidiaster and Echi-

naster echinites, possess several

stone canals and madreporic

plates.

On the lateral branches of the five or more radial trunks are found

the appendages known as the

ambulacral feet (fig. 216).

These are extensible tubes or

sacs, which pass through pores

and openings in the dermal

skeleton and project on the

surface of the body. They
are capable of being swollen

out, and are frequently pro-

Fit?. 215. Diagramatic representation of

the water-vascular sj stem of a. Star-fish.

Me, Circular vessel ; Ap, ampulloe or Polian
vesicles ; Sic, stone canal

; A% madreporic
plate ; P, ambulacral feet connected with
the side twigs of the radial canals

; Ap',
the ampullae of the same.

FIG. 216. Diagrammatic section through one of

the arms of Axteracanthion (after VV. Lunge).
JV, Nervous system; P, ambulacral fjet ;A,
calcareous portions of integument ; T, dermal
branchia.

vided with a sucking disc at

their free extremity. Con-

tractile ampullae are placed at

the point of junction of the

Lube feet with the side branch of the radial vessel they force the

18
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fluid into the feet and cause them to swell, and hence to project.

A number of feet so distended affix themselves by means of their

sucking discs
; they then contract and draw the body slowly in

the direction of the radii. The number and distribution of these

appendages are subject to numerous modifications. Sometimes

FIG. 217. Hen-urchin divided along the equatorial line (after Tiedernann). D, Digestive
canal fixed to the shell by mesentery ; G, generative organs ; J", inter-radial plates.

they are arranged in rows along the whole length of the meridian

from the oral region to the periproct (Cidaridea and Pentacta).

Sometimes they are scattered irregularly over the whole surface

of the body, or only over the foot-like ventral surface, as in the

FIG. 218. Longitudinal section through the arm and disc of Solutfcr endeca (somewhat
altered after G. O. Sars). 0, mouth leading into the wide stomach

; A, anus
; Z, radia-

hepatic diverticulum of the stomach ; G, genital organs ; MJ, madreporic plafce ; J>, inter-

radial diverticulum of the rectum
; Af, ambulacral feet

Ilolothurians. In some cases they are confined to the oral surfacOj

as in all the Asteroidea. We are able therefore to distinguish an

ambulacral and an antambulacral zone the first coincidi-ng with .the

oral and ventral surfaces, the latter with the dorsal surface. Never-

theless the ambulacral feet are variously constructed, and do not in
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Sc

all cases serve for locomotion. In addition to the ambulacra! feet,

great tentacle-like tubes may be present as appendages of the water-

vascular system ;
the circle of tentacles round the mouth of Ifolo-

thurians (fig. 209) is composed of such appendages. We also find

leaf-like appendages

arranged over four

or five-leaved rosette-

shaped areas, forming
the ambulacra! gills of

the Spatanyidea and

Clypeastridea (figs.

207 and 208). The

irregular Sea-urchins

all possess in addition

ambulacra! feet upon
the ventral surface.

These are in the Cly-

peastridea almost mi-

croscopic in size
; they

are very numerous,

and are arranged in

branched rows or are

irregularly distributed

over the surface.

The Echinodermata

possess an alimentary
canal distinct from

the body cavity ; it

can be divided into

three parts oesopha-

gus, stomach, and

rectum. The anus is

placed usually at the

centre of the apical

nolp nvplvin in intpr Fl<5 ' 21f)'~HoMJtur - a tululita, opened long! vuTinally (after6
'
Fl

M. Edwards). O, Mouth in the midst of the tentacles

Cl

radius on the ventral

.side. The intestine

may, however, end

blindly, as for example"
in all the Ophiuridce and Euryalidce, also in the genera A&tero-

pecten, Ctenodiscus, and Luidia, which have no anus. The mouth

(T) D, digestive canal ; Sc, stone canal
; P, Po'iau

vesicle
; Eg, circular vessel of the water-vascular system ;

Ov, ovaries; Ag, ambulacral vessel; M, 'ongitudinal
muscles

; Gf, vessel tr the intestine ; CI, cloaca ;
WI,

respiratory trees.
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is often surrounded by projecting skeletal plates armed with

spicules. There may even be developed, as in the Cidaridea and

Clypeastridea, pointed teeth covered with enamel, constituting a

powerful masticatory apparatus, which again is supported around

the oesophagus by a system of plates and rods. This
appagfrtus

is

known as Aristotle's Lantern (fig. 214). In the Holothurians, on

the other hand, there is a calcareous ring round the oesophagus. It

is formed of ten pieces, and serves for the attachment of the longi-

tudinal bundles of the dermal muscles.

In the Star-fishes the digestive canal is invariably short, sac-like,

and beset with branched blind appendages, some of which lie in the

disc, while some project a long way into the arms. In the Asteroidea

we find five pairs of strongly developed multilobed diverticula of

the middle division of the alimentary canal (fig. 218). The five

diverticula of the short rectum which fall in the interradii are

much shorter, and perhaps perform the function of kidneys, while

the longer diverticula increase the digesting surface. In the other

Echinoderms the narrow intei-tine is much increased in length, and

is either, as in Comatula, coiled round a spindle in the axis of the

disc, or, as in the Sea-urchins, describes some convolutions (fig. 217),

and is attached to the inner surface of the shell by fibres and

membranes. In the Holothurians also the intestine is, as a rule,

much longer than the body, and is usually folded upon itself three

times and attached by a sort of mesentery (fig. 219).

The true vascular system is very difficult to trace. It consists in

most Echinoderms of a ring-like vascular plexus surrounding the

oesophagus. From this circular vessel radial vessels pass oft' one to

each ray, and these trunks again give oft' other branches. There is

in addition on the dorsal surface a second circular vessel, which sends

off branches to the stomach and generative organs. These two

vascular rings are connected by a supposed heart, which, according

to Ludwig, consists of a close plexus of contractile vessels. In the

Holothurians, besides the vascular ring round the oesophagus, only

two trunks with their branches to the intestine are known. The

blood is a clear, slightly coloured fluid, in which numerous colourless

blood corpuscles are suspended.

Special organs of respiration are by no means universally found.

The entire surface of the external appendages, as well as the surface

of the organs suspended in the body cavity, and especially of the

intestine, appear to play a part in the exchange of the gases of the

blood. The sea-water very likely enters by the pores in the madre-
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poric plate into the body cavity, and is kept in active movement by

the cilia which line the body cavity and the perihsemal canals ; in

this way the surface of the internal organs is continually bathed by

water. The leaf-like and pinnate ambulacral appendages (ambulacral

branc/die) of the irregular Sea-urchins are regarded as special organs

of respiration, as also are the csecal tubes (dermal branchiae), which

project from the surface of the

integument and communicate with

the body cavity in some regular

Sea-urchins and in the Asteridea.

These dermal branchiae are dis-

tributed in the Asteridea over the

whole dorsal surface as simple tubes,

and in the Echini they surround

the mouth as five pairs of branched

tubes. Lastly there are the so-called

respiratory trees of Holothurians ;

these are two large tree-like branched

tubes which open by a common stem

into the cloaca. The water which is

taken into these organs can be again

ejected with great force (fig. 219).

The nervous system (fig. 220) consists of five principal nerves

running down the five rays. These nerves in the Asteridea lie imme-

diately beneath the epidermis of the ambulacral groove, external to

the radial blood vessel and water vascular trunk : they send off

numerous fibres to the ambulacral feet,

the muscles of the spines, pedicellarise, etc.

These ectodennal bands may be looked

upon as the central part of the nervous

system ("ambulacral brains" of J. Miiller).

Near the mouth they divide into two parts,

which unite with corresponding branches

from the other radial trunks to form a

Fio. 220. Diagram of the nervous sys-

tem of a Star-fish. N, The nerve ring

connecting the five ambulacral cen-

tres.

Oc

FIG. 221.- Astropecten- aitran-

tiaciiK, end of ray with the eye

(Oc) surrounded by spicules

(after E. Haeckel).

nervous ring containing ganglion cells.

The tentacle-like ambulacral feet which

in the Asteridea and Ophiuridea are

present in simple number at the end of the arms are supposed
to have the value of tactile organs. The same significance has

been attributed to the tentacles of the Holothurids and to the

pencil-like tactile feet of the Spatanyidas. Organs resembling eyes
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have been found in the Ecldnoidea and Asteridea. In the former

(Cidaridea) there are, on special plates (ocular plates), &t ihe apical

pole, five tentacle-like prominences, in each of which a nerve ends.

The eyes of the Asteridea are most accurately known. According to

Ehrenberg's discovery, they have the form of red pigment spots, and

lie on the ventral side of the rays at the distal end of the anibnlacral

groove. They are spherical pedunculated prominences, and the

convex surface is covered by a simple membrane, which hides a

number of conical simple eyes (fig. 221). The simple eyes appear to

have their axes directed towards a common point. They each con-

sist of a red ma.ss of pigment surrounding a refractive body, and a

nervous apparatus.

Reproduction is mainly

sexual, and separate sexes

are. the rule. Only Sy-
napta and A in$>U iu r a

are hermaphrodite. The

organs of reproduction

of the two sexes are ex-

tremely alike, so that if

it were not that the colour

of the generative products

is different, the seminal

fluid is mostly white and

the ova red or yellow,

a microscopical examina-

tion of the contents of

\

FIG. 222. Genital organs of Ec!tinu.<. A ', R jcluti ; Cf,

genital glands lying on the interarnbulacral plates ; a,

rows of ampullae. the generative glands

would be the only means of distinguishing between them. Sexual

differences of the external form or of definite parts of the body are

only very rarely present, since as there is no copulation the sexual

functions are usually confined to the secretion and preparation of the

generative material. Ova and spermatozoa, with some rare excep-

tions, first come in contact in the sea water outside tho body of the

mother. Internal fertilization, which is very rare, occurs in several

viviparous species of Ampldura and Phyllophorus. The number and

position of the generative organs are generally in strict correspondence

with the radial structure ; nevertheless there are numerous excep-

tions to this. In the regular Ecldnoidea, five-lobed ovaries or testes,

which are composed of branched blind tubes, lie in the interradii on

the internal surface of the dorsal part of the shell
(fig. 222). The
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ducts of these glands are five in number, and open to the exterior

through five openings in the skeletal plates (genital plates) around

the apical pole (tigs. 206, 222). In the irregular Spatangidce the

generative organ of the posterior interraclius is .always absent, and

the number of glands may be three or two. In the Asteridea the

five pairs of genital glands have the same interradial arrangement :

sometimes however, they project into the arms : the apertures for

the exit of the generative products lie on the dorsal side, and in

each interradius two places may be found, each of which is pierced in

a sieve-like manner by a number of such openings (fig. 223). In the

Ophiuridce ten lobed generative glands composed of a number of

blind tubes are developed around the stomach
;
their products pass

through special passages into pouches, and from thence to the

exterior through paired slits on the ventral side between the arms.

The generative glands of the Crinoidea

are concealed in the arms and pinnules.

In the Holothurians, the generative

organs are reduced to one branched

gland, the duct of which opens to the

exterior not far from the anterior pole

of the body on the dorsal side (fig. 219).

The development of the Eckinodermata

presents as a rule a complicated meta-

morphosis, and is characterised by the

possession of bilateral larval stages.

Many Holothurians are developed with-

out passing through the-e larval stages,

as also are certain Sea-urchins, as

Anochanus, Ilemiaster, and some Aste-

roidea, which are either viviparous (Amphiura squamata) or lay only

a small number of eggs, and protect them during their development
in a brood pouch. In these cases also the first stage is a ciliated

embryo, which is either developed directly or passes through a much

simplified metamorphosis.
In the cases of a complicated metamorphosis, the ovum, after under-

going a nearly equal segmentation, gives rise to a spherical embryo,
the cellular wall of which is ciliated and encloses a central gelatiiio is

substance (fig. 103). A pitlike depression of the cellular wall gives

rise to the first rudiment of the alimentary canal, and the opening
of this depression (gastrula mouth) to the anus. The ciliated embryo
becomes elongated and gradually takes the form of a long, oval, more

FIG. 223. Part (if the inter-radius of

a star-fish (Solouter) with the gen-
erative glauds (G) and the groups
of pores (sieve plates) on the dor-

Bal skin (after J. Miiller and Tros-

chel).
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or less pear-shaped larva, in which a slightly arched dorsal, two

symmetrical lateral, and a saddle-shaped ventral surface can be dis-

tinguished. The cilia which are concentrated upon the raised edge

of the ventral depression give rise to a continuous ciliated band

which serves as a locomotive apparatus. [This band first appears as

two separate ciliated ridges placed transversely, one in front of, and

the other behind the mouth (fig. 224, 3). These soon become con-

nected laterally.] The alimentary canal, which has now acquired an

anterior opening, the mouth, consists of three portions, the eso-

phagus, the stomach, and the intestine. The wide mouth leading

into the oesophagus is situated within the band of cilia on the

ventral surface ;
the anus is also ventral, but external to the ciliated

band in the region of the posterior pole. Before the appearance

FIG. 22!. Larval development of Aeferacanthion beryliiuis (after A. Agassiz) (for earlier

stages see fig. 103). 1, stage where the mouth (O) has just appeared, represented in

profile ; A, blastopore (anus) ; D, intestine
; Vp, vaso-peritoneal sac. 2, Somewhat older

stage in surface view with two separated vaso-peritoneal sacs. 3, Later stage, from the

ventral side, with two transverse ciliated ridges (W) ;
the sac on the left side has an

excretory pore. 4, Young Bipinnaria with double band of cilia (IV).

of the mouth, another organ is separated from the alimentary canal :

this is a sac-like ciliated tube, which opens to the exterior by a pore
on the dorsal surface, and represents the first commencement of the

ambulacral system. A second organ, which also has its origin from

the rudimentary digestive canal, consists of the disc-shaped lateral

sacs
(fig. 224), from the walls of which the peritoneal lining of the

body cavity is produced.
With their progressive development the larvse of the Sea-urchin,

the Starfish, and the Holothurian diverge more and more widely from

one another. The raised edge of the depression just mentioned, with

its band of cilia, oecomes bent and prolonged into processes (fig.
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a

225) of different form. These processes are arranged with a strict

regard to bilateral symmetry, and their number, position, and size

essentially determine the special shape of the body. An anterior

and a posterior ventral region of the band of cilia can be distinguished

from the lateral parts which form the dorsal portions ; the latter curve

round and pass into the former at the anterior and posterior ends of

the body (fig. 225, b). The dorso-lateral parts may, however, unite

anteriorly with one another without passing into the anterior ventral

band ;
in this case the anterior continuations of the latter pass

directly into one another so Us to form an independent praeoral ring,

while the dorso-lateral and posterior ventral portions of the origin-

ally continuous band form a longitudinally directed post-oral ring.

This arrangement is characteristic of the larvae of the Asteridea

(Bipinnaria,

Brachiolaria).

In all other

forms a single

longitudinal
band of cilia

only is pre-

sent. In the

larvae of Holo-

thurians, the

Auricularia

(fig. 225), the

processes re-

main short

and soft; they
are found on

the dorso-

lateral edges and on the posterior dorso-ventral arch of the band

of cilia ; they also appear on the posterior ventral (umbrella) and

the anterior ventral (oral shield) parts of the band. The processes

have a similar disposition in Bipinnaria, where, however, they
are often much longer, but are in this case also not provided

with calcareous rods. The Brachiolaria are distinguished from the

Bipinnaria by the possession of three anterior arms, which are placed

between the anterior portions of the two rings of cilia, and serve as a

fixing apparatus. The bilateral larvae of the Ophiurids and Sea- Urcldns,

the so-called Pluteus forms, are distinguished by their large rod-

shaped processes, which are supported bv a system of calcareous rods.

FIG. 225. Auricularia larvce (after J. Hiiller). a, from the dorsnl side
;

b, from the ventral side. 0, mouth beneath the oral shield ; Oc, oeso-

phagus ; M, stomach ; D, intestine with anus (A) ; P, peritoneal sac
;

V, Water-vascular rosette with pore ; R, calcareous wheel-like bodies.
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The Pluteus larvae of the Ophiurids possess long lateral arms on

the anterior dorso-

ventral arch of the

band, on the dorso-

lateral edge, and on

the edge of the pos-

terior ventral hood.

The Pluteus larva of

the Sea-urchin has no

lateral arms, but pro-

cesses are developed

on the edge of the

anterior ventral hood

(fig. 226). The larvae

of the Spatangidce are

characterised by an

unpaired apical rod,

and those of Echinus

and Echinocidaris by
thepresence of ciliated

epaulettes (fig. 227).

The transformation of the laterally symmetrical larva with its

bilateral processes and com-

plicated organization into the

body of the adult Echino-

derm is not in all cases

effected in the same manner.

In the Sea-urchins and Star-

fishes the young animal is

developed by a process of

new formation within the

body of the larva, the

stomach, intestine, and dorsal

sac alone persisting ; while

the transformation of the

FIQ. 223. Pluteus of a Spatanyus with so-railed apical rod

(StJ (after J. Muller).

Auricularia into Synapta

takes place without the loss

of so many parts of the larva,

the young passing through a

pupa-like intermediate stage.

In the first case a mass of

II

FlG 227. PMe larva of EMnut liddus with four

^.^ epau]ettes (We) (aftep E MetechnikofE)

from the ventral side. O, Mouth ; A, aaus.
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interstitial tissue filled with round cells is formed external to

the lateral discs, and with participation of the thickening skin.

This tissue becomes the seat of calcareous deposits, and forms

the dermal skeleton of the adult Echinoderm (fig. 228 a, b).

The canal of the dorsal pore has in the meantime changed its

simple form and developed into the circular vessel with diverti-

cula, which are destined to become the ambulacral trunks. As

development progresses, the young animal appears as a, more or less

spherical or pentagonal body, or as a star with short arms, in propor-

a

FIG. 228. Eiplnnar'.a from Trieste forming a stage in the development of the Stir-fish

(St) (after J. Miiller). a, Earlier stage. M, stomach; A, anus; I", ambulacral rosette

with ciliated twbe opening by the dorsal pore. 4, Older stage.

tion as it predominates over the larva. Finally, after the sprouting

out of the ambulacral feet, the young Echinoderm becomes separated

from the larval body, which not unfrequently remains attached to

tlie former, like the remnants of a broken-down framework. The

stomach, which is taken into the interior of the body of the

Echinoderm, is torn from the oesophagus of the larva (Dijnnnaria),

and acquires a new oesophagus and mouth. The dorsal pore becomes

the pore of the madreporic plate.

The Synaptidae, on the contrary, are formed by the transformation

of the entire body of the Auricularia. Five tentacles appear in front
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of the stomach and the circular vessel, which is formed from the

dorsal tube. They are at first enclosed in a cavity, from, which later

on they penetrate to the exterior.

The larva retracts its lateral lobes

and transforms itself into a barrel-

shaped body with five transverse

rows of cilia, and loses the mouth

and dorsal pore (fig. 229). The

ambulacra! system gradually de-

velops further, the intestine be-

comes longer, the first five tentacles

break through to the exterior, the

mouth appears at the anterior pole,

and the first suctorial foot with its

ambulacra! vessel is seen on the

ventral surface (fig. 230). The
animal gradually loses the bands of

cilia, and as a young Ilolothurian

creeps about by means of its ten-

tacles and of the first ambulacral

foot, which is soon followed by a

second new one.

In the more direct development the

bilateral larva seems to be more or less completely suppressed, and

the time of free-swimming life shortened or altogether dispensed with.

In these cases, protective

arrangements, such as brood

pouches, are always present

in the mother. The brood

pouch of Pterastcr militaris

is the most carefully pro-

tected. It lies above the

anus and generative open-

ings ;
its walls are highly

charged with calcareous

FIG. 229. Auricularia pupa of Synapta
seen in profile (after E. Metschnikoff).
The mouth is already large, so that

the tentacles (T) can be protruded.

TfV, Ring of cilia; Pe, Pi, somatic
a.nd visceral layers of the peritoneal

sacs; Ob, auditory vesicle; Po, pore
of the water-vascular system; It, cal.

cureous wheel-shaped body.

FIG. 230. Young Holothurid with extended ten-

tacles (T), swimming and creeping (after J.

Mailer).

matter, and they are raised

above the spicules on the

back. From eight to twenty
ova (1 mm. in diameter) pass into the interior of the brood pouch,

and are there developed into oval embryos, which acquire several

sucking feet and assume later the form of a star with five rays.
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The formation of the embryo takes place thus : four shield-like

thickenings are formed upon one segment of the ovum, and beneath

them several ambulacra 1 feet make their appearance. The star is

developed by the increase in size and number of these discs and

ambulacral feet. At this period of development we can distinguish

the circular ambulacral vessel surrounding a central hemispherical

projection of the oral disc, also the five vascular trunks and '2 3

pairs of sucking feet in each ray. In other cases, the brood pouch

is formed upon the ventral surface of the Star-fish, e.g., Echinaster

Sarsii, and the embryo, which is completely ciliated, is provided

at the anterior end with a knobbed process. The latter is divided

into several structures (Haftzapfchen), which serve as organs to

attach the body of the embryo to the wall of the brood pouch.

Suctorial feet are now formed in each ray, two paired and one

unpaired, the latter lying nearest to the angle of the pentagon.

The five angles come to project more and more, and acquire

eye spots and ambulacral grooves. Spicules appear, and the

mouth perforation is formed, the fixing organ aborts, and the em-

bryos escape from the maternal brood pouch ;
and being at this

time capable of creeping and of nourishing themselves independently,

they gradually develop into small star-fishes. The mode of deve-

lopment is the same in Asteracanthion Mullerii, and some Ophiurids,

as Amphiura squamata.

Amongst the Holothurids (//. tremula) the simple and more direct

development was first observed by Danielssen and Koren, and later

by Kowalevski, in Phyllophorus urna, and by Selenka, in Cucumaria

doliolum. In the first case the embryo leaves the egg in the form of

a ciliated larva, which soon assumes a pear shape, and develops the

circular vessel of the water-vascular system, and five tentacles round

the mouth. The alimentary canal and the dermal skeleton make

their appearance before the five tentacles have assumed the function

of locomotion in place of the cilia which have disappeared. Later on,

with the progressive growth, the tentacles become branched, and two

ventral feet appear, which put the bilateral symmetry of the larva

beyond all doubt. In all cases, even in the cases of a more direct

development, the radial symmetry of the adult Echinoderm appears to

be preceded by a bilateral symmetry of the larva.

All the Echinoderms are inhabitants of the sea
; they are capable

of a slow, creeping movement, and feed on marine animals, especially

on Mollusca, but also on Fuel and sea-weeds. Some are found near

the coast at the bottom of the sea, others occur at considerable
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depths. Many possess a great reproductive power, and are able to

replace lost parts, such as arms, with all their apparatus of nerves

and sense organs.

CLASS I. CEINOIDEA.*

Globular or cup-shaped Echinodermata with segmented arms fur-

nished ivith pinnulce. They are usually attached by a segmented

calcareous stalk. The

skin upon the aboral

side is provided ivith

plates, the amlulacral

appendages have the

form of tentacles, and

are situated in the

ambulacral furrows of

the calyx and of the

segmented arms.

The greater number

of Crinoidea are cha-

racterised by the pre-

sence of

stalk

This stalk arises from

the apical (dorsal) pole

of the calyx, and is

attached at the in-

ferior end to surround-

ing objects (fig. 231).

In some few living

genera, as Comatula

(fig. 232) and Actino-

metra, this stalk is

only present in the

young form. The body
with the contained viscera appears, therefore, as the calyx at the

upper end of the stalk, and only in exceptional cases is directly

a segmented

bearing cirri.

F(O. 231. Tentacrinus capuf Medutas (after J. Muller).

O, mouth ; A, anus, of the disc, which is represented from
the oral side.

* J. S. Miller,
" A Natural History of the Crinoidea or Lily-shaped Animals,"

Bristol, 1821. J. V. Thompson,
" Sur le Pentacrinus Europjens, 1'elat de

jeunesse du genre Comatula," L'institut, 1835. J. Miiller,
" Uebcr den Ban

von Pentacrinus caput Medusas," Abhaiull. dt-r Herl. Altad., 1841. J. Miiller,
"Ueber die Gattnng Comatula und ihre Artcn," AlhniuU. der Ilcrl. Alttd.,
1847. Leop. v. Buch,

" Ueber Cystidcen," Aliftandl. drr Bcrl. Alntil
., 1844.

Ferd. Romer,
"
Monograj)hie der fossilcn Crinoideen familie der Blastoideen,"
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attached by its dorsal apex. The segments of the stalk, which are

mostly pentagonal, are connected by bands of tissue, and are pierced

by a central canal, which serves for nutrition, and contains a central

and five peripheral blood vessels
;

at certain distances they bear

hollow and segmented cirri, which are arranged in whorls.

The dorsal surface of the calyx is covered externally by regulai'ly

arranged calcareous plates, while the upper (ventral) surface, on

which the mouth and -anus are situate, is clothed with a leathery

FIG. 232. Comatula mediterranea represented from the ventral side. O, moutli ;

A, anus. The pinnulas are filled with the generative products.

.-kin. At the margin of the cup there arise movable, simple or

forked, and often branched arms, which are supported by a solid

framework consisting of dorsally placed calcareous plates, which

are movable upon one another by special muscles. In almost

Arcli. fiir Naturgescli, 1851. W.Thompson, "On the Embryology of the

Antedon rosaceus,'" Phil. Trans. Iloi/. Sot-., Tom 155, 1865. W. B. Carpenter,
"
Researches on the Structure, Physiology and Development of Antedon

rosaceus," Ibid., Tom 156. A. Gotte,
"

Vergl. Entwickelungsgeschichte der

Gomatula Mediterranea," Arehlv. fiir michrosk. Anatomie, Tom XU. II

Ludwig,
"
Morphol. Studien an Echinodermen," Leipzig, Ib77.
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every case the arms bear, either on their main stems or on their

branches, lateral appendages, the 2>innules, which have an alternate

arrangement on each side, one being attached to each segment of the

arms. Essentially the pinnules represent the ultimate ramifications

of the arms.

The mouth, as a rule, lies in the centre of the cup. From it

certain furrows, the ambulacral grooves, traverse the disc (fig. 231)

Fiii. 233. Developmental stages of Comatul* (Ante-Ion), much enlarged, a, free-swimminq
larva with tuft and rings of cilia (Wr), also with rudimentary calcareous plates. 6, At-

tached fentacrinoid form of the same animal. O, Oralia ; R, Radialia ; B, Basalia
;

Cd, Centrodorsal plato. c, Older stage described as Pentacrinui airopaeus with arms and

cirri (after Thomson).

and pass on to the arms, and their branches and pinnules ; they

are lined by soft skin, and carry the tentacle-like ambulacral

appendages. The anus, when it is present, lies excentrically on the

ambulacral (ventral) surface of the di.sc. The development of the

living genus Comatula, which begins with a barrel-shaped larva

with four bands of cilia and leads to the fixed stage of the Pen-
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tacrinus form (P. Europceus) (fig. 233), consists of a complicated

metamorphosis.

The greater number of Crinoids belong to the oldest periods of

the history of the earth (the Cambrian, Silurian, Devonian, and

the Carboniferous formations). Existing forms

live mostly at considerable depths.

We distinguish two orders, the Tesselata and

the Articulata.

The latter is represented by numerous fossil

forms, but by only a few living genera as Penta-

crinus, Holopus, and Comatula (fig. 234). The

cup is always less completely provided with plates

than in the fossil Tesselata.

ARTICULATA.

Fain. Pentacrinidse. Crinoids with ten arms, several

times bifurcated. There is a pentagonal stalk with

whorled cirri. Pentacrinus caput Mi'dvsa?, Mill, from
the Antilles. P. Miilli'ri Oerst, West Indian Ocean.

The fossil forms are : Encrimis liUifvnnis Schl. (fig. 234)
from the Muschelkalk

;
also Ajjiocrimts, allied to the

existing Rlttzoeriints lofotensis Sars, and to Batliycrinus

fjracilt'x, and ahlricltianvs W. Th., from the deep sea.

Allied to this group is the third existing genus Jlolojms,

from the West Indies, with calj'x attached by a short pIG _ 234. Encrinutlilii-

unjointed prolongation of its apex. //. Raiigli d'Orb. fm-mis from the Mus-

Fam. Comatulidse. Stalked only in the young state. chelkalk.

The adult animal is free. There are usually ten arms at

the margin of the flattened body ;
mouth and anus are present. The Coma-

iul idee possess the power of striking their arms towards the ventral surface

and so of propelling themselves amidst the sea-weeds. The vermiform larva,

with its four ciliated girdles, makes its appearance within the egg-membranes.
It acquires a mouth and anus, also a tuft of cilia at the posterior end of the

body, and swims about freely. It passes later, by the formation of cal-

careous rings and rows of plates, into the stage of the stalked Pentiicrimi*,

from which the Comatula is produced by the separation of the cup from

the stalk. Comatvln mcdit/'i-ruiu'ii Lam., Anti-don rosacea Link., known
in the young attached stage as Pentacrinus Europaeus. Actinmnetra

J. Mull.

To the Crinoids are allied the fossil Cyst idea and Blastoidcrt. The Cystidea
were provided with short stalks and slightly developed arms. Their general iv:

organs were enclosed in the calyx, whence their products escaped through a

genital opening capable of being closed by movable valves. They are found as

fossils in the Cambrian. Silurian, and Devonian formations and the Carboni-

ferous limestone. To this group belong the genera Spliacro>iiti:s, Caryocrituis,

Apiocy&tites.
The Blastoidca have no arms, and only possess ambulacral areas on the calyx,

which is attached by a segmented column. Pentati-enidfi/fx.

19
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CLASS II ASTEKOIDEA (STARFISHES).*

EcJiinoderms with dorso-ventro.lly comjtressed pentagonal or star-

slwtped body. The ambulacra!feet are confined to the ventral surface.

Internal skeletal pieces in the ambulacra articulated together lil^-,

vertebra?.

The Star-fishes are chiefly characterised by the predominating

pentagonal or star-like discoidal shape of the body, to the ventral

FIG. 235. F.ch'waster srntus, from the oral surface (after A. Agassiz). O, mouth;
Af, ambulacra! feet.

surface of which the ambulacral feet are confined (fig. 235). The

radii are long in comparison with the inter-radii, which are very

short in consequence of the divergence of the interambulacral

rows of plates ; they constitute more or less projecting movable

arms, with movable skeletal structures. Those latter consist of

transversely arranged, paired calcareous plates (ambulacral ossicles),

*
J. Muller and Troschel,

"
System der Asteriden," Brunswick, 1841. Com-

pare besides the numerous papers of Krohn, Sars, Liitken, L. Agr.ssiz, etc.
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which reach from the mouth to the end of the arms, and are

articulated together like vertebrae. The skeleton of the Asteroidea

is distinguished from the globular or flattened shell of the

Echinoidea by the fact that the ambulacra! and interambulacral

plates are confined to the ventral surface, and that on the outer

side of the former there is a deep ambulacral groove, which contains,

outside the ossicles and beneath the soft skin (which in Ophiurids

possesses special calcareous plates), the nerve trunks, the peri-

hremal canals with the blood-vessels and the ambulacral trunks.

In the Qphiuridea the ambulacral groove is covered by the dermal

plates so tl'iat the ambulacral feet project at the sides of the arms.

Upon the dorsal surface the dermal skeleton appears leathery; it

is, however, as a rule, filled with small calcareous plates, on which

are placed spines, protuberances, and papillae, constituting a covering
of a most
varied kind.

At the mar-

gin in the

dorsal integu-

ment there is

usually a row

of larger cal-

careous plates

(superiormar-

ginal plates)
I fi O Q R \

FIG. 23G. Skeletal plates of Asirnpecten Hempricliiii (after J. Muller).

Upon the veil- DR, Dorsal marginal plates; VR, ventral marginal plates, Ap, am-

tral surface bulacral ossicles; J-p, intermediate interambulacral plates; Adp,
anterior adambulacral plates forming an angle of the mouth.

we can distin-

guish, in addition to the internally placed ambulacral ossicles, inferior

marginal ossicles (fig. 236, VR}, also the adambulacral plates (A dp),

and the intermediate interambulacral plates (Jp). The two last corre-

spond to the interambulacral plates of the JSc7iinoidea,vf}iere they occur

as two or more rows, which are united along the whole length of the

inter-radius : in the Asteroidea, however, they separate from one

another at an angle, and are disposed along the opposed sides of ad-

jacent arms. The ambulacral ossicles are calcareous bodies articulated

together like vertebrae, with spaces between their lateral processes

for the passage of the vessel connecting the ampullae with the radial

vessel and the tube feet. The right and left pieces of each double row

are either (Ophiuridea) immovably connected by a suture, or are
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(SteUeridea} movably articulated by teeth, which fit into one another

at the bottom of the ambulacral groove ; the latter only (SteUeridea)

possess transverse muscles on the ambulacral ossicles, and are able

to bend their arms together towards the ventral surface. The

Ophiuridea are provided with longitudinal muscles only, by means

of which they are able to bend their arms to the right and left in

a horizontal plane with a serpentine movement.

The mouth is always placed in the centre of the ventral surface in

a pentagonal or star-shaped depression, the edges of which are

usually beset with stiff papillae. The inter-radial angles are marked

by the junction of two adambulacral plates, and frecpaently function

as organs of mastication. The anus may be wanting : when present,

it invariably lies at the apical pole. The madreporic plate, of

which there may be one or more, is situated inter-radially and

dorsally (SteUeridea'), or on the inner surface of one of the buccal

plates (Ophiuridea), on the exterior of which a pore may be present.

Development in certain cases takes place without the interposition

of a bilateral larval phase with bands of cilia. When such larva?

are developed, they have the form of a Pluteus (Ophiurid) or Eipin-
naria and Brachiolaria (Stellerid).

The great power of regeneration possessed by Starfishes is not

confined to the reproduction of lost arms, but may lead to the new

formation of portions of the disc, or even of the entire disc from

a single separated arm. This process thus amounts to a species of

asexual reproduction by fission, and has been especially observed in

forms with six (02)hiactis) or more than six (Linckia) arms.

Fossil star-fishes are found as far back as the lower Silurian strata

(Pal(raster), where intermediate forms between SteUeridea and

Ophiuridea (Protaster) make their appearance.

Suit-Class 1. STELLERIDEA (Asteridea) STARFISHES.

Asteroidea wJtose arms are prolongations of the disc, and contain the

hepatic appendages of the alimentary canal, and also the generative

organs. They possess a deep, uncovered ambulacral groove running

along the ventral surface, in which groove the ambulacral feet are

disposed in rows.

The SteUeridea usually possess broad arms, and are characterised

by the fact that the ambulacral ossicles of the two sides are connected

by transverse muscles and are movable upon one another. The

anus lies at the aboral pole, but may be wanting in certain genera

\Astropecten\ The madreporic plate and the genital pores are
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situate inter-radially and upon the dorsal surface. The multilobed

branched diverticula of the stomach extend into the cavities of the

arms (fig. 218). On the ventral surface of the latter, two or four

rows of ambulacral feet project from the deep ambulacral groove,
the edge of which is beset with papillae (fig. 235). Pedicellarice are

also found, and dermal gills projecting through the tentacular pores
of the dorsal surface.

They feed principally upon Mollusca, and, by means of their

ambulacral feet, crawl slowly upon the bottom of the sea. Some
few of them are developed by a very simple process of metamorphosis
within the brood-pouch of the mother; but the greater number of

them pass through the free

larval stages of Eipinnaria
and Brachiolaria (figs.

224

and 228).

Fam. Asteriadae. The cylin-

drical ambulacral feet end in

broad suctorial discs, and are

usually arranged in four rows

along each ambulacral groove.

Astcrias L. (_Asteracant7iion),

A. glacialis O. F. Miiller., Ile-

liattci' Jielianthiis Gray.
Fam. Solasteridae. The cylin-

drical ambulocral feet are dis-

posed in two rows. Rays long,

often more than five Solaster

j>nj>2}o,<n/s Retz., Echinaster

sejjoxiti/s Rctz., Ophidiaster

Ag., Llncltia Nardo.

Fam. Astropectinidse. Am-
bulacral feet conical, and with-

out suctorial disc, arranged in two rows. There is no anus.

aurantlacus Thil. Luidia Forb., Ctcnodisciis Miill. Tr.

Fam. Brisingidae. Body shaped like an Ophiurid. Rays distinct from the

disc with only a narrow internal cavity. Brisinga coronata Sars.

FIG. 237.- Atterisciti verriteuJatu*, with the dorsal

skin removed. Ld, RaJial appendages or hepatic
tubes of the stomach ; G, generative glands.

Astropectcn

Sub-Class 2. OPHIURIDEA (Brittle Stars).

Asteroidea characterised by the absence of an anus, and by the pos-

session of long cylindrical arms which are sharply distinctfrom the

disc, and do not contain appendages of the alimentary canal. The

ambulacral groove is covered by the dermal plates so that the ambulacral

feet project at the sides of the arms.

The Ophiuridea can be at once distinguished by the flexible

cylindrical arms, which are sharply distinct from the disc, and enclose
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no diverticula of the alimentary canal. The movements of the arms
are principally in the horizontal plane, and in many cases permit of
a creeping locomotion amongst marine plants. The anibulacral

groove is always covered by special dermal plates, and the anibulacral

feet project laterally between the spicules and plates on the upper
surface (fig. 238). In a few cases the arms are branched, and can be
rolled up in the direction of the mouth. In such cases the ventral

groove is closed by a soft skin
(Astrophyton). The anus is always

wanting, as are jtedicellarias. The generative products pass into

genital pouches (bursse), and from these directly to the exterior

through inter-radial paired
slits. The madreporic plate
lies upon the ventral sur-

face in one of the buccal

plates. Some few Ophiu-
rids are viviparous, e.g.,

Amphiura squamata; these

do not undergo metamor-

phosis. Most pass through
the Pluteus larval stage,

e.g.. Ophiogtypha Lyra.,

(Ophiolepis) ciliata with

larval stage Pluteus

paradoxus.

FIG. 238.-Op1tiothrij:fragi!i8. The ends of the rays
have been removed. OS, Slits of the genital

pouches ; K, masticatory ossicles.

Faru. Ophiuridae. With

simple unbranched arms, and
with ventral plates to the

ambulacral groove. They are divided into special genera according to

the pec-uliar character of the dermal covering and of the buccal armature.

Opltiotliric Mull. Tr. The back is provided with granules, hairs, or spicules.

The lateral plates of the arms bear spicules. Opk. fray His 0. Fr. M tiller.

Ophiura Lam. [OpTlioderma). Two pairs of genital slits in each intcrbrachial

space. 0. longicauda Link., Ophiolepis Liitk., Amphiura Forb.

Fam. Euryalidae. Mostly with branched arms which can be curved towards

the mouth and are without plates ;
the ventral groove closed with soft skill.

Astroplujton rcrritcuxum- Lam.. Indian Ocean. -1. arlorcscens Eond., Mediter-

ranean. Asteronya: Lovciti Mull. Tr.

CLASS III. ECHINOIDEA,* SEA-URCHINS.

Spherical, heart-shaped, or disc-shaped Echinoderms icith immovable,

skeleton composed of calcareous plates. The skeleton encloses the body
* Besides the works of J. Th. Klein, compare E. Desor,

"
Synopsis des

Echinides fossiles," 1854 to 1858. S. Lovcn, "Etudes sur les Echinoidees,"
Stockholm 1874. Al. Agassiz, "Revision of the Echini," Cambridge, 1872-

1874.
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after the manner of a shell, and carries movable spines. There is

invariably a mouth and anus, and locomotive and often respiratory

anibulaeral appendages.

The dermal skeletal plates are connected together so as to form a

firm immovable shell, which has no arm-like prolongations in the

direction of the rays, and is sometimes regularly radial, sometimes

irregular or symmetrical. With some rare exceptions among the

fossil Perischceckinidce, as Lepidocentrus, tire calcareous plates are

firmly connected with one another by sutures, and are usually

arranged in twenty meridional rows. These rows (fig. 206) are

disposed in pairs, and correspond alternately with the radii and the

.inter-radii. The five radial pairs are the anibulacral plates, and are

pierced by rows of fine pores for the exit of tube feet
(fig. 212, P),

and bear, as do the broad interambulacral plates, spherical promi-
nences and tubercles to which the differently shaped spines are

movably articulated. The body form of the Sea-urchins, as con-

trasted with that of the Star-fish, depends upon the meridional

arrangement of the rows of plates, and, at the same time, on the

continuity of the interarnbulacral rows.

The position of the nerves and anibulacral vascular trunks beneath

the skeleton is the special -characteristic of the internal organization.

Pedicellarice are found between the spicules, and are especially

numerous in the region of the mouth. Some Cidaridea are provided
with branched respiratory tubes. The genital pores are disposed

inter-radially on the genital plates near the apical pole. One of

these genital plates is, as a rule, also the madreporic plate. The
ocular plates, which are radial in position, are also pierced (figs. 206,

212). The regular Sea-urchins are often symmetrical, one radius

being longer or shorter than the others, which are equal to each

other. So we find long oval forms which are laterally symmetrical,

having the moutli and anus central, and an anterior unpaired radius

(Acrodadia, Echinometra), In the irregular Sea-urchins the anus is

thrust away from the apical pole into the unpaired radius (Clypea-

stridce). The mouth also often has an eccentric position in front

(Spatanr/idce, fig. 208), in which case the masticatory apparatus is

always wanting.
In many regular forms all the anibulacral feet have the same

shape, and are provided with a suctorial disc supported by calcareous

bodies; in others the dorsal feet are unprovided with a disc, and

are pointed and often have an indented edge. In addition to the

anibulacral feet, the irregular Sea-urchins almost all possess umbu-
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lacral branchise upon a rosette formed of large pores on the dorsal

surface
(fig. 239). The locomotive feet are very small in Clypeastridce,

and are distributed either over the whole surface of the ambulacra,

or' are confined to branching rows upon the ventral surface. In

the Spatamjidfe there are peculiar bands upon the upper surface,

the fascicles or semitce (fig. 239),

upon which, in place of the spicules,

knobbed bristles with active cilia

(clavulce) are distributed. Develop-
ment takes place with a Pluteus larval

stage, in which the larva is provided
with ciliated epaulettes or with an

apical rod.

The Sea-urchins live, as a rule,

near the coast, and feed on molluscs,

small marine animals, and Fuci.

Some species of Echinus have the

power of boring holes in the rocks

in which they live. We find many
fossil shells, especially in the chalk.

FIG. 239. Brissopsi* lynfera with

the fascicles or Semites surround-

ing the rosette. A, anus.

Order 1. CIDABIDEA= REGULAR SEA-URCHINS.

Echinoidea with central mouth and equal band-like ambulacra ;

ivith teeth and masticator)/ apparatus ; with sub-central anus in the

apical space.

Fam. Cidaridae. With very narrow ambulacra! and broad iaterambulacral

areas, on both of which are large perforated tubercles and club-shaped spines.

There are no oral branchise. Cidaris metiilaria Lam., Plu/llacanthus imperialis

Lam., East Indies.

Fam. Echinidae. Sea-urchins. The pores are grouped in transverse rows ;

there is a round, thin shell, broad ambulacral spaces bearing tubercles and spines,

which are mostly short and pear-shaped. Oral branchirc are present. To.wjt-

ni'//xf<'x i-itrh'i/utiix. Lam., Echinus mdo Lam., Strongylocentrotus Hri/fun Brit.

saxatllis Lin., Mediterranean.

Fam. Echinometridse. With long oval shell, imperforate tubercles and

oral branchia?. Ki-liiinniirira oblonga Blainv., PodopJiora atruta Brdt.,

Acrocladla trlyonaria Ag., Pacific.

Order 2. CLYPEASTRIDEA.

Irregular Echinoidea compressed into the form of a shield. Mouth

central andfurnished with masticatory apparatus. Very broad ambu-

lacra, five-leaved ambulacral rosette round the apical pole, and very
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small tithe feel. Five genital pores in the region of the madreporic

plate.

Faro. Clypeastridse. The edge of the disc without indentations. Cltjpcaster

rosaccus Lam. (fly;. 207), Echinocyamuspusillw 0. F. Miiller, Mediterranean.

Fain. Scutellidae. Flattened EcMnoulca with a shell often lobed or per-

forated, with rows of pores for the ambulacral feet. Lolopliora lifora Ag.,

Rotiiln Jtiinijfhii Klein, Africa.

Order 3. SPATANGIDEA.

Irregular Echinoidea of a more or less heart-shaped form, with

eccentric mouth and anus. There are no teeth or masticatory apparatus,

and there is usually a four-leaved ambulacral rosette andfour genital

plates.

As a rule there are semitse and four genital pores, but the number

of the latter may be reduced to three and two.

Fam. Spatangidae. Spatanf/va jmrpurcus O. Fr. Miill., Mediterranean;
Schizaster canaliferus Ag., Brissus Klein.

CLASS IV. HOLOTHUEOIDEA.*

Wormlike elongated Echinoderms with a leathery body wall, with

contractile tentacles surrounding the mouth ; anus terminal.

The HolotJiuria approach the worms in possessing an elongated

cylindrical shape and a bilateral symmetry, which is expressed in

many ways. In particular they possess so striking a resemblance, so

far as their exterior is concerned, to many Gephyrea that formerly

they were included in the same group. The body-covering never

consists of a firm calcareous shell like that which we find in other

Echinoderms, but always remains soft and leathery, the calcareous

matter being confined to a few isolated particles of definite form.

In rare cases (Cuvieria), scales are present in the dorsal skin.

These are arranged like the slates on a roof, and may even take the

form of spicule-like appendages (Echinocucumis).

The bilateral symmetry results not only from the existence of un-

paired organs, but from the contrast which is often very distinctly

expressed between the dorsal and ventral surfaces. The ambulacral

feet are not in all cases regularly arranged in the five meridional

* G. J. Jaeger,
" De Holothuriis." Dissert, inaug. Turici. 1833. J. F. Brandt.

" Prodromus des-criptionis aniinalinm al> TL Mcrtonsio in orbis terrarum

circumnavigatione observatorum," Fasc. I. Petropoli, 1835. J. Miillur,
" Uebcr

Synapta digitata uud iilier die Erzeugung von Schnecken in Holothnrien,"
Berlin, 1852. A. Baur,

"
Bcitriigf zur Naturgcschichte der Synapta di'jitata,"

Dresden, ISiU. C. Semper,
" Reisen im Archipel der Philippinen," Tom J.,

Leipzig, 1868.
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A

rows from the oral to the anal pole, but may be principally or

altogether confined to the three rays of the so-called trivium. In

this latter case the Holothurid moves upon a more or less foot-like

ventral surface. The anibulacral feet may also be distributed uni-

formly over the surface of the body, especially on the ventral side.

As a rule, the tube-feet have a cylindrical shape, and terminate with

a suctorial disc : in other cases they are conical, and the suctorial

disc is absent. The tentacles, which are in communication with the

water-vascular system, and represent specially modified anibulacral

appendages, are simple or pennate, or even dendritic (Dendrochirota)
or shield-shaped (As2)idochirota}, that is, provided with a disc, which

is often divided into many parts.

In certain genera (Synapta), the

ambulacra! feet are altogether

wanting, and the tentacles re-

main as the sole appendages of

the anibulacral system (fig. 240).

Locomotion is effected by the

strongly developed dermal mus-

cular system, the longitudinal

fibres of which are attached to

the calcareous ring surrounding
the oesophagus. It is charay-

teristic of the water-vascular

system that the stone canal,

which is usually simple, hangs

freely in the body cavity, ending

in a calcareous framework com-

parable to the madreporic plate.

The respiratory trees at the end

of the intestine perform the func-

tion of respiration, while certain

glandular appendages (organs of Cuvier), which open into the rectum,

may be regarded as excretory oryans: these, as well as the respiratory

trees, may be wanting. The generative oryans consist of a bundle of

branched tubes, the duct of which opens on the dorsal surface in the

region of the mouth. The genus Synapta is hermaphrodite. The

development is in many Holothurians direct (as e.g. in Hulothnria

tremula according to Koren and Danielsscn) ; where there is a com-

plicated metamorphosis, the larvno have the Auricularia form, and

pass through a barrel-shaped pupa stage.

Fid. 240. Synapfa inJiasrens (after Quntre-

fages). 0, Mouth ; A, aims : the intestine

can be seen through the skin.
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The ITolothurians are partly nocturnal in their habits, and live at

the bottom of the sea, for the most part in shallow places near the

coast, where they crawl slowly upon the bottom. The Synaptidce,

which have no feet, burrow in the sand. They feed on the smaller

marine animals, which, in the Dendrochirota, are carried to the

mouth by means of the branched, tree-like tentacles. The Aspido-

chirota fill their intestine with sand, which they eject from the anus

by means of the current of water from the respiratory trees. It is

worthy of notice that they (especially the Aspidochirota) can eject

through the anal openipg the intestine, which breaks off easily

behind the vascular ring, and are able to renew it. The Synapta,
when irritated, are able to break their body into several pieces by
violent muscular contractions.

Order 1. PEDATA.

Numerous ambulacralfeet, wliicli are sometimes arranged regularly

in the meridians, and sometimes distributed over the whole surface.

Fam. Aspidoehirotae. With shield-shaped tentacles. Holotkuria L. With

scattered ambulacral feet, which arc conical on the dorsal side, and arc without

suckers. H. tttbiilosa Gmel., Adriatic and Mediterranean
; //. edulis Less.,

the edible Trepang of the East Indian seas.

Fam. Dendrochirotae. With tree-like branched tentacles. Ouctimaria

Blainv. Ambulacral feet arranged in regular rows. C. frondosa Gr. Psnlus

Okcn. Ambulacral feet confined to the foot-like ventral surface of the trivium.

Ps. phantapus. Gr.

Order 2. APODA.

No ambulacralfeet ; as a rule ivithout respiratory trees ; the tentacles

are usually branched or pinnate.

Fam. Synaptidae. Hermaphrodite and without respiratory trees. In the

skin there are wheel-shaped calcareous bodies or projecting masses shaped like

anchors, and affixed to calcareous plates. Synapta dhjituta Mntg. with anchor-

shaped calcareous bodies. J. M UHer discovered in their bodies parasitic cylin-
drical animals with spermatozoa and ova, which latter develop into small

shell-bearing Gastropods (JEntoconc'ha mirdbilif). Chirodota Esch. Skin beset

with rows of small tubercles bearing calcareous wheel-shaped bodies. The

genus Molpadia Cuv. is furnished with respiratory trees.

ENTEROPNEUSTA.
The remarkable genus Balanoylossus must be placed here. It is

the representative of a class, Enteropneusta Gegenb.,* allied to the

Echinodermata, but usually classed with the Vermes, and presenting
'

A. Kowalevski, " Anatomic Aea Salanoylossus Delle Chiajc." Mi'mnins <!<

VAcad. 'in^er. des Sciences de St. Pctcrslourg, Tom X., No. 3, 18G6. L. Agassiz,



300 BNTEBOPNEUBTA.

an affinity to the Tunicata by the mode of respiration. This in-

teresting worm was discovered by Delle Chiaje, .and its organization

and development have been recently investigated by Al. Agassiz and

Kowalevski [more recently by Bateson, Q. J. Mic. Sci. 1884] (fig. 241).

The most inte-

resting point about

this form is the

structure of its

larva, which renders

its relationship to

the Echinodermata

probable. The larva

was described by J.

Miiller asTornaria,

and was regarded

by him as an Echi-

noderm larva. It

FIG. 241. Young BaJanogtosstm, strongly mngnifled. Pr, Pro- Joes in fac possess
boscis, the numerous branchial slits are visible.

a double band of

cilia, like Bipinnaria. Of these two rows of cilia, one, the praeoral,

forms a ring round the pne-oral lobe, while the other is larger

and runs in a more longitudinal direction so as almost to join the

former near the

apical pole. There

is also a transverse

pra^-anal ring of

cilia
(fig. 242, a, b).

Internally a diverti-

culum of the ar-

chenteron gives rise

to an independent
sac forming the

water-vascular sys-

tem, while two
FIG. 242, a, l.Tomarla larva (after E. Hetschnikoff). a, Seen ,.

from the side; 6. from the dorsal surface. O, mouth ; A, Palrs OI diverticula

anus; S, apex, W, rudiment of water vascular system'; C, furnish the first
heart ; P, P', peritoneal sacs.

rudiments of the

body cavity. A pulsating heart is developed from a thickening of

" The History of EalanoRlossus and Tornaria," Memoirs of the American
Acadt'mij of Arts anJ Sciences, Vol. IX., 1873. E. Mulsrlmikoff
/, wissensck. Zool,, Tom XX., 1870.
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the ectoderm, and sinks into a depression of the water vascular

vesicle. At the apical pole there is a thickening of the ectoderm

resembling the apical plate of the larval Worms and containing two

eye-spots.

The development of the larva into the adult Balanoglossus was

first traced by E. Metschnikoff and then by A. Agassiz. The band of

cilia gradually disappears, the prse-oral part of the larva becomes the

proboscis, while the oral portion gives rise to the collar. The trunk

is formed from the posterior elongated portion on which the posterior

transverse ciliated band still persists. The

anterior portion of the alimentary canal

becomes pierced by paired branchial slits

(figs. 243, 244).

The body of

the adult animal

is worm-like and

completely cili-

ated
;

it can be

divided by the

external features

into a number of

different regions.

The anterior end

of the body is

indicated by a

proboscis well

marked off and

projecting like a

This is fol-

Fio. 244. Stage in the conver-

sion of Tornaria into Balano-

ylossui, with four pairs of

branchial slits (after Al.

Agassiz). Letters as in figs.

242, 243.

FIG. 243. Stage in the con-
nea(l-

version of Tornaria into Bala- lowed bv a niUSCU-
noylusiiit, with one pair of

branchial slits (after E. Met- iar Collar. Jb*Oste-

schuikoff), seen from the side. rior to t]ie collar
So, external branchial open-

ing ; p, peritoneal sac
; re, there is a longer portion of the body, the

circular vessel; o, mouth; c, branchial region, which may be divided into
he\rt.

a median distinctly ringed part (branchiae)

and two lobed lateral portions usually filled with yellow glands. At
the boundary, between the median portion and the two lateral lobes,

there are on either side rows of openings which serve for the exit

of the water from the branchial chamber. Then follows a third

division of the body, the gastric region, upon the upper side of

which there are four rows of yellow glands (generative glands).
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Between these, brownish-green prominences are visible (the hepatic

appendages of the intestine), which, towards the posterior extremity
where the yellow glands disappear, are larger and more closely

aggregated. Finally there follows a distinctly ringed caudal region,

at the hind end of which is the anus.

The contractile proboscis serves not only as a siphon to maintain

respiration, but also as a locomotory organ. It projects above the

level of the mud in which the animal is buried, and is said to take in

water by a terminal aperture (the existence of this opening has been

recently disputed) [and to pass it out into the mouth through a pore

at its base].

The mouth lies behind the anterior margin of the so-called collar,

and leads into a buccal cavity, the walls of which contain a great

number of unicellular mucous glands. The portion of the alimen-

tary canal which follows the buccal cavity bears the branchial frame-

work, and is divided into a dorsal and ventral part by two longitudinal

folds, so that it almost presents in transverse section the appearance
of a figure of 8. The intestine does not hang freely in the body

cavity, but, except in the region of the tail, is fastened to the body
wall by connective tissue; it is, however, always very closely attached

in the two median lines. Beneath the dorsal and ventral median

lines, where the two principal vascular trunks are visible through the

skin, two grooves, beset with strong cilia, run along the whole length

of the intestine. From these grooves secondary grooves are given off,

and as it were divide the whole surface of the intestine into islands.

Some distance behind the branchial region, on the upper side of the

intestine, the peculiar cell masses begin, which gradually assume the

form, of sac-like diverticula with ciliated internal walls. These
"
hepatic appendages

"
are either disposed in a simple row along each

side (B. minutus Kow.), or densely aggregated together (Z>. clavigerus

Delle Ch.)

The branchial basket-work which is placed at the commencement

of the alimentary canal projects on the anterior flattened part of the

body in the form of a ti-ansversely ringed longitudinal fold, and con-

tains a system of chitinous plates, which constitute its framework and

are connected in a peculiar manner by transverse rods. The water

taken in through the mouth passes through special openings in the

wall of the anterior portion of the alimentary canal into the ciliated

branchial spaces, to issue thence through the two rows of lateral

pores on the dorsal surface of the branchial region.

The vascular system consists of two median longitudinal trunks,
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\vhicli give off numerous transverse branches to the walls of the

intestine and body, and of two lateral trunks. The branchia? receive

their rich vascular supply entirely from the lower trunk. The upper

trunk, in which the blood flows from behind forwards, divides at tho

posterior end of the branchire into four branches, of which the two

lateral ones pass to the lateral portions of the anterior part of the

body.

Certain fibrous cords, running directly beneath the epidermis in the

dorsal and ventral median lines and branching into a net-work of fine

fibrilla1

,
have lately been interpreted as nervous centres. These cords

are described as being connected at the posterior end of the collar by
a ring-like commissure.

The generative organs are arranged in single rows in the branchial

region, but posterior to this in double rows. During the breeding
season they are extraordinarily developed, and the male and female

can be easily distinguished by the difference in their colour. Each
ovum is contained in a capsule, which is provided with nuclei, but is

otherwise homogeneous. The eggs are probably laid in strings like

those of Nemertines.

These animals live in fine sand. They saturate the sand in their

immediate vicinity with mucous. They fill their alimentary canal

with sand, and move themselves by means of their proboscis, which,

alternately elongating and retracting, draws the body after it.

Both the species named were found in the Gulf of Naples. A third

northern species of Balanoylossus was discovered by Willemoes-Suhm,
and described as B. Kupfferi.

CHAPTER IX.

VERMES.

Bilateral animals with unsegmented or uniformly (Jiomonomius)

segmented lody. There are no segmented lateral appendages. A
dermal muscular system and paired excretory canals (it.-aler-vascular

system} are present.

SINCE the time of Cuvier, a number of groups of animals all

characterised by the possession of an elongated laterally symmetrical

body and by the absence of articulated limbs have been classed

together as Vermes. This group includes such a variety of forms

that attempts have already been made to break it up, and it will

perhaps be necessary at some future time to separate the unseg-
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mented from the segmented forms, under the respective heads of

Vermes and Annelida.

The form of the body, which is soft and adapted to live in damp
media, is usually elongated, flat, or cylindrical, sometimes without

rings, sometimes ringed, and sometimes divided into segments (meta-

meres). In every case we can distinguish a ventral and a dorsal

surface. It is on the first that the animal moves or attaches itself

to foreign objects. The mouth is usually placed ventrally at the

end of the body which is directed forward in locomotion. The con-

trast between the flat, shorter form of body and the cylindrical and

elongated seems, especially in the case of the non-segmented worms

(Vermes s. str.), to be of importance, so that on this ground we can

establish the classes of Platyhelminthes or flat worms, and of

Xemathelminthes or round worms. The segmented worms (Annelida)

possess a ventral chain of ganglia

in addition to the brain, and a

segmentation of the organs which

corresponds more or less with

the external segmentation. The

portions of the body which are

primitively alike and are known

as segments or metameres do

not by any means always re-

main homonomous. In the

most highly developed segmented

worms, the two anterior seg-

ments unite to form a division

of the body which foreshadows

the head of the Arthropoda, and,

like the latter, is pierced by the

mouth, contains the brain, and

bears the sense organs (fig. 245).

In the succeeding metameres there are also frequently variations of

form which disturb the homonomy.
The skin of worms presents very different degrees of consistence,

and covers a strongly developed muscular system. In the skin we

can distinguish a layer of cells (hypodermis) or. at any rate, a

nucleated layer of protoplasm which functions as a matrix, and a

superficial homogeneous cuticular layer which is secreted by the first-

named layer or matrix and in the lower worms is extremely thin and

delicate. In the Nemathelminthes it is often laminated, and can

FIG. 215. -Head and anterior segments of

Eunice seen from the dorsal surface. T,

Tentacles or antennae of the pra^stomium ;

Ct, tentacular cirri; C, cirri of the

parapodia ; Sr, branchial appendages
of the parapodia.
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even be separated into several layers. It is of considerable thickness

in many Annelida (Ckcetopoda), and may be perforated by pores. Cilia

are found principally in the larval stages of Platyhelminthes and

Annelida. Where there are no cilia, the superficial cuticular mem-

brane, which may project in the form of tubercles or spines, consists

of a substance allied to the chitin of the Arthropod skin, like which it

may bear cuticular formations of many kinds, such as hairs, bristles,

hooks, etc. In many Nemathdminthes, as well as in segmented

worms, this firm cuticula gives rise to a kind of exo-skeleton, which

opposes the contractions of the dermal muscular envelope. In the

Chcetopoda among the Annelida, but also in the Rotifora, the tough

integument is divided into a number of sections lying one behind the

other. These, like the segments of Arthropoda, are connected by
soft portions of skin and moved by the dermal muscles, which are

divided into corresponding groups. The cutaneous segments of the

Rot ifera are not true metameres, since there is no segmentation of

the internal organs.

Cutaneous glands are very widely distributed ; they are sometimes

unicellular, sometimes polycellular, and are sometimes situated

directly beneath the epidermis, sometimes in the deeper tissues of

the body.

The tissue which lies beneath the hypodermis, and which we may
call the cutis, contains in all cases longitudinal and in some cases

also circular muscles, and so constitutes a muscular cutaneous envelope,

the principal locomotory organ of worms. Taking into consideration

the importance of this dermal muscular system in the locomotion of

worms, we must attribute a certain systematic value to the special

forms which it assumes, a value which, however, we must be careful

not to exaggerate. The stratification and the direction of the fibres

of this dermal muscular system is most complicated in the Platyhel-

minthes and in the Hirudinea amongst the Chcetopoda, for here we
find the circular and longitudinal muscles, which are embedded in a

basis of connective tissue, crossed by muscle fibres, which run in a

dorso-ventral direction (sometimes also by fibres running obliquely).

To these may be added groups of muscular fibres, which serve to

attach the internal organs to the integument. The suckers of the

parasitic worms, the pits and the parapodia with their setse of

Chcetopoda,'amst})e looked upon as special differentiations of the dermo-

muscular envelope. These aids to locomotion are mostly developed

upon the ventral surface. The suckers and their accessory hooks,

etc., are situated either near the two ends or in the middle of the

20
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body ;
the parapodia are distributed in pairs on the individual seg-

ments along the whole length of the body, and belong to the dorsal as

well as to the ventral surface, so that each segment bears a dorsal and

a ventral pair of parapodia.

The internal organization of Worms is extraordinarily various.

In those flat and round worms which live in the chyme or the other

organic juices of the higher animals, as, for instance, the Cestoda and

the Acanthocephala, the whole of the digestive apparatus, including

the mouth and anus, may be wanting ;
the nutrition in such cases

taking place by osmosis through the body-wall. When the alimen-

tary canal is present, the mouth is usually situated ventrally in the

anterior region of the body, while the anus is placed either terminally

at the posterior end of the body, or near it on the dorsal surface.

The alimentary canal is generally simple, and is only exceptionally-

divided into numerous portions corresponding to the special functions.

A muscular pharynx can most often be distinguished, also a well

developed stomach and a short rectum opening at the anus.

The nervous system appears in its most simple form as an unpaired

ganglion or, when the two parts of which it is composed are

separated, as a pair of ganglia (fig. 76), which are placed near the

anterior pole of the body above the oesophagus and genetically may be

referred to the apical plate of Loven's Chsetopod larva. The nervous

system has more rarely the form of a nerve ring surrounding the

oesophagus and connected with groups of ganglion cells (Nemntoda).
The nerves given off from the supra-cesophageal ganglion are distri-

buted symmetrically forwards and laterally ; they supply the sense

organs, and form two strong lateral nervous trunks, which run back-

wards. In still higher types two larger ganglia appear, which are con-

nected by an inferior commissure (J^em&rtinea). In the Annelids with

degenerated rnetarneres (Gephyrea) there is in addition to the supra-

cesophageal ganglion (the brain) a ventral nerve cord connected with

the supra-cesophageal ganglion by an cesophageal ring. This nerve

cord is in all other Annelids divided into a series of paired ganglia,

which, in most cases, correspond to the segmentation. The lateral

nerve trunks approach each other in the middle line below the ali-

mentary canal, and constitute, together with their ganglia, which are

connected together by transverse commissures, a ventral chain of

ganglia, which is connected with the brain by the circurn-cesophageal

commissures, and is continued to the hind end of the body, giving off

in its course paired nerves to the right and left.

The sense organs are represented by eyes, auditory apparatus, and
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;tactile organs. The latter are joined to nervous expansions and

special integumentary appendages (tactile hairs), and are present

even in the parasitic Worms as papilla? of the outer skin connected

with nerves. Iri the free-living worms, these tactile organs fre-

quently take the form of filiform, tentacle-like appendages on the

head and segments (cirri). Auditory organs are not so generally

present, and are represented by auditory vesicles (otocysts) either

lying on the brain (some Turbellaria and JVemertinea), or on the

cesophageal ring (certain branchiate Worms among the Annelida).
The organs of sight are simple pigment spots in connection with

nerves (eye-spots), and may be provided with refractive bodies. The

ciliated pits of the Nemertinea have been regarded as organs of smell.

The cup-shaped organs of the Hirudinea and GepJiyrea are also sense

organs.

Br

FIG. 21G. Section through a body segment of Eunice. Sr
y

branchial appendages ; C, cirri ; P, parapodia with tuft

of bristles ; D, intestine ; N, nervous system.

A blood vascular

system is wanting in

the Nemathelminthes,

the Rotifera, and the

Platyhelminthes with

the exception of the

Nemertinea. In

these cases, the nu-

tritive fluid passes

endosmotically into

the body parenchyma
or into the body cavi-

ty, and penetrates the

tissues as a clear chyle, sometimes containing cellular elements. In the

Nemertinea a blood vascular system is present, as also in the Gepliyrea

find Annelida. In the latter it obtains the highest development, and

may have the form of a completely closed vascular system provided

with pulsating trunks. In most cases a dorsal contractile longitudinal

trunk and a ventral vessel can be distinguished ;
the t\vo being-

connected in each segment by arched transverse vessels, which are

sometimes pulsatile. Where a vascular system is present, the blood

does not always appear clear and colourless like the fluids of the

body cavity, but sometimes has a yellow, greenish, or more frequently

red colour, which is in some cases connected with the presence of

blood corpuscles.

The function of respiration is usually performed by the general

external surface of the body. Among the Annelida, however, we
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find in the large marine Chcetopoda tiliform or branched gills, which

are usually appendages of the parapodia (fig. 246). A respiratory

function may also be attributed to the tentacles of the Gephyrea.

The excretory organs are represented by the so-called water-vas-

cular system, which consists of canals of different sizes, symmetrically

arranged and filled with a watery fluid in which granules are sus-

pended ; they communicate with the exterior through one or more

openings. The canals begin either as small passages in the tissues of

the body, or free funnel-shaped openings in the body cavity. In

the last case, they may subserve other functions
;
for example, they

may conduct the generative products out of the body cavity. In the

segmented Vermes they are paired, and are repeated in each segment
as nephridia or segmented organs (fig. 70). A different arrangement
is presented by the two lateral canals of the Xematoda, which lie in

the so-called lateral lines or areas, and open by a common excretory

pore in the region of the pharynx.

In addition to sexual reproduction an asexual multiplication by
means of gemmation and fission (rarely by formation of germinal

cells) is widely distributed, especially among the lower forms.

This asexual reproduction is, however, frequently confined to the

larvae, which differ from the sexually mature animal in form and

habitation, and play the part of an asexual generation in the cycle

of development. Almost all the Plati/helminthes and numerous

Annelida are hermaphrodite ;
the Nemathelminthes, the Gepliyrea, and

Rot ifera, and also the branchiate Annelids are of separate sexes.

Many Worms pass through a metamorphosis; the larvae are charac-

terised by the possession of a pneoral ring of cilia (Loven's larva),

or of several rings of cilia. In the Cestoda and Trematoda, which

possess in their embryonic stage the capability of asexual reproduc-

tion, 'the metamorphosis assumes the form of a more or less com-

plicated alternation of generations which is often characterised

by the difference in the habitat of the two successive stages

of development and by the alternation of a parasitic and free

life.

The vital activity of the Worms is in general of a low order,

corresponding with their habitat. Many of them (Entozoa) live as

parasites in the interior of the organs of other animals, some as

ectoparasites on the external surface of the body, and feed on the

juices of their hosts. Others live free in damp earth, or in mud
;

others, and these are the most highly organized forms, inhabit fresh

and salt water.
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CLASS I. PLATYHELMINTHES

Vermes with ajlat, more or less elongated body, with cerebral gan-

glion. They are often provided with suckers and hooks, and are usually

hermaphrodite.

The series of forms included under this class are mostly Entozoa,

or else live in the mud and beneath stones in the water. In their

organization they occupy the lowest place among the worms. Their

body is more or less flattened, and is either unsegmented or is divided

by transverse constrictions into a number of successive divisions,

which, although forming parts of one animal, yet have a strong

tendency towards individualisation, and frequently attain to separa-

tion and lead an independent life. These segments are products of

growth in the direction of the long axis of the body, and stand in a

special relation to reproduction. They are by no means to be con-

sidered as necessarily indicating a high grade of organization, as does

the segmentation of the Annelida. The alimentary canal may be

altogether wanting (Cestoda\ or, if present, may be without an anus

(Trematoda, Turbellaria). The nervous system is usually composed of a

double ganglion above the oesophagus, giving off small nerves anteriorly

and laterally, and two stems backwards. In many Platyhelininthes

simple eye-spots occur, either with or without refractive bodies, and

more rarely there is an auditory vesicle. Blood-vessels and organs

of respiration are found only in the Nemertinea. The excretory

(water vascular) system is everywhere developed. With the excep-

tion of the Microstomidce and Nemertinea, hermaphroditism is the

rule. The female generative glands consist of distinct yolk-glands

and ovaries. The development very frequently takes place by a very

complicated process of metamorphosis connected with alternation of

generations.

Order 1. TURBELLARIA.*

Free living Platyhelminthes with oval or leaf-shaped body, with

soft skin covered with cilia. They possess a mouth and aproctous
/

*
Duges,

" Piecherches sur 1'organisation et les moeurs de Planaircs," Ann.
deft So. Nat., Ser. I., Tom XV. A. S. Oerstedt,

" Entwurf ciner systcmatischen

Eiutheilung und speciellen Beschreibung der Plattwiirmern," Copenhagen,
]s|t. De Quatrcfages,

" Memoire sur quelques Planariees marines," Ann. dcs

Sc. Nat., 1845. M. Schultze,
"
Beitriige zur Naturgeschichte der Turbellarien,"

Greifswald, 1851. L. Graff,
" Zur Keimtniss der Turbellarien," Zcitscknft fur

KV.v.x'. Zool., Tom XXIV. L. Graff, "Neue Mittheilungen iibcr Turbellarien."

Zeitccli. f. n-ixx. Zool., xxv., 1875. P. Hallez, "Contributions a I'LLstoirc

uatnrellc dcs Turbellaries," Lille, 1879.
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a

alimentary canal. Hooks and suckers are absent. A cerebral ganglion

is present.

The Turlidl'irla usually possess an oval flattened body, and reach

only a small size. The uniform ciliation of the body is connected

with their existence in fresh and salt water, beneath stones, in mud,

and even in damp earth. Only in exceptional cases do we meet

with apparatuses for adhering, viz., small hooks and suckers.

The skin consists of a single layer of cells, or of a finely granular

layer containing nuclei, which is sup-

ported by a stratified basal membrane,
and covered externally by a special

homogeneous, membrane bearing cilia

and comparable to a cuticula. Peculiar

integumentary structures, which have

the form of rods or spindles, and, like

the nematocysts in Ccelenterata, take

their origin in cells, are not unfre-

quently present. Various pigments are

also often found embedded in the epi-

dermis, and of these pigments the green-

coloured vesicles, in Vortex viridis for

example, which are identical with chlo-

rophyl corpuscles, are specially worthy
of remark. Pear-shaped mucous glands

are also present. Beneath the conspicu-

ous basement membrane which supports

the epidermis lies the dermis. It con-

tains the strongly developed derma]

muscular systern embedded in a connec-

tive tissue layer formed of round, often

branched cells. A body cavity between
FIG. 217. Alimentary canal and ner-

, , , , , ,, ,.

Tons system of Meioetomum Ehren- the body wall and the alimentary canal,

i,;->,i; (after Graff). G, the two
js as a ru ie absent ; it rnav, however,'

cerebral ganglia with two eye . .

"

spots; st, the two lateral nerve in many cases be recognised as a system
of lacuna'', or as a continuous cavity

surrounding the alimentary canal.

The nervous system consists of two ganglia connected by a com-

xnissure, and giving off nerve fibres in various directions
;
of these,

two especially large lateral trunks run backwards, one on either side

(fig. 247). The latter are connected at regular intervals by delicate

transverse trunks. In a number of dcndroccelous Turbellarians a

D

trunks ; D, alimentary canal with

mouth and pharynx.
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diverticulum of the stomach runs forward above the transverse

commissure in a groove between the two cerebral lobes (Leptoplana).

In some genera of Planarians, a ring-shaped double commissure has

been shown to exist in the brain (Poli/celis),
and ganglion-like

swellings, from which nerves are given off, have been observed on

the lateral nerve-trunks (Sphyrocephalus, Polydadus).

With regard to sense organs, eye spots are tolerably widely distri-

buted among the Turbellaria. They either lie in

pairs upon the cerebral ganglia or are connected

with short nerves given off from the latter. More

frequently two larger eyes Avith refractive struc-

tues are developed. Otocysts are but rarely

present, e.g.. in Monocelis among the likabdoccela

a single one is present lying upon the cerebral

ganglion. The integument is Avithout doubt en-

doAved Avith a highly developed tactile sense ;
the

large hairs and stiff bristles which project between

the cilia may possibly be of importance in this

relation. Lateral ciliated pits, which may also be

explained as sense organs, are in rare cases present

at the anterior end of the body (compare the

Nemertinea}.

Mouth and digestive apparatus are never Avanting

but the former is frequently removed from the

ventral surface of the anterior end of the body to

the middle or, indeed, even to the posterior region.

According to Metschnikoff and Ulianin, a stomach

may in some cases be absent (Convoluta, Schizo-

jjrora], and be replaced, as in Infusoria, by a soft

internal parenchyma. The mouth leads into a

muscular pharynx, Avhich can usually be protruded

after the manner of a proboscis. The alimentary

canal, of Avhich the internal Avail is frequently

ciliated, is either forked and then simple or

In-.- inched (Dendrocodci), or rod-shaped (RJidbdo-

coela}. An anus is never present. A peculiar tube capable of being

evaginated as a proboscis, and without connection Avith the pharynx
is sometimes also present (Prostonnun).

The excretory (water-vascular) system consists of tAVO transparent

lateral trunks and innumerable side branches, Avhich begin Avith

closed ciliated funnels, and are furnished Avith vibratUe cilia, Avhich

FlG. 248. 31'erostO'.

mum linearc, after

Graff. A chain

produced by fis-

sidn
; O,-O', mouth

openings.
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project here and there freely into the vessels. As a rule, several

openings occur on the main trunk of this excretory apparatus.

Reproduction may take place asexually by transverse fission, e.g.,

Derostomea (Cutenula) and 21icrostomea
(fig. 248). With the

exception of the Microstomea, the Turbellaria are hermaphrodite;
but steps intermediate between the hermaphrodite and the dioecious

condition seem by no means to be wanting, for, according to

Metschnikoff, in Prostomum lineare the male generative organs
are sometimes developed, while the female remain rudimentary ;

and sometimes, on the other

hand, the reverse holds. In

Acmostomum dicecum also the

sexeo are separate. In the her-

maphrodite forms the male sexual

organs consist of testes, which

mostly lie as paired tubes at the

sides of the body, also of vesi-

cular serninales, and of a protru-
sible copulatory organ beset with

hooks. The female organs con-

sist of ovaries, yolk glands

(vitellarium), a receptaculnm

seminis, a vagina, and a uterus

(fig. 249). The male copula-

tory organ and the vagina open
as a rule by a common orifice

upon the ventral surface. Some-

times, as in the Rhabdoccele

genus Macrostomum, the vitella-

rium (yolk gland) and ovary
are united; the ova being

produced at the upper blind end

of the ovary, and the yolk at the
lower end of the same gland. In the marine Dendrocoula, on the
other hand, the vitellarium is generally absent, After fertilization,
a hard, usually reddish-brown shell begins to be formed round the
ovum. In such cases, the hard-shelled eggs are laid ; but among the

Rhabdoccola, in Scldzostomum and certain Jhsostomea (M. Hhren-

bergii), transparent eggs furnished with thin, colourless capsules,
and undergoing development in the body of the parent, arc often

produced. According to Schneider, the production of these thin-

249. Generative apparatus of Meeoato-
mum Ehrenbergii (combined from Graff
and Schneider). S, Pharynx ; Go, sexual

openings ; Or, ovary ; Ut, uterus, with
winter eggs ; Do, yejk gland ; Dg, duct
of yolk gland; T, testia

; Yd, vas deferens ;

P, penis ; lit, receptaculum seminis.
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shelled or summer eggs invariably precedes that of the hard-shelled

or ivinter eggs, and the summer eggs are normally self-fertilized.

In rare cases the hermaphrodite generative organs present a

segmentation recalling that of fche Cestoda (Alaurina composita).
The freshwater Turbellaria, as well as many of the marine forms,

undergo a simple direct development, and in the young state are often

difficult to distinguish from Infusoria. Other marine Dendrocoda

undergo a metamorphosis, the larvae being characterised by the

possession of finger-shaped ciliated lobes (fig. 251).

(1) Sub-order : Rhabdocoela. The bo'dy is round and more or less

flat. The intestine is cylindrical, and there is usually a protrusible

pharynx. They are usually hermaphrodite.
The Rhabdoccelous Turbellarians are the smallest and most simply

organised forms. The intestine is cylindrical and elongated, and is

sometimes provided with lateral diverticula. The position of the

mouth varies exceedingly, and has been employed as a principal

characteristic for distinguishing the various families. Sometimes

salivary glands are present, opening into the pharynx. According
to Ulianin's discovery, which has been several times confirmed, the

alimentary canal may be wanting in many forms, and be replaced

by a central cavity, filled with a substance containing numerous

vacuoles and rich in oil globules (Convoluta, Schizoprora, Nadina).
In those Rhaldocorda which possess an alimentary canal, interstices

and spaces in the connective tissue parenchyma are often present :

these must be related to a body cavity. In some cases (in Prostomum)
the body cavity may be recognised as a continuous space filled with

fluid and surrounding the alimentary canal. The Rhabdocada live

on the juices of small worms and of the larvae of Entomostraca and

Insecta, which they envelop with a cutaneous secretion containing
small rods, and afterwards suck. They are mostly inhabitants of

fresh water, and only a few of them are to be met with in the sea

or upon the land (Gfeocentrophora sphyroceythala).

Fam. Opisthomidae. The mouth is placed at the posterior end tof the body
and leads into a . tubular pharynx, which can be protruded like a proboscis.
Jfunocelis agilix M. Sch., OpistJiomwn pallidum O. S.

Fam. Derostomidse. Mouth placed slightly behind the anterior margin ;

pharynx barrel-shaped. Derostomum Schmidtiamim, M. Sch., Vortex virldis,
M. Sch., Cateniila Icmna; Dug.
Fam. Mesostomidse. Mouth placed nearly in the middle of the body,

pharynx ringlike, cylindrical or resembling a sucker. Mvsostomum Ehrcnln'r>jii

Oerst., with two eyes.

Fam. Convolutidae. (Acoela). Without alimentary canal. The ovaries and
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yolk glands are Tint separate. Convoluta Ocrst. C. paradoxa Ocrst., North

Sea, Baltic. Scli\:oprura O. S.

Fam. Prostomidae. The mouth, which is situate on the ventral surface, leads

into a muscular pharynx. At the anterior end there is a protrusible tactile

proboscis furnished with papilla). Prostommn, Oerst. ((ri/r/itor Ehrbg.), P.
lineare Oerst. With pointed penial spine at the posterior end, imperfectly

hermaphrodite, living principally in fresh water. Pr. lielgolandicum, Kef.,

completely hermaphrodite.
Fam. Microstomidae. Ith/ilnlncccla with separate sexes. The small but very

extensible mouth lies near the anterior end of the body. There arc laterally

placed ciliated pits near the

anterior end of the body.
Formation of metamercs
and transverse fission fre-

quently occur. Alicrosto-

mum lineare Oerst. (fig.

248).

a
(2) Sub-order : Den-

drocoela. The body is

broad and flat, and the

lateral margins are often

plicated. There are ten-

tacle-like processes at

the anterior end. There

is a branched alimentary
canal and a muscular

pharynx which is usu-

ally protrusible. They
are, as a rule, herma-

phrodite.

The DendrocoeJa are

mostly marine, but also

live in fresh water and

on land. In their ex-

ternal appearance they
resemble the Trerna-

todes, and the branching
of their straight or

forked intestine is a

character common to the larger species of the latter. Compared
with the Rhaldocala, they are distinguished by the greater develop-

ment of their bi-lobed cerebral ganglion, as well as by the greater

number of their eyes (tig. 250). The rows of papilla, or the

tentacle-like processes at the anterior end of the body have

lie*

FIG. 250. Anatomy of PoJyceHg palllda (after Quatre-

fages). G, Cerebral ganglion with the nerves given
off from it ; O, mouth ; D, branches of intestine ; Or>

ova; O<7, oviduct; I", vagina; W.Goe, female gene-
rative opening; T, testes; M.Ooc, male generative

opening.
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probably the function of tactile organs. The mouth usually lies

in the middle of the body, and leads into a wide and protrusible

pharynx. The skin is often provided with glands, the secretion

of which in certain land Planaria (Bipalium, Rhynchodesmus)
hardens to a fibrous web. They are almost always hermaphrodite.
The fresh-water forms possess a common

generative opening, while in the marine

forms the generative openings are usu-

ally separate (fig. 250). In the latter

case a separate vitellariurn is absent.

In some marine forms development
takes place with metamorphosis, as is

shown by the larva discovered by J.

M tiller, which possessed six provisional

finger-like ciliated lobes (fig. 251).

In the fresh- water Planarians develop-

ment is direct. The cocoon, when laid,

contains four to six small eggs. At the

close of segmentation there is developed

a layer of cells, which is said to split

into two layers, an upper or animal layer, from which are derived

the body wall and muscular system, and a lower or vegetative, from

which the alimentary canal is formed. The marine Dendroccela fre-

quently deposit their eggs in the form, of broad bands.

1. Monogonopora Stimps. Den-

droccda with single sexual opening.
The land and fresh-water Planaria be-

long to this group.

FIG. 251. Larva of Eiirylepta auri-

culatd after Hallcz.

i

c
a

FIG. 252. Planaria potycJiroa (),

lugulris (4), torva (c), about twice

the natural size (after O.

Schmidt).

Fam. Planariadse. The body is of a long,

oval, flattened shape, and is often provided
with lobed processes, more rarely with ten-

tacles, and, as a rule, with two eyes, which
are provided with lenses. Planaria 0. Fr.

Muller, two eyes, no tentacles. PL torra,

M. Sch. (divided by 0. Schmidt into

2>oli/chrou, and torvu') (fig. 2o2). PL
Clap., with separate sexes. J)r>iih-i>etrliim

Oer.st. Distinguished by the possession of

lobed processes on the head, also by the

presence of a copulatory organ placed in a special sheath. D. Indciim Oerst.,

Polycelis n'ujra. bntnnea O. Fr. Mull.

Fain. Geoplanidae.* Land Hanarians. They are characterised by their

*
Besides 31. Schultze, Stimpson, Mctschnikoff, Grube, etc., compare II. N.
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elongated and flattened bod}-, which is provided with a foot-like ventral surface.

<;< a/,],
i /in l/i/iiifii-iifii Stimps.. Ilhy/i-hiiiJi-siitH-g terrestrls Gm. (FascioltKterrestra,

0. Fr. Miiller), Europe. Gcutle-tinns liliiir.itus, Metschn., with thread cells in

the integument, found in potter's earth.

2. Digonopora. Dendroc<da with double sexual opening. Almost

all are marine. The proboscis is often folded and lies within a

special pouch. When protruded, it spreads out like a lobe.

Fam. Stylochidae. The body is flat and rather thick, and is provided with

two short tentacles on the head. There are usually numerous eyes on the

tentacles or on the head. The genital openings are posterior. Mylorhus wnci/-

lufiix Quatr.

Fam. Leptoplanidae. Body flat and broad, usually very delicate. Cephalic

region not distinct, without tentacles. The eyes are more or less numerous.

The mouth is usually placed in front of the middle of the body. The genital

openings lie behind it. Lcptoplann trenu-llaris 0, Fr. Miill.. Mediterranean.

Fain. Euryleptidae. Body broad, and either smooth or furnished with

papilla?. There are two tentacle-like lobe? on the anterior region of the head.

The mouth is placed in front of the middle of the body. Numerous eyes are

disposed near the anterior margin. Marine. T/tyx/tHnzoon Dicsingli Gr.

Mediterranean. Eurylejita avricnlata 0. Fr. Miiller, North Sea.

Order 2. TREMATODA.*

Parasitic Platyhelminthes ivith unsetj'mented, usually leaf-shaped,

rarely cylindrical body. They possess a mouth and ventrally placed

organfor attachment : the intestine isforked and without an anus.

The Treniatodes are with great probability to be derived from

the Turbellaria, with which group, both in form and organization,

they show a close relationship. In connection with their parasitic

mode of life they develop special organs for adhering, such as

suckers and hooks. Cilia are present only in larval life.

The mouth is invariably placed at the anterior end of the body,

usually in the middle of a small sucker (tig. 253). It leads into

a muscular pharynx with a more or less elongated oesophagus, which

is prolonged into a forked intestine ending blindly.

Moseley,
" Notes on the Structure of Several Forms of Land Planarians," etc.

Journal of Mlrr. /s'c/V /tcr. vol. xvii.
* A. v. Nordmnim. "

Mikroirraphische Beitriige zur Kenntniss der wirbclin.-. n

Thiere," Berlin, 1832. G. G. Cants,
"
Beolmditung iii><T Leucochloridium

paradoxum, etc.." l\'r. Act., vol. xvii.. is:',n. AVngt-in'r.
" t'rlH-r Gyrodactylus

elccans," Mitllrr'x An-liu:. isiiit. Van Jleneden. " Mni'ohv MIT lr> vers intes-

tinaux," 1'aris. ]8<'.l. E. Zellcr.
"
rntcrsucliujigen iibi'i-ilii' Kntwirki'liniu' und

den Ban von 1'olysioiua intcjrtrriniuin, /< it*i-/tr. f. iris*. Zm'l., vol. xxii., 1S72.

E. Zellcr,
"
Untersiichuiigeii iiber die Entvvickelung von Diplozoum paradox-

urn," Ibid., vol. .\.\iii., 187:5. E. Zdlcr. " Qeber Leucoohloridium iiaiadoxum
und die weitere Entwickehni.LT seiner I >i^ioinuml>nii ." JliiL. Tom XXIV.
E. Zcller,

" Weitercr Beitragzur Kenntnifis dcr Polystomcen," Ibid., xxvii., 1S7G.

Compare also the works of G. Wagcncr and De Filippi.
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The excretory apparatus consists of two large lateral trunks and

a network of fine vessels permeating the tissues and beginning with

small ciliated lobules. The two large trunks open into a common
contractile vesicle, which opens to the exterior at the posterior end

of the body (fig. 253, Ep). The excretory system contains a watery
fluid with granular concretions. This fluid is probably an excretory

product, corresponding to the urine of higher animals.

The nervous system consists of a double ganglion lying above the

oesophagus, and from it several small nerves and two posteriorly

directed lateral trunks are said to be given off. Eye sj)ots with

refractive bodies are sometimes present in the larva? during their

migrations. Locomotion is effected

by the dermal muscular system and

the organs of attachment, viz., the

suckers and hooks, which present

numerous modifications in number,

form, and arrangement. In general,

the size and development of these

organs are related to the endo-

parasitic or ecto-parasitic mode of

life. In the endo-parasitic Trema-

todes they are less developed, and

usually consist of the oral sucker and

a second larger sucker on the ven-

tral surface, either near the mouth,

as in Distomum, or at the opposite

pole of the body (AmpJiistomu'ni).

This large sucker may, however, be

absent (Monostomuni). The ecto-

parasitic Polystomea, on the other

hand, are distinguished by a much

more powerful armature, for besides

two smaller suckers at the sides of the mouth, they possess one or

more large suckers at the posterior end of the body (fig. 258), which,

moreover, may be supported by rods of chitin. There are often

in addition chitinous hooks, and very frequently two larger hooks

among the posterior suckers in the middle line (//).

The Trematoda are mostly hermaphrodite. As a rule, the male and

female generative openings lie side by side, or one behind the other,

not far from the middle line of the ventral surface, near the anterior

end of the body (fig. 254). The male opening leads into a sac, the

FIG. 253. Young Ditfomum (after La

Valette). Ex, trunk of the excretory

(water vascular) system ; Ep, excre-

tory pore ; O, mouth with sucker ;

S, sucker in the middle of the ventral

surface ; P, pharynx ; D, forked' in-

testine.
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D

Dr.

cirrus sac, which encloses the protrnsible terminal part (cirrus) of the

vas deferens. The vas deferens soon divides into two, which lead

back to the two large simple or multilobed testes. The supposed
third vas deferens, which, according to v. Siebold, runs from one

testis to the female sexual apparatus, so as to permit of direct ferti-

lization without copulation, has been recognized as a vagina opening
to the exterior on the dorsal surface (canal of Laurer). The

female organs consist of a convo-

luted uterus and of the glands
concerned in the preparation of the

egg, viz., an ovary and two yolk

glands. There is sometimes in ad-

dition a special shell gland. The
true ovary which produces the pri-

mary ova is a round body, and is

usually placed in front of the testes.

The yolk glands which secrete the

yolk are much ramified tubular

glands, and fill the sides of the body

(fig. 254). The yolk particles come
in contact with the primary ova in

the first portion of the uterus, and

surround them in greater or less

quantities. Subsequently each

ovum, with its investment of yolk,

is surrounded by a strong shell. The
ova in their passage along the uterus

become packed together, often in

great numbers, and undergo the

stages of embryonic development
in the body of the parent. Most

Trematodes lay their eggs; only a

few are viviparous.

The just-hatched young either

possess (in most Polystomea] the
form and organization of the parent; or they present the phenomenon
of a complicated alternation of generations (heterogamy) connected
with a metamorphosis (Distomea). In the first case, the large eggs
become attached in the place where the mother lives; in the last

case, the relatively small eggs are deposited in a damp place, usually
in the water. After the completion of the segmentation and the em-

FIG. 25-i. Distomum hepaticum (after

Sommer). O, Mouth
; D, limb of in-

testine ; S, sucker; T, testes
; Do,

vitellarium ; Ov (uterus), oviduct; Dr,
accessory glands.
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bryonic development, the contractile, usually ciliated embryos* (fig.

255, a), which already possess the first rudiments of an excretory

system and more rarely a sucker with a mouth and alimentary canal,

leave the egg and wander about independently in search of a new host.

The latter is, as a rule, a snail, into the interior of which they pene-

trate and there become transformed into simple or branched Sporocysts

(without mouth and alimentary canal, fig. 255, c), or into Redicv

(with mouth and alimentary canal, fig. 255, cT).
These give rise, by

means of the so-called germs [cells lying in the body cavity of the

D

FIG. 255. Developmental history of Disfomitm (partly after R. Lcuckart). a, free swimming'
ciliated embryo of the liver flnke. !>, the same iu a state of contraction with rudimentary
alimentary canal (D) and cell mass (Or) (rudiments of the genital glands). Ex, ciliated

apparatus of the rudimentary excretory system, c, sporocyst developed from a Distomum
embryo, filled with Cercaria? (C) ; S. Boring spine of a Cercaria. d Redia with pharynx,
(Ph), and alimentary canal (D) ; O, mouth ; Ex, Excretory organ ; C, Cercaria inside

Redia. c, Free Cercaria ; S, sucker ; D, alimentary canal.
,

sporocyst or redia], which probably correspond to the germinal cells

(primitive ova) of the rudimentary ovary, to the generation of the

* As E. Leuckart has rightly observed, the Dlcyentlda; which were regarded
as Mesozoa by Ed. v. Beneden, as well as the Ortlxmcctidfr, which have
recently been especially investigated by Giard and E. Metschnikoff. and which
in the reproductive stage do not rise above a form corresponding to the embryos
of Trcmatodes, recall these Distomum larvse.
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tailed Cercarice, or to another generation of Sporocysts or Redicv*

which then produce the Cercarise.

The Cercarice are nothing else than Distomum larva?, which

eventually reach (often only after two migrations, an active and a

passive one) the final host, where they become sexually mature.

They are furnished with an exceedingly motile caudal appendage,

frequently with a buccal spine, and occasionally with eyes, and they

present in the rest of their organization great resemblances to the

adult Distomum, excepting that the generative organs are not

developed. In this form they leave independently the body of the

Redia or Sporocyst and of the host of the latter, and move about

in the water, partly creeping and partly swimming. Here they
soon find a new host (Snail, Worm, Insect larva, Crustacean, Fish,

Batrachian), into which they penetrate, aided by the powerful

6
vibrations of their tail ; they then

lose the latter and encyst.

The Cercarice from the interior

of the snail thus become distributed

amongst a number of hosts, and each

of them gives rise to an encysted

young Distomum without generative

organs. This young Distomum mi-

grates passively with the flesh of its

host into the stomach of another

animal, and thence, freed from its

cyst, into the organ (intestine, bladder

FIG. 256.-a , Embryo of i>;},M;*c,,,
etc

-)>
in which it becomes sexually

iubclavatus (after G. Wagener). mature.
D, Alimentary canal ; Ex, excre- m ,

tory system. 4, Embryo of Mo- Ihere. are, then, as a rule, three
nostomum mntabiie (after v. sic- different hosts in the organs of which
bold). P, Pigment spots; ,

redia in the interior of the embryo, the different developmental stages

(Redia or Sporocyst, encysted form,

sexually mature animal) of the Distomum bury themselves. The

transitions from one host to another are effected partly by inde-

pendent migration (embryos, Cercariaj), partly by passive migration

(encysted young Distomum).
Modifications of the ordinary course of development may, however,

take place these may be either complications or simplifications. The

embryo at hatching may contain a single Redia (as in Mcniostomum

* In Ccrcaria cystophora from Plnnorbix mury hiatus ; according to G.

Wagener, the primary a.sexual individual is a fynriiryst, the secondary a Jlcdln.
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flavum and mutabile), which it carries about until it enters the first

host (fig. 256, b). In other cases the course of development is sim-

plified by the omission of the second intermediate host, viz., that

which contains the encysted immature Distomum (Cercaria timcro-

cerca of Distomum cyynoides, also Leucochloridium in the tentacles of

Helix succinea).

(1) Sub-order : Distomea. Trematodes with at most two suckers,

without hooks. They develop with a complicated alternation of

generations. The asexual individuals and the larvse live principally

in Mollusca, the sexually mature animals in the alimentary canal of

Vertebrates.

The sexes are completely separated in

Distomum hcematobium (from the veins of

man) ;
individuals of the two sexes being

united in pairs (fig. 257). Dimorphic forms

are found in certain species of the genera

Monostomum and Distomum in connection

with the division of labour of the sexual

functions ; one individual develops only male

sexual organs, and the other only female, the

former producing spermatozoa and the latter

ova. The rudiment of the functionless

generative gland undergoes in these cases a

more or less complete degeneration. Such

Distomea are morphologically hermaphrodite,

but practically of separate sexes.

The complete biology and developmental

history is unfortunately only satisfactorily

known for a few species which can be fol-

lowed through all the stages of development.

FlQ. 257 Distomum hamafo-

bium. Male and. female,
the latter being in the

canalis gynrccophorus of

the former. S, sucker.

Fam. Monostomidse. Of an oval, elongated, more or less rounded form, with

only one sucker, which surrounds the mouth. Monostomiim Zeder. Sucker

surrounding the mouth
; pharynx powerful. Sexual openings but slightly

removed from the anterior end. M. mutallle Zeder, in the body cavity and in

the orbit of various water-birds
; viviparous. M. Jtavum Mehlis, in water-birds,

develops from Curcarla ephemera of Planorbis. M. lentis v. Nordm., the

young form without generative organs is found in the lens of the human eye.

M. lipartitum Wedl., living in pairs enclosed in a common cyst, the one indi-

vidual surrounded by the lobed posterior end of the other
;
branchiae of Tunny-

fish.

Fam. Distomidse. Body lancet-shaped, frequently spread out. more rarely elon-

gated and rounded with a large median sucker
;
in front of which lie the genital

openings, usually close together.

21



322 PLATTHELMIXTHES.

Diatomiim. Median sucker approached to the anterior one. It. Ju-jwticum L,

Liver fluke. With conical anterior end. and numerous spine-like prominences

on the surface of the broad leaf-shaped body, which is about 30 mm. long.

Lives in the bile-t!u?ts of sheep and other domestic animals, and produces

the liver disease of the sheep. It is occasionally found in Man, and bores its

way into the portal vein and into the system of the vena cava. The elongated

embryo only develops after the egg has remained a long time in water : it has

a continuous ciliated envelope with an X-shaped eye-spot. E. Leuckart's re-

searches have rendered it probable that the development is passed through in

the young Limntzus ziererjcr and trimcatvlvs, that here the embryo becomes a

,^/Hirocyst. and that this produces Hcdia, in which it is supposed that tailless

Digtomea arise.

[The life-history of the liver-fluke has been completely worked out by A. P.

Thomas {Quart. Journal of Mica-oscopical Sci. 1883, pp. 99 133). He -has

shown that the ciliated embryo passes into Limnceits ti'uncatulus, ami there

gives rise to a sjinrocyst which produces redias. The ri-dia; produce more

redice or Cercariee. The Cercarlee, which are provided with long tails, leave

the host (Limncevs trimcatiilvs"), swim about for a short time in the water, and

encyst on foreign objects, e.g. blades of grass. In this condition they are eaten

by the sheep.]

D. crassiim Busk., in the alimentary canal of the Chinese, one to two inches

in length, and half-inch broad, without spinous prominences, with a simple

forked intestine. D. lanccolatum Mehlis. Body elongated into the form of a

lancet, 8 9 m.m. long, lives in the same place with D. licpaticum. The embryo

develops at first in water, is pear-shaped, and only ciliated on the anterior half

of the body, bears a styliform spine on the projecting apex. D. oplithalinoibium

Dies. A doubtful species of which'only four specimens have been observed in the

lens capsule of a nine-months' child. D. JteteroyJtyes Bilh. v Sieb. 1 1-5 rnm.

long, in the alimentary canal of man in Egypt. D. goliath van Ben., 80 mm.

long, in Pteroljalaina. Numerous species live in the alimentary canal, lungs,

and bladder of the frog. Uistomttnjilicolle Rud. (Z. Olteni Kb'll) in pairs -in

the mucous sacs in the branchial cavity of Brama Raj I. The one individual is

cylindrical and narrow, and produces spermatozoa ;
the other is swollen in the

middle and posterior region of the body, and is filled with eggs. The dissimilar

development of the two individuals is probably due to the fact that copulation

only leads to the fertilization of one of them, which alone is able to perform
the female sexual functions. D. licematobium. Bilh. v. Sieb. (GyncecfljtJtorus

Dies) (fig. 257). Body elongated ;
sexes separate. The female is slender and

cylindrical. The male has powerful suckers, and the lateral margins of the

body are bent round BO as to form a groove, the canalis gynaacophorus, for the

reception of the female. They live in pairs in the portal vein, and in the veins

of the intestine and of the bladder of man in Abyssinia. According to Cobbold,

the embryos are ciliated, and possess a tolerably well developed excretory

system. By the deposition of masses of their eggs in the vessels of the mucous

membrane of the ureter, bladder, and great intestine, inflammation is set up,

which may cause hrcmaturia.

(2) Sub-order: Polystomea. TYematocles with two small lateral

suckers at the anterior end, and one or more posterior suckers, to

which two large chitinous hooks are often added. In exceptional
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cases (Tristomum coccineuni) transverse rows of bristles are found.

Paired eyes are frequently present. In some species the elongated

body presents a kind of external segmentation. They are for the

most part ectoparasitic, to a certain extent like the Hirudinea, and

they develop directly without alternation of generations from eggs
which are usually hatched in the locality inhabited by the mother.

Sometimes the development is a metamorphosis (Polystomum}, and
the young larvae live in another place.

The development of Polystomum inteyerri-

mum from the bladder of the frog is the best

known, owing to the researches of E. Zeller

(figs. 258, 259). The production of eggs begins W-
in the spring, when the frog awakes from

hibernation and proceeds to pair. It lasts

from three

fio.

D

m

FIG. 259. Egg with embryo{a),and hatched
larva (b) of Polystomum integerrimum ; Dk,
operculum (after E. Zeller).

to four
weeks. It

is easy then

to observe

the Polysto-

mea in the

process of

reciprocal

copulation.

When the

eggs are

being laid,

the parasite

forces the

the 258 - Polystomum inte-

gerrimum (after E. Zeller).

0, mouth
; Go, genital

opening ; D, intestine ;

IK, copulatory opening
(lateral pads) ; Dg, yolk
gland duct ; S, sucker ;

Ov, ovary ; If, hooks.

anterior end of the body with

opening through the mouth of the bladder

nearly as far as the anus. The development
of the embryo takes place in water and occu-

pies a period of many weeks, so that the

young larvae are only hatched when the tad-

poles have already acquired internal gills.

Gyrodactylus, and possess four eyes, a pharynx and alimentary canal,

as well as a posterior disc (for attachment), which is surrounded by
sixteen hooks. They possess five transverse rows of cilia

;
three are

ventral and anterior, two dorsal and posterior. There is also a
ciliated cell upon the anterior extremity. The larvae now migrate

The larvae resemble
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into the branchial cavity of the tadpole, lose their cilia, and are

transformed into young Pnlystomea by the formation of the two
median hooks and of the three pairs of suckers upon the posterior
disc. The young Poli/siomum, eight weeks after the migration into

the branchial cavity, at the time when the latter begins to abort,

passes through the stomach and intestine into the bladder, and there

a

FIG. 260. Young Diplozoon (after E. Zeller). a, Two young Diporpa beginning to attach

themselves together, b, After both individuals have attached themselves. O, mouth ;

ff, fixing apparatus ; Z, papillae ; <?, sucker.

only becomes sexually mature after three and more years. In some

exceptional cases, and always when the larva has passed on to the

gills of a very young tadpole, it becomes sexually mature in the

branchial cavity of the latter. The forms then remain very small,

are without the copulatory

canals and uterus, and die

after the production of a

single egg, without ever

getting to the bladder.

Fam. Polystomidae. With seve-

ral posterior suckers, which arc

usually paired and arranged in

two lateral rows, and are rein-

forced by an armature of hooks.

The genital openings are fre-

Fio. 261 .-Egg (a) and larva (b) of Diplozoon (after quently surrounded by hooks.

E. Zeller). Many species have a length of

only a few lines.

Polystomitm Zed., with four eyes ; with no lateral suckers at the anterior

end, but with oral sucker; with six suckers, two large median hooks and

sixteen small hooks at the posterior end. P. intcijcrrlmnm Rud., in the

bladder of Rana tcmjwmria. P. occllatitm in the pharyngeal cavity of

Eniys. In the formation of the testis and the absence of the uterus it

resembles the adult form of P. integerrimum from the branchial cavity of

the tadpole. OctoljotJirlum lunceolatum Duj. Onehocotyle appendiculata Kuhn,
on. the gills of Elasmobranchs.

Diplozoon v. Nordm. The animal is double, two individuals being fused to



TREMATODJL. 325

form an X-shaped double animal, the posterior ends of which are provided with

two large suckers divided into four pits. In the young state they live solitarily

as Dlporpa ; they then possess a ventral sucker and a dorsal papilla (2(50 a, G
and Z~). In the double animals the formation of ova is confined to a definite

period of the year, usually the spring. The eggs are laid singly after the forma-

tion of the thread by which they are attached, and two weeks later the embryo

(fig. .261, b~), which only differs from

Dlporpa in the possession of two eye-

spots and a ciliated apparatus upon the

sides and on the posterior extremity of

the body, is hatched. When an oppor-

tunity of fixing itself on the gills of a

fresh-water fish occurs, the young animal

loses its cilia and becomes a Dlporpa,
which possesses, besides the characteristic

apparatus for attachment, the alimentary

canal, and the two -excretory canals with

their openings at the anterior part of the

body (at the level of the pharynx), and
sucks the branchial blood. The junction
of the two Dtporpa soon follows

;
and

this does not take place, as was formerly

believed, by the fusion of the two ventral

suckers, but in such a manner that the

ventral sticker of each animal affixes itself

to the dorsal papilla of the other, and

fuses with it (fig. 260, V). D. 2>ara(Joj-um

v. Nordm., on the gills of many fresh-

water fish.

Fam. Gyrodactylidae. Very small Tre-

matodcs with large terminal caudal disc

and powerful hooks. They are viviparous,

producing a single young one (first gene-

ration) at a time, within which, while

still in the body of the parent, another

young one (second generation) may be

present, and in this yet another (third

generation). V. Siebold believed that he

had observed a young animal developing
from a germ cell of Gyrodactyliis, and

that this became pregnant during its

development. He regarded the Gyro-

dacttjlits as an asexual form, since he

failed to find organs for the production
of sperm. G. Wagoner, however, showed
that the reproduction is sexual, and

conceived the idea that the germs from which the second and third generations

are formed are derived from the remains of the fertilized ovum from which

the first generation is formed. Metschnikoff, too, is of the opinion that the

individuals of the first and second generations are formed at the same time

from a common mass of similar embryonic cells. Gyrodactylus v. Nonlm.,
G. elcgans v. Nordrn., from the gills of Cyprinoids and fresh-water fish.

FIG. 262. Tcenia saginata (nitdlocanellata),

natural size (after B. Lcuckart).
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Order 3. C. SIODA.*

and usually segmented Platyhelminthes without mouth

or alimentary canal, with organs for attachment at the anterior

extremity.

The tape-worms, which may easily be recognised by their band-

shaped usually segmented bodies, are parasitic in the alimentary

canal of Yertebrata, and were formerly taken for single animals.

Steenstrup was the first to introduce a different view, according

to which the tape-worm is a colonial animal, a chain of single

animals, each segment or proglottis being an individual. There are,

however, Cestoda, like CaryophylloBus, which are destitute both

of external segmentation and of segmentation of the gene-

rative organs ; while in other cases the segments of the body
are clearly differentiated, and each is provided with a set of genera-

tive organs, but they do not attain individual independence. The

proglottides, however, usually become separated off, and in some

cases (Echineibothriuni) after their separation from the body of the

tape-worm continue to live for a long time independently, and even

increase considerably in size
;

so that although the individuality

of the tape-worm may be justly insisted on, yet the subordinate

and morphologically more restricted degree of individuality of the

proglottis must also be admitted. This is the only satisfactory

mode of regarding the Cestoda ; especially as the entire tape-worm,
and not the proglottis alone, corresponds to the Trernatode, and is

to be derived from the latter by a simplification of organization and

loss of the alimentary canal.

The anterior part of the tape-worm is narrow, and presents a

terminal swelling by which it attaches itself. This anterior swollen

part is distinguished as the head of the tape-worm, but it is only

its external form which entitles it to this name. In Caryophyllosus

* Besides the older works and papers of Pallas, Zedcr, Bremser, Eudolphi,
Dicsmg, and others, compare van Beneden,

" Les vers cestoi'des ou acotyles,"
Brussels, 1850. Kiichenmeister,

" Ueber Cestoden im Allgemeinen und die

des Menschen insbesondere," Dresden, 1853. V. Siebold. " Ueber die
Band- und Blascn-wunner," Leipzig, 1854. G. Wagener,

" Die Entwicke-

lung, der Cestoden," Nov. Act. Leap.-Car., Tom XXIV., Suppl., 185-1.

G. Wagener,
"
Beitrag zur Entwickelungsgeschichte der Eingeweidewunner,"

Haarlem, 1857. II. Leuckart,
" Die Blasenbandwiirmcr und ihre Entwicke-

lung," Giessen, 1856. R. Leuckart, "Die menschlichen Parasiten," Bd. I.,

Leipzig, 18(52. F. Sommer and L. Landois,
" Ueber den Bau der geschlcchts-

reifen Glieder von Bothriocephalus latus," Zcltsclir. f. wiss. Zool., 1872.

F. Sommer,
" Ueber den Bau und die Entwickelungsgeschichte der Geschlechts-

organe von Taenia mediocanellata und Taeniasolium," llrid.,Tom XXIV., 1874.
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the head armature is very weak, and consists of a lobed fringed

expansion. The apex of the head often ends in a conical projection,

the rostellum, which is armed with a double circle of hooks, while

the lateral surfaces of the head are furnished with four suckers

(Ttenia, fig. 263). In other cases only two suckers are present

(Bothriocephalus) ;
or we find suckers of more complicated structure

and beset with hooks (Acomthoibothrium), or four protrusible probosces

beset with recurved hooks (Tetrarhynchus); while in other genera

the head armature presents various special forms. .

That portion of the animal which follows the hea.d and is dis-

tinguished as the neck shows, as a rule, the first traces of com-

mencing segmentation. The rings, which are at first faintly marked

and very narrow, become more and more distinct and gradually

larger the further they are removed from the head. At the pos-

terior extremity the segments or pro-

glottides are largest, and have the

power of becoming detached. After

separation they live independently

for a long time, and sometimes even

in the same medium.

The simplicity of the internal or-

ganization corresponds with the simple

appearance of the external structure.

Be'neath the delicate external cuticle

is a matrix consisting of small cells,
, , , . -.-, FIG. 263. Head of Tcenia. soJium, viewed

in which are scattered glandular ceils. from the front (apical surface), with

Beneath the matrix there is a delicate rosteiium and double circle of hooks.

The four suckers are visible.

superficial layer of longitudinal mus-

cular fibres, and next a parenchyma of connective tissue, in which

strongly-developed bundles of longitudinal muscular fibres, as well as

an inner layer of circular muscles, are embedded ; both these muscular

layers are traversed, principally at the sides of the body, by groups

of dorso-ventral muscular fibres. The power which the proglottis

possesses of altering its form is clue to the interaction of all these

muscles. By means of them it is able to shorten itself considerably,

at the same time becoming much broader and thicker, or to elongate to

double its normal length, becoming much thinner. In the connective

tissue parenchyma of the body, not only the muscles, but all the other

organs are embedded. In its peripheral portion, especially in the neigh-

bourhood of the head, we find small densely packed calcareous concre-

raents. which are generally regarded as calcified connective tissue cells.
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The nervous system consists of two lateral longitudinal cords passiug

externally to the main trunks of the excretory system. They are

somewhat swollen in the head, where they are connected by a trans-

verse commissure; these anterior swellings and the commissure

may represent a cephalic ganglion. Distinct sense organs are

wanting, but the tactile sense may be ascribed to the skin, especially
to that of the head and the suckers. An alimentary canal is also

wanting. The nutritive fluid, already prepared for absorption,

passes endosmotically through the body wall into the parenchyma.
The excretory apparatus, on the contrary, attains a considerable

development as a system of much ramified canals which are dis-

tributed throughout the whole

body.* It consists primarily of

two longitudinal canals (a dorsal

and a ventral), running along each

side of the body and connected in

the head and in each segment by
transverse trunks. According to

the state of contraction of the

muscular system, these longitudinal

trunks and cross branches appear
sometimes straight and sometimes

bent in a wavy or zigzag manner :

their breadth also presents consider-

able variation, so that the power of

contraction has been ascribed to

their walls. The longitudinal trunks

only serve as the efferent ducts of a

system of very fine vessels which

ramify throughout the whole paren-

chyma and receive numerous long

tubes : the latter begin in the

Fio. 261. A portion of the excretory
system of Cari/opJiyHceus mntabilis

(after Pintner). Wb, Ciliated funnels
with the nucleus of the cell belonging
to them.

parenchyma with closed funnels, which contain a vibratile ciliated

lappet (fig. 264). In many cases, as in the Ligididce and Caryo-

f>liyUcPust
these longitudinal trunks are broken up into numerous

longitudinal vessels, which are connected by transverse anastomoses.

In other cases, on the other hand, the two ventral vessels are enlarged
at the cost of the two dorsal, which may entirely atrophy. The

external opening of the excretory system is, as a rule, placed at the

*
Compare Th. Pintner,

"
Uutersucbungen iiber den Bau des Bandwunn-

korpers," Wien, 1880.
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posterior end of the body, i.e., at the hind end of the last segment,

in which a small vesicle with an external opening receives the longi-

tudinal trunks. According to the observations of Leuckart on

Tcenia cucumerina, the posterior transverse canals in the segments

immediately preceding the last become, by their gradual shortening

and the approach of the longitudinal trunks, transformed into the

vesicle, which acquires an external opening when the segment behind

it is detached. In rare cases the excretory system possesses additional

openings in the anterior part of the body behind the suckers.

The generative apparatus is also divided into segments which

correspond to the proglottides. Each proglottis possesses its own

__

~<-'*: X=>rv- rU vJ ^rTrr-

FIG. 265. Proglottia of TVenia mcdiocancUnta, with male and female organs (after Sommer).

Of, ovary; DS, yolk gland (vitellarium) ; SJ, shell gland ; Ut, uterua ; T, testea ; T'ci, vas

deferens
; Ci, pouch of the cirrus ; K, generative cloaca; Va, vagina.

male and female generative organs, and can therefore, when separated,

be considered as a sexual individual of a lower order. The male

apparatus consists of numerous pear-shaped vesicles, the testes (fig.

265, T), which are situated upon the dorsal side, and their vasa

efferentia open into a common efferent duct (vas deferens}. The coiled

end of this duct lies in a muscular pouch (cirrus sheath], whence it

can be protruded through the genital opening as the so-called cirrus.

This cirrus is frequently beset with spines which are directed back-

wards, and serves as a copulatory organ. The female generative

organs consist of ovary, yolk glcmd, shell ylund, uterus, receptaculum,

and vagina,. The vagina and vas deferens usually open into a common
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genital cloaca, which lies either on the ventral surface of the segment

(Bothriocepahis), O'- on the lateral margin (Tcenia) (fig. 265). In

the last case it is placed alter-

nately on the right and on the

left side. Nevertheless it may
happen that the two genital

openings are widely separate,

the male opening being placed

at the side, the female on the

surface of the segment. As
the segments increase in size

and become further removed

from the head, the contained

generative organs gradually
reach maturity in such a way
that the male generative

organs arrive at maturity
rather earlier than the female.

As soon as the male elements are mature, copulation takes place, and

the receptaculum seminis is filled with sperm, and then only do the

FIG. 2GG. Ripe proglottid.es ready to separate.

a, of Txnia soliiim ; b, of Ttfnia mediocanellata ;

We, water-vascu'ar (excretory) canal.

female generative organs reach

maturity. The ova are fertilized

and pass into the uterus, which

then assumes its characteristic

form and size. As the uterus

becomes distended, the testes and

then the ovaries and vitellaria are

more or less completely absorbed

(fig. 2G6). The posterior proglot-

tides, viz., those which are ready
for separation, have alone under-

gone full development, and the

eggs in their uterus often contain

completely developed embryos.

Accordingly we can recognize in

a continuous series of the seg-

ments the course of development

passed through by the sexual

organs and products in their

origin and gradual progress towards maturity. The number of

segments between that with the first trace of the cenerative organs

FIG. 207. Egg with embryo () of Tern

folium; (I) of 3ficrotaenia i (c), of Both

cephalus lutus (after R. Leuckart).
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and the first proglottis with fully developed organs gives us an

expression for the number of stages through which each segment
has to pass. The tape-worms are oviparous; either the embryo

develops within the egg-shell in the body of the mother, or the

development takes place outside the proglottis, for example in

water (Bothrioce2)halus) .

The eggs of ihe-Cestoda are round or oval in shape and of small

size. Their envelope is either simple or composed of numerous thin

membranes, or else forms a thick and strong capsule, which in Tcenia

is formed of densely packed rods united by a connecting substance,

and presents in consequence a granular appearance. In many cases

the development of the embryo coincides with that of the egg-

shell, so that the egg at the moment that it is laid contains a

a

FIG. 263. Stages in the development of Taenla sollum to the Cysticercus stage (partly after I?.

Leuckart). a, Egg with embryo, b, Free embryo, c, Rudiment of the head as a hollow

papilla on the wall of the vesicle, d, Bladder-worm with retracted head, e, The same

with protruded head, magnified about four tunes.

complete embryo with six, or more rarely, four hooks. In BotJtrio-

ccplialus the development takes place outside the proglottis during

the long period that the egg passes in water, and the embryo

leaves the egg as a ciliated larva (fig. 267, c).
The development

of the embryo into the tape-worm probably never takes place

directly in the same medium in the intestine of the original host.

As a rule there is a complicated metamorphosis, which is sometimes

(Echinococcus, Ccenurus) connected with alternation of generations ;

the successive stages live in different localities, and usually find the

conditions necessary to their development in different species of

animals, between which they migrate, partly actively and partly

passively. The eggs visually leave the intestine of the host with

the proglottis, and are deposited on dunghills, on plants, or in the
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water, and thence pass in the food into the stomach usually of

herbivorous or omnivorous animals. As soon as the egg membranes
are digested or burst by the action of the juices of the stomach of

the new host, the embryos which have been thus set free bore their

way into the gastric or intestinal vessels by means of their six

(rarely four) hooks, the points of which can be approached and
removed from one another over the periphery of the small globular

embryonic body. When they are once within the vascular system,

Fir,. 2W. a, Brood -rr.ppule of EMnococcus with developing heads (after R. Leuckart). 5,

Brood-capsule of Echinoeoeetu (after G. Wagoner), c. Heads of Echinococcua still connected
with the wall of the brood-capsule one is evaginated ; J'c, excretory canals.

they are no doubt carried along passively by the current of blood,

and transported by a longer or shorter route into the capillaries of

the different organs, as the liver, lungs, muscles, brain, etc. After

losing their hooks, they usually become enveloped by a cyst of

connective tissue, and grow into large vesicles with liquid contents

and a contractile wall
(fig. 268). The vesicle gradually becomes a

cystic or bladder worm by the formation of one (Cysticercus*) or

*
Exceptionally two or more heads arc found in some Cysticercus forms.
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several (Ccenurus) hollow buds, which are developed from the walls

and project into the interior of the vesicle (fig. 268, c). The

armature of the tape-worm head (suckers and double circle of hooks)
is formed on the inside and at the bottom of this invagination of

the wall of the vesicle (fig. 268, d). When these hollow buds are

evaginated so as to form external appendages of the vesicle, they

present the form and armature of the Cestode head, as well as a

more or less developed neck, which presents even at this stage traces

of segments (fig. 268, e).
In some cases (Echinococcus) the irregularly

shaped maternal vesicle produces from its internal walls one or two

generations* of secondary vesicles which project into it; and the

Cestode heads originate in special small brood-capsules

on these secondary vesicles (fig. 269, ).
In such

cases the number of tape-worms which arise from

one emlnyo is naturally enormous, and the parent

vesicle may reach a very considerable size, being some-

times as large as a man's head. In consequence of

this enormous growth the vesicles frequently obtain

an irregular shape ;
while on the other hand, the tape-

worms which are developed from them remain very

small, and carry, as a rule, only one ripe proglottis

(fig- 270).

So long as the tape-worm head (scolex) remains

attached to the body of the bladder-worm and in the

host of the latter, it never develops into a sexually

mature tape-worm ; although in many cases it grows

to a considerable length (Cysticercus fasciolaris of the

house-mouse). The bladder-worm must enter the

alimentary canal of another animal before the head

(scolex} can, after separation from the body of the

bladder-worm, develop into the sexually mature tape-

worm. This transportation is effected passively, the new host eating

the flesh or organs of the animal infected with Cysticerci. The tape-

worms, therefore, are principally found in the Carnivora, the Insect i-

nora, and the Omnivora, which receive the bladder-worms in the flesh

of the animals on which they feed. The vesicles are digested in the

stomach, and the cestode head becomes free as a scolex. The latter is

protected from the too- intense action of the gastric juice by its

calcareous concretions, and at once enters the small intestine, fastens

* In Cysticerci (0. longicollis, teniiicollif) also sterile daughter vesicles are

sometimes budded off.

FlG.270. Tania

jEchin oc occut

(after R. Leuc-

kart), magni-
fied 12 to 15

times.
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FlG. 271. Cysticercoid of

Tcenia cuciimerina, magni-
fied 60 times (after R.

Leuckart).

itself to the intestinal wall, and grows by gradual segmentation into

a tape-worm. From the Scolex the chain of proglottides proceeds as the

result of a growth in length accompanied by segmentation, a process

which is to be looked upon as a form of asexual reproduction (bud-

ding in the direction of the long axis). Since, however, it is the body
of the Scolex which undergoes growth and segmentation, it seems

most natural to assume the individuality of

the entire chain, and to subordinate to this

the individuality of the proglottides. The

development of the tape-worm is then to be

explained as a metamorphosis, characterised

by the inclividualization of certain stages of

the development. It is only in those cases

in which the young form produces a number
of heads that the development can be ex-

plained as a case of alternation of genera-
tions.

The development of some tape-worms pre-
sents considerable simplifications. In the

cysticercus stage the vesicle frequently dimin-

ishes to an excessively small appendage, and the Cysticercus becomes
a cysticercoid form, in which one portion bearing the embryonic hooks

is distinct from a larger part which represents the scolex
(figs. 271,

272). In other cases the embryo becomes a Scolex directly without

passing through a cystic stage, so

that the Scolex stage is merely a

late stage of the embryo (Bothrio-

cephalus}. The segments produced
from the Scolex also show very
different degrees of individuality,

and finally are sometimes not deve-

loped at all. In the latter case

(Caryopliyllrmis) the head and body
cannot be sharply distinguished from

one another, and represent only one

single individual comparable to a

Trematode and characterised by its

single generative apparatus. Its development is to be looked upon
as a metamorphosis completing itself in one individual.

Fam. Taeniadae. The armature of the head consists of four muscular suckers,

to which is frequently added a single or double circle of hooks on the rostcllum.

I

FIG. 272. Echiiiococcuf-likti Cysticercoid

from the body cavity of tho Earth-

worm (after E. Metschnikoff). a,

Brood- capsules with three Cysticer-
coids. b, Cysticercoid with evaginated
head.
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The proglottides have a marginal sexual opening. The vagina is usually long,

separated from the uterus, and enlarged at the end to form a receptaculum

seminis (fig. 265). The young stages are Cysticerci or Cysticercoids, rarely quite

without caudal vesicle ; parasitic in warm and cold-blooded animals.

Tan la L. ( Cystoteenia R. Lkt). Development takes place with large vesicles.

The heads arise from the embryonic vesicle itself.

T. solitim. L. 2 3 metres long. The double circle of hooks is composed of 26

hooks. The ripe proglottides are 8 10 mm. long and 6 7 mm. broad ;
the

uterus has 7 10 dendritic branches. It lives in the human intestine. The

Bladder-worms belonging to it (Ciistirernis celluloses) live principally in the

dermal cellular tissue and in the muscles of pigs, but also in the human body

(muscles, eyes, brain), in which self-infection with them is possible if a

Tania is present in the digestive canal
;
more rarely in the muscles of the

Eoe-deer, the Dog, and the Cat. In the human brain the Cystlccrcvs acquires

an elongated form, and sometimes does not produce a head.

T. saglnata Goeze=mediocaneHata Kiichcnm., in the intestine of Man, distin-

guished by the older helminthologists as a variety of

T. soliitiu. Head without circle of hooks or rostellum,

but with four more powerful suckers. The Tape-

worm reaches a length of four metres, and becomes

much stronger and thicker. The mature proglottides

are about 18 mm. long and 7 9 mm. broad. The

uterus forms 20 35 dichotomous side branches.

The Cysticercus lives in the muscles of the ox (fig.

273). It appears to be principally distributed in

the warmer parts of the Old World, but is often

found in great numbers in many places in the north.

T. scrrata Goeze, in the intestinal canal of the dog.

The Cysticercus is known as Cystieei'cvs pisciformis
in the liver of the Hare and Eabbit. T. crassicollis

Paid, in the Cat. \\i\hiCysticercii8fascwlaris of the

common mouse. T. marginata Batsch. of the Dog

(butcher's dog) and Wolf with Cysticercus tenuicol- Fl& - 273. fyrficercw* of

-,. ,. . j T>- i ii
lis from Ruminants and Pigs, and occasionally in magnified

Thfhead
mediocanellata,

about eight
Man (Cyst, riscerdl'us). T. crassiccjjs Rud. in the

is protruded.

fox with Cysticercus lonr/icollis from the thoracic

cavity of the Fieldmouse. T. ccennnis v. Sieb. in the intestine of the sheep-dog,

with Ctcnurvs cerebralis in the brain of one year old sheep. The presence of

Ccenurus in other places has been stated, as for instance in the body cavity of

the Rabbit. T. tcmdcollis Rud. in the intestine of the Weasel and the Pole-cat,

with a Cysticercus which, according to Kiichenmeister, lives in the hepatic

ducts of the Field-mouse.

Echinococcifer Weinl. The heads bud on special brood-capsules, in such a

way that their invagination is turned towards the lumen of the vesicle (fig.

269). T. echinococcus v. Sieb. (fig. 270) in the intestine of the dog, 34 mm.

long, forming but few proglottides. The hooks on the head are numerous but

small. Its Bladder-worm is distinguished by the great thickness of the stratified

cuticula. It lives as Echinococcus principally in the liver and the lungs of Man

(E. hominis) and of domestic animals (JS. veterinorum). The first form is also

distinguished as E. altric'qmncns on account of the frequent production of

primary and secondary vesicles ;
it usually reaches a very considerable size and
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has a very irregular shape ;
while that form which inhabits domestic animals,

E. scolicijyaricnx, more frequently retains the form of the simple vesicle.

Finally these echinococcus cysts frequently remain sterile, in which case they

are called Acepfialocysts. Another and indeed pathological form is the so-

called multilocular Echinococcus, which was for a long time taken for a colloid

cancer. It is also found in Mammalia (in

cattle), and here presents a confusing re-

semblance to a mass of tubercles. The

echinococcus disease (Jiydatid plague) was

widely spread in Iceland. This disease

likewise seems endemic in many places in

Australia.

T. (Microt&nia). The Cysticercoid form

is small, and has but little fluid in the small

portion which corresponds to the vesicle.

The head is small, but has a small club-

shaped or proboscis-like rostellum, and is

furnished with weak hooks. The eggs are

provided with several membranes. The

embryo is usually furnished with large

hooks. The Cysticercoid stages live prin-

cipally in Invertebrates (in Slugs, Insects,

etc.), and more rarely in cold-blooded

Vertebrates (the Tench). T. cucumcrlna

Bloch, in the intestine of dogs (house

dogs). The Cysticercoid is entirely without

the caudal vesicle, and lives (according to

Melnikoff and R. Leuckart) in the body

cavity of the Dog-louse (Trieliodectes canis).

The infection with the Cysticcrcoids takes

place when the dog swallows the parasites

which are annoying him, while the para-

sites swallow the eggs contained in fasces

adherent to the hair of the dog. Nearly
allied is T. ellijitica Batsch. in the intestine

of the Cat, occasionally in that of Man.

T. nana Bilh. v. Sieb. in the intestine of

the Abyssinians, hardly an inch long. T.

flavqpunctataWeial. in the human intestine

(North America). The Oysticercoids of the

Meal-worm are probably developed into

tape-worms in the intestines of Mice and

Rats.

In other partially unarmed Tatniax the

generative organs and development are as

yet not accurately known
;
such arc T.

FIG. 274 a. BotkriocfpJialui latiis (after

R. Leuckart).

pcrfoliata Goeze, and T. plicata Rud. in the horse
; T.pectinata Goeze, in the

hare
;

T. dispar Rud. in the frog ;
T. c.rpansa Im. in the ox.

Fam. Bothriocephalidae. With only two suckers, which are weak and flat.

The generative organs, as a rule, open upon the surface of the proglottis. The

proglottides do not become detached singly. Hydatid stage represented by
an encysted Scolcx.
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Hothr'wccpJuilus Brems. Segmented body. Head with two pits, without

hooks. The genital openings are on the middle of the ventral surface. The

young stage usually in fishes. B. latus Brems., the largest of the tape-worms

parasitic in man, twenty-four to thirty feet in length, principally found in

Russia, Poland, Switzerland, and South France. The sexually mature segments

are broader than they are long (about 10 12 mm. broad and 3 5 mm. long).

They do not become detached singly, but in groups (fig. 274). The segments

of the hindermost portion of the body are, how-

ever, narrower and longer. The head is club-

shaped, and is provided with two slit-like pits.

The cortical parts of the lateral regions of the

body contain a number of round masses of

granules, the yolk-glands (fig. 275, Dsf), the

contents of which are poured into the shell

glands (coiled glands) through the so-called

yellow ducts.

The genital openings lie close together, one

behind the other, in the midst of the segment

(fig. 275, a). The anterior and larger belongs to

the male generative apparatus, and leads into the muscular terminal portion

of the vas deferens, which is enclosed in the cirrus sheath and can be eva-

:_:inated as the cirrus (fig. 275, 67>). The vas deferens just before its entrance

into the cirrus pouch is dilated (fig. 275 i) to form a large muscular swelling

(the vesicula seminalis ?). It then becomes coiled, and passes in the direction

FIG. 274 1). Larva of a Bothrio-

cephalus from the Smelt (after

R. Leuckart).

Fio. 275. Generative organs of a sexually mature proglottis Of Bothriocep>talns latus (after

Sommer and R. Leuckarl) ; a, from the ventral surface, b, from the dorsal surface. O

and v, ovary ; Ut, uterus ; Sd, shell gland ; Dst, vitellarium (yolk gland) ; Va, vagina with

opening ; T, testis ; Cb, pouch of the cirrus ; Vd, vas deferens.

of the long axis of the segment on the dorsal surface and divides into two

side branches. These receive the efferent canals of the delicate testicular

sacs, which occupy the lateral parts of the middle layer (7)- The female

genital opening (fig. 275 a) leads into a vagina ( Va) situated behind the pouch

of the cirrus, and frequently filled with semen. This vagina runs as a tolerably

22
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straight median canal on the ventral surface, and opens by a short, narrow tube

into the oviduct. The vagina also functions as a receptaculum seminis. There

is yet a third opening (fig. 275, a), situated at some distance behind the other

two
;
this is the opening of the tubular uterus (Zft), the convolutions of which

give rise to a peculiar rosette-shaped figure in the midst of the segment

( Wappcnlilie Pallas). Close to the hind end of the segment the ducts of the

yolk-glands (JDsf) and of the ovaries ( Ov) unite with each other and open into

the uterus ;
the cells of the shell-gland (&Z) surround and open into the point

of junction of these structures. Behind the uterus, and partly among its

posterior lateral horns, lie the so-called coiled glands ;
and at its sides are

the so-called lateral glands (Eschricht). The latter are, according to Eschricht,

the ovaries or germaria (formerly held by Leuckart to be the vitellaria).

The coiled glands (Leuckart's ovaries), an aggregation of pear-shaped cells,

were considered by Stieda, with whom Landois and Sommer are in accord, to

be a shell gland (fig. 275).

The ova are for the most part developed in water, and escape from the upper

pole of the egg-shell through a lid-like valve. The escaped embryo is covered

with cilia, by means of which it swims about for a long time. Hence it is

probable that the later stages of development take place in an aquatic animal.

It is unknown how and in what host the embryo with six hooks becomes a

Scolex ;
and the question how this tape-worm gets into the human body in

spite of the researches of Knoch, who maintained that they appeared there

directly and without the intervention of an intermediate host is still un-

decided. S. cordatus Lkt. With large, heart-shaped head, without a filiform

neck
;
with numerous deposits of calcareous bodies in the parenchyma. It

attains a length of about three feet and lives in the intestines of man and of the

dog in Greenland.

Schistoceplialus Crepl. Head split, with a sucker on each side. The body

of the cestoid form is segmented. S. solidus Crepl. Lives in the body cavity

of the stickleback, escapes into the water, and becomes sexually adult in the

intestine of water-birds. Truenophorus Kud. Head not distinct, with two

weak suckers and with two pairs of tridentate.hooks. The body has no external

segmentation. The generative openings are marginal. T. nodulosus Eud. In

the intestine of the pike. Asexual encysted form in the liver of Cyprinus.

Fam. Ligulidse (Pseudopliyllidce). Without real suckers. Hooks are either

present or absent. The Cestoid has no segmentation, but the generative organs

are repeated. They live in the body cavity of Teleosteans and in the intestine

of birds. Ligula Bloch. Body band-shaped and unsegmented. L. simpli-

cissima Eud., in the body cavity of fishes and in the intestine of aquatic birds,

L. tuba v. Sieb.. in the intestine of the Tench.

The families of the Tetrarhynchidae (Tetrarlvynchui lingualis, Cuv., passes

its young stages in Soles, and is matured in the intestine of Bays and Dog-fish),

and Tetraphyllidae {EcMneibothrium minimum van Ben.) are allied here.

Fam. Caryophyllaeidae. Body elongated and unsegmented. The anterior

margin is plicated. There are no hooks, and there are eight sinuous longitu-

dinal canals of the excretory system. Generative organs single. The develop-

ment is a simplified metamorphosis. Ca/ryojaliyllceus mutabilis Eud., in the

intestine of Cyprinoids. The young form possibly lives in Tulifex rimtloruiii,

if the Helminth observed by d'Udekcm was the same. In this worm, howevert

there lives another parasite, which was observed by Eatzel and has recently

been more closely investigated by E. Leuckart, who has shown that it is
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Nc

a sexually mature Cestoid still fixed by an appendage bearing the embryonic
hooks. Archiffctcs Sieboldii Lkt. With two weak suckers and a caudal

appendage.

Order 4. NEMERTINI*= RHYNCIIOCCELA.

Elongated, frequently band-shaped Platyhelininthes, with straight

alimentary canal opening by an anus, and ivith

a separate protrusible proboscis. Usually ivith

tiuo ciliated pits in the cephalic region. TJie

sexes are separate.

The Nemertines are distinguished not only

by their elongated form, but also by their con-

siderable size and high organization. Thick

layers of muscles, traversed by connective tissue,

are spread beneath the integument, which con-

tains pigment as well as flask-shaped mucous

glands. The external layer of longitudinal

muscles, strongly developed in the Anopla, is

wanting in the Enopla (Nemertines, the probos-

cis of which is armed with stylets), in which

group there is only an outer layer of circular

muscles and an inner layer of longitudinal

muscles. A long tubular protrusible proboscis,

which is sometimes armed with stylet-shaped

rods, is always found at the anterior end of the

body above the buccal cavity, and projects

through a special prseoral opening (fig. 276), and

can be retracted into a special muscular sheath

separate from the body cavity. At the bottom

of the principal portion of the proboscis, there

is in many Nemertines (Enopla) a large spine,

which is directed forwards, and at its sides

numerous small secondary spines in pouches.

The posterior glandular portion of the proboscis,

to which retractor muscles are attached, is,

according to Claparede, to be regarded as a

poison apparatus. When the proboscis is pro-

* A. do Quatrefages,
" Memoire sur la famille des

Nemertines," Ann. des So. Nat.. Ser. 3, Tom. VI., 184G.

Mclntosh,
" On the Structure of the British Nemerte-

ans," Transact. Edlnb. Royal Soc., Tom XXV., 1 & 2.

Barrois. " Memoire sur TEmbryologie des Nemertcs," Paris, 1877. Hubrecht,
"
Untersuchungen u'ber Nemertinen, etc.," Niederl. Archii:, Tom. II.

FIG. 27o. Tetrastemma,

obscurum (after M.

Schultze). Young
specimen about 3 lines

in length ; O, mouth ;

JD, intestine; A, anus ;

Eg, blood vessels ; Ji,

proboscis armed with

stylet ; Ex, lateral

trunks of the excre-

tory system; P, ex-

cretory pore; G,

ciliated pit ; Nc, nerve-

centre ; Ss, lateral

nerve trunks ; Or,

eyes.
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trudecl, it is inverted like the finger of a glove, so that the blind

end at which the spines are placed becomes the extreme front end

of the protruded proboscis.

The brain attains a considerable development. Its two halves are

connected by a double commissure which embraces the proboscis, and

in them several lobes, usually a dorsal and ventral, may be distin-

guished. The two ventral lobes are produced into the two lateral

nerve trunks, which in certain cases (Oerstedtia) may approach
each other on the ventral surface. The nerve trunks contain not only
fibres but also a superficial layer of ganglion cells, which may give

rise to ganglion-like enlargements at the points of exit of the nerve

branches. In the embryos of Prosorochmus Glaparedii the nerve

trunks are said to end in an enlargement. In the cephalic region
there are two strongly ciliated depressions known as the cephalic

slits, beneath which special lateral organs, supplied with nerves from

the brain or it may be posterior lobes of the brain itself, are placed.

These structures are probably sense organs. The cephalic slits were

formerly erroneously taken for the openings of respiratory organs.

Eyes are widely distributed, and usually consist of simple pigment

spots which rarely contain refractive bodies. Exceptionally, as

in Oerstedtia pallida, two otolithic vesicles are found on the

brain.

The Nemertines, unlike all other PlatyJielminthes, possess a blood-

vascular system. This consists of two sinuous lateral vessels in

which the blood flows from before backwards, and a straight dorsal

vessel in which the blood flows in the reverse direction. This latter

is connected with the ventral vessel at the posterior end of the body
and in the region of the brain by wide loops, and in the rest of its

course by numerous narrower transverse anastomoses. These vessels

lie in the body cavity and have contractile walls. The blood is

usually colourless, but in some species it is red. In Amphiporus

splendens, Borlasia splendida, the red colour (haemoglobin) is con-

tained in the oval disc-shaped blood corpuscles.

The Nemertines are, with some feAv exceptions (Borlasia herma-

phroditica\ dioecious. The two kinds of generative organs have the

same structure, and are sacs filled with ova or spermatozoa lying in

the lateral portions of the body between the pouches of the intestine,

and opening to the exterior by paired openings in the body wall.

The ova, when laid, frequently remain connected by a gelatinous

substance, and are deposited in irregular masses or in strings, from

the middle of which the animal creeps out, like the leech out of its
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cocoon. Some forms, as Prosorockmus Claparedii and Tetrastemma

obscurum, are viviparous.

Some of the Anopla develop with a metamorphosis. The larva is

ciliated and

may pass
through a

free - swimming

stage, in which

case it is known

as the Pili-

dium, or it

may be without

such a stage

(Type ofDesor).

In both cases

the perfect
worm is deve-

loped within

the skin of the

ciliated larva.

FIG. 277. Pilidium (after E. Metschnikoff). a, free swimming larva

with invaginated cavity ; b, later stage, helmet-shaped ; E, E 1 the

two pairs of ectodermal invaginations ; Z>, alimentary canal.

R

Am D

The Pilidium larva is helmet-shaped, and was formerly described as

the species of a supposed independent genus, Pilidium, and presents

many analogies to the

Echinoderm larva. In the

case of the Pilidium, the

segmentation is regular,

and results in the formation

of a spherical ciliated em-

bryo, which is hatched and

becomes a free-swimming

larva; the archenteron is

then formed by imagina-
tion

;
and at the side of the

embryo, opposite the blasto-

poi'e, a long flagellum is

developed (fig. 277, ).
On

each side of the mouth a

broad lobe grows out, the

ed^es of which are fringedo

with cilia (fig. 277, b).

Two pairs of invaginations of the ectoderm now make their appear-

Oe

FIG. 278. Later stage of Pilidium, with tuft of cilia

and enclosed Nemertine (after Biitschli) ; Oe,

oesophagus; D, alimentary canal
; Am, amnion;

-R, rudimentary proboscis of the Nemertine; So,
lateral pit.
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ance, forming the first rudiment of the Nernertine body. The four

discs so formed fuse together and give rise to a ventral germinal

plate, which gradually grows round the alimentary canal of the

Pilidium to form the skin of the future Nemertine. The proboscis

arises as an invagination of the anterior end of the germinal plate

(fig. 278). The young Nernertine subsequently breaks through

the larval skin.

The Nemertines live principally in the sea, under stones in the

mud, but the smaller species swim about freely. There are also

forms which live on the land, as well as pelagic forms. Certain

species form tubes and passages, which are lined with a slimy secre-

tion. The food of the larger species principally consists of tubicolous

worms, which they extract from their habitations by means of the

proboscis. There are, however, parasitic Kemertines which infest

Crustacea or live on the mantle and gills of Mollusca. In this case

they are, like the Hirudinea, furnished with a posterior sucker

(Malacobdella). The ISTemertines are distinguished by their repro-

ductive capacity and by their tenacity of life. Mutilated parts are

quickly regenerated, and the parts into which certain species readily

break are said to have the capacity, under favourable conditions, of

developing into new animals.

1. Sub-order : Enopla. The proboscis is armed with stylets.

The short, often funnel-shaped cephalic slits are connected with

lateral organs, which correspond to the posterior cerebral lobes of

the Anopla. In the brain the upper lobes are slightly elongated

posteriorly leaving the ventral lobes, from which the lateral nerves

arise, quite free. Development takes place without metamorphosis.

Fam. Amphiporidse. The ganglia are more rounded, the lateral nerve

trunks are placed inside the dermal muscles. The mouth is on the ventral

surface near the anterior end of the body, in front of. the commissures between

the ganglia. The lateral organs are separated from the brain and connected

with it by fibres ; they contain a narrow water canal. AmpUiponts lactifloreus

Johnst. Lives under stones, and is distributed from the North Seas to the

Mediterranean, 3 4 in. long. A. spectabilis Quatr. Borlasht sj>lcJuUtla Kef.,

Mediterranean, and Adriatic. Tetrastemma olscvrum M. Sch. Viviparous :

Baltic. T.arjrlcola Will. Suhm., terrestrial. Nemertes yraciUx Johnst.

2. Sub-order : Anopla. The proboscis is unarmed. The long

cephalic slits occupy the whole side, or the anterior part of the? head,

and lead into the lateral organs, which are direct processes of the

upper lobes of the brain. Development frequently by means of

ciliated larvze.
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Fam. Lineidse. Ganglion elongated. The head has deep slits on either side.

Lineus marinus Mont., L. Icngissimus Sim. (sea long-worm, Borlasia anglica

Oerst., Nemertes Uorlasii Cuv.), grows to a length of 15 feet and more.

English coast. Ctircbratulus marg hiatus = MccJtelia somatotomus F.S. Lkt.,

Adriatic and Mediterranean. Micrura fasciolata Ehrbg., North Seas to the

Adriatic.

Fam. Cephalotrichidae. Cephalic slits and lateral organs are wanting. Head

not distinct, very long and pointed. Ceplialotlirix bioculata Oerst. Sund.

MalacoldcUa grossa 0. Fr. Mull. Body broad and flat, with posterior sucker.

Is parasitic in the mantle cavity of various Mollusca, as Mya, Cyprina, etc.

CLASS II. NEMATHELMINTHES.

Round worms with tubular or filiform bodies. The cuticle is fre-

quently ringed. The anterior pole is either armed with hooks or

provided with papillce. The sexes are separate.

The unseginented body is rounded, more or less elongated, tubular

or filiform, and both ends are, as a rule, tapered off. Appendages

are always wanting, as are, with few exceptions, movable bristles.

On the other hand, special organs for attack and attachment, such

as teeth and hooks, are not unfrequently present on the anterior

end of the body ; and in some cases small suckers, which serve for

attachment during copulation, may be developed on the ventral

surface. As a rule, the integument possesses a cuticular layer of

relatively considerable thickness, and a well developed muscular

layer, which permits not only of the body being knotted, curved, and

bent, but, in the thin filiform Nematoda, of undulatory movements.

The body cavity is enclosed by the muscular body wall, and con-

tains the blood fluid and the digestive and generative' organs.

Blood vessels and respiratory organs are wanting. A nervous

system is, however, always present. Of sense organs simple eyes

are not unfrequently present in the free living forms. The sense

of touch is probably distributed all over the surface of the

body, particularly on the anterior end, especially when papilla;

and lip-like prominences or bristles are found on it. While in the

Acantlioce.pluda mouth and alimentary canal are completely absent,

the Nematoda possess a mouth placed at the anterior pole of the

body, an oesophagus, and an elongated straight digestive canal, which

usually opens by the anus on the ventral surface near the pos-

terior ,end of the body. The excretory organs have various forms,

and always differ considerably from those of the Platodes. In the

Nematoda they consist of paired canals, which open by a common

pore and lie in the so-called lateral lines. In the Acanthoce-
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phala they are branching subcutaneous canals. With a few excep-

tions the Nemathelminthes have separated sexes, and develop

directly without metamorphosis. The larvae and sexual animals are

not unfrequently distributed in two different hosts.

The majority of the Nemathelminthes

are parasites either during the whole period

of their life or at different stages. There

are, however, also free living forms which

often show the closest relationship to the

parasitic members of the group.

Order 1. NEMATODA (THREAD-WORMS).*

Nemathelminthes, with mouth and all

mentary canal. They are principally

parasites.

The Nernatodes possess an extremely

elongated thread-like body, which may be

provided with papillae at the anterior pole

in the region of the mouth, or with hooks

and spines within the oral cavity. The

mouth leads into a narrow oesophagus,

which usually has thick muscular walls, a

chitinous lining, and a triangular lumen,

and is frequently dilated behind to a

muscular bulb (pharynx). In certain

genera (Bhabditis, Oxyuris], the chitinous

lining of the pharynx is raised into ridges

or tooth-like prominences, to which the

* Besides the older writings of Rudolphi,
Bremser, Cloqnet, Dujardin, compare Diesing,
"
Systema helminthum," 2 Bde Wien, 1860-51.

Dicsing,
" Revision der Nematoden," Wiener

Sitzungsber-ichtc, 1860. Claparede, "Dc la for-

mation et de la fecondation des ceufs cbez les

vers Nematodes," Geneve, 1856. A. Schneider,
"
Monographic der Nematoden," Berlin. liSCii'..

11. Leuckart,
"
Untersuchungen iiber Trichina

spiralis," Leipzig and Heidelberg, 1866. 2nd
edition

;
also " Die mcnschlichen Parasiten," etc.,

Tom. II., Leipzig and Heidelberg, 1876. C. Clans,
" Ueber Leptodcra appendiculata," Mnrlnny,
1868. O. Blitschli,

'

Untersuchungen iiber die

beidcn Nematoden der Periplaneta orientalis,"
Zeitztchr. fiir K'/.v-v. Zool., Tom. XXL, 1871. And '

Beitrage znr Kenntniss
des Nervcnsystems der Nematoden." Archie, fur MiJir Anatomic, Tom X.

FlQ. 279. Oryitri? termicularit

(after R. Leuckart). , female;

0, mouth ; A, anus ; V, genital

opening ; b, male with curved

posterior end ; c, the latter

enlarged; Sf, spiculum; d,

egg with enclosed embryo.



NEMATODA.. 345

radial muscles converge in the form of conical bundles. Accord-

ing to its function, the oesophagus is essentially a suctorial tube,
which pumps in fluids, and by peristaltic action passes them on to

the intestine. The intestine follows the pharynx, and opens by the

anus not far from the hind end of the body on the ventral surface

(fig. 279). Its walls are formed 'of cells and are non-muscular,

except behind, where they have a special investment of muscular

fibres which render the terminal portion contractile. Muscular
fibres passing from the body wall to the wall of the rectum are also

frequently present. In certain Nematodes the anus may be want-

ing (Mermis) ;
and in Gordius even the alimentary

canal undergoes degeneration.

Beneath the stiff cuticle, which is often trans-

versely ringed, and is composed of several layers,

lies a soft granular nucleated sub-cuticular layer

(hypodermis), which is to be regarded as the matrix

of the former. Beneath this lies the highly deve-

loped muscular layer, in which band-shaped or fusi-

form longitudinal muscles predominate. The surface

of the body may present markings, as for instance

polyhedric spaces and longitudinal ribs, also pro-

cesses in the form of tubercles, spines,* and hairs.

Ecdyses, i.e., shedding the cuticular layer, seem

only to occur in the young forms. The muscles

are each composed of a single cell, in which two

parts are distinguishable, a clear, sometimes a

granular protoplasmic portion (medullary sub-

stance), which projects into the body cavity and

is often prolonged into processes ;
and an external

fibrillated layer (fig. 280). The Nematodes may
be distinguished as Meromyaria or Polymyaria,

according to the arrangement of their muscular system. In the

Meromyaria the number of muscle cells (which are arranged

according to definite laws) in the cross section is small (eight),

while in the Polymyaria their number is considerable. In the latter

the muscle cells are often connected together by transverse processes

of the medullary substance, which unite on the so-called median

lines to form a longitudinal cord.

* There may also be prominences of various kind--, and even in some cases a

complete covering of spines (Cheiracantkus Dks = Gnatluixtoma 0\v., Ch.

Fedsch.)

FIG. 2so. Huscle-

cell of a.Nematode.
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In almost every case, with the exception of Gordius, two lateral

regions remain free from muscle and form the so-called lateral lines

or regions, which may equal in breadth the neighbouring muscular

regions. These lateral regions are formed of a finely granular

nucleated substance, and enclose a clear vessel containing granules.

This vessel is connected with that of the opposite side in the anterior

part of the body, and the two open by a common transverse slit, the

vascular pore, on the ventral surface in the median line. The

lateral lines have the value, both as regards position and structure,

of excretory organs. Median lines (dorsal and ventral), accessory

median lines (sub-median lines), the latter being placed between

the principal median line and the lateral line, are also to be dis-

tinguished. The so-called ventral cord of Gordius, which may be

compared to the median line and has perhaps the significance of an

elastic rod, is very large. Cutaneous glands, in the form of unicel-

lular glands, have been observed principally in the region of the

oesophagus and in the tail.

The nervous system, owing to the difficulty which its investigation

offers, has only been satisfactorily recognised in a few forms. It con-

sists of a nerve ring surrounding the oesophagus, and sending off

posteriorly two and anteriorly six nerve trunks (Ascaris mcyalo-

cephaki). The posterior trunks run in the dorsal and ventral lines

(N. dorsalis, ventralis), to the extremity of the tail
;
while of the

six anterior nerves, two run in the lateral lines (N. laterales), four

in the interspaces between the lateral and median lines (N. siib-

mediani), and supply the papilla? around the mouth. The ganglion

cells lie partly near, in front of and behind the nerve ring, partly

on the fibrous cords themselves, and are arranged in groups which

can be distinguished as ventral, dorsal, and lateral ganglia. There

are in addition groups of ganglion cells in the median lines and in

the lateral lines in the caudal region.
'

As sense organs we must mention the eyes found in the free-

living Nematoda, and the papillae and tactile hairs found principally

in the neighbourhood of the mouth. Each papilla is supplied by
one nerve fibre, which is swollen to a knob and forms the axis of

the papilla.

[The Nemato'la possess a body cavity, but are without any trace of a vas-

cular system.]

Generative organs. The Kematodes are dioecious (with ex-

ception of the hermaphodrite Pelodyles, and of the Rhdbdonema
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(Ascaris) niyrovenosum, which produces first spermatozoa and later

ova). The males are characterised by their smaller size, and by the

posterior end of the body being generally curved. Both kinds of

generative organs consist of single or paired and often much coiled

tubes, at the upper end of which the generative products are de-

veloped, the lower ends representing the efferent ducts and recep-

tacula of the generative products. The usually paired ovarian tubes,

at the upper ends of which the ova arise, terminate in a short

vagina, which opens on the ventral surface, rarely near the posterior

end of the body. The male generative apparatus, which contains

hat-shaped spermatozoa, is almost invariably represented by an

unpaired tube, and usually opens on the ventral surface near the

posterior end of the body in a common opening with the intestine.

As a rule, the common cloacal portion contains two pointed chitinous

rods, the so-called spicula, in a pouch-like invagination. These

spicula can be protruded and retracted by a special muscular ap-

paratus, and serve to fasten the male body to the female during

copulation. In many cases (Strongylidai) an umbrella-like bursa is

added, or the terminal portion of the cloaca can be protruded like

a penis (Trichina") ; in this case the cloacal aperture lies almost at

the extreme end but is still ventral (Acrophall'i). In the male

papillae are almost always present in the region of the posterior end

of the body, and their number and arrangement afford important

specific characters.

Development. The Nematoda for the most part lays eggs ;
it is

only in rare cases that they bear living young. The eggs usually

possess a hard shell and may be laid at different stages of the

embryonic development or before it has begun. In the viviparous

Nematodes the eggs lose their delicate membranes in the uterus of

the mother (Trichina, Filaria}. Fertilization takes place by the

entry of a spermatozoon into the ovum, which is still without a mem-

brane. The segmentation is equal, and leads to the formation of

a kind of invaginate gastrula. From the two cell layers are de-

veloped the body wall and the alimentary canal. The embryo

gradually assumes an elongated cylindrical form, and comes to lie

rolled up in several coils within the shell. The excretory pore and

the rudiments of generative organs, as well as a nerve ring, are

present in the embryo, which is also provided with mouth and

anus. The free development is a metamorphosis, usually com-

plicated by the circumstance that it is not undergone in the habitat

of the mother. The young stages or larva), probably of most Nema-
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todes, have a different habitat to that of the sexual animal; the

young and the adult Nematode being contained in different organs

of the same or even of different animals. The larva live for

the most part in parenchymatous organs, either free or encysted

in a connective tissue capsule ;
the adults, on the contrary, live

principally in the alimentary canal.

The embryo is almost invariably characterised by the special form

of the oral and caudal extremities, but sometimes also by the posses-

sion of a boring tooth, or of a circle of spines (Gordius). Sooner

or later the skin is shed, and the animal enters its second stage,

which may often still be considered as a larval stage; repeated

ecclyses precede the sexually adult stage.

The post-embryonic development of the Nematodes presents

numerous modifications. In the simplest cases the embryo, while

still enveloped in the egg mem-

branes, is transported passively

in the food (Oxyuris vermicularis

and Trichocephalus). In many
A scaridee to judge by the species

parasitic in the Cat the em-

bryos, which are provided with

a boring tooth, first make their

way into an intermediate host,

by which they are transported

into the intestine of the second

host with the food or water.

More frequently the young forms encyst within the intermediate

host, and, enclosed in the cyst, are transferred into the stomach and

intestine of the permanent host (fig. 281). For example, the embryos

of Spiroptera obtusa of the Mouse, while still in the egg membranes,

are taken with the food by the Meal-worm, in the body cavity of

which they encyst. In the viviparous Trichina spiralis there is a

modification of this mode of development inasmuch as the migration

of the embryos and their development to the encysted form found

in the muscles (muscle-trichina) take place in the same animal

which contains the sexually mature intestinal Trichinae.

The development of the Nematode larva often makes a considerable

advance within the intermediate host into which they have migrated.

Thus, for instance, in Cucullanus eleyans, the embryos migrate into

the Cyclops, and in the body cavity of these small Crustacea undergo

two ecclyses and essential alterations of form, obtaining at this early

Fis. 2S1. Sclwosfomum tetracantkum, en-

cysted (after R. Leuckart).
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stage the characteristic oral capsule of the sexually adult stage, to

which they only develop in the intestine of the Perch. According

to Fedschenko,* a similar mode of development occurs in Filaria

medinensis. The embryos pass Unto puddles of water, and migrate

thence into the body cavity of the Cydopidce ;
and after casting their

skin assume a form which, except for the absence of the oral capsule,

resembles that of the larva of Cucullanus. After the expiration of

two weeks there is another ecdysis, with which is connected the loss-

of the long tail. The later history is unknown. It has not yet

PIG. W&.a, Ehabdonema (Atcarit) n'tfrnvnosum of about 3'5 mm. in length in the stage of

maturity of the male products ; (?, genital glands ; 0, mouth ; D, intestine ; A, amis
; N,

nerve-ring ; Drz, glandular cells; Z, isolated spermatozoa. It, Male and female Kkul,.:,/:-

forms from about 1'5 mm. to 2 mm. long ; Ov, ovary ; T, testis ; V, female genital opening ;

Sp, spicula.

been discovered whether the migration of the Filarian larva into

the permanent host (Man, see p. 356) takes place with the body of

the Cyclops, or independently after copulating in the free state.

The embryos of some Nematoda develop in damp muddy earth, after

casting their skin, to small so-called Rhdlxlifix forms witli a double

*
Compare Fedschenko,

'' Ueber den Ban und Entwickluns der Filaria

medinensis," in the Iferichtm der Freimde der Natwwissenscliaften In

Tom VIII. and X.
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enlargement of the oesophagus and with a pharynx armed with three

teeth. They lead an independent life in this habitat, and finally

migrate to lead a parasitic life within the permanent host, where,

after several ecdyses and alterations of form, they attain the sexually

mature condition. This mode of development occurs in Dochmius

irigonocephalus from the intestine of the dog, and very probably in

the nearly allied D. (Ancylostomuni) duodenalis of man, and also in

Sclerostomum.

The offspring of parasitic Nematodes may, however, attain sexual

maturity in damp earth, as free RJiabditis forms, and represent a

special generation of forms whose offspring again migrate and become

parasites. Such a life history is a case of heterogamy. It. occurs

in Rhabdonema nigrovenosum, a parasite in the lungs of Batrachians.

These parasites, which are about half to three-quarters of an inch

long, all have the structure of females, but contain spermatozoa,

which are produced (as in the viviparous Pelodytes) in the ovarian

tubes, but earlier than the ova. They are viviparous. The embryos

make their way into the intestine of their host, and accumulate in

the rectum, but finally pass to the exterior in the feces, and so

reach the damp earth or muddy water, where they develop in a short

time into the Rkabditis-like forms, which have separate sexes and

are barely 1 mm. in length (fig. 282, a and &). The impregnated

females of the latter produce only from two to four embryos, which

become free inside the body of the mother, pass into her body cavity,

and there feed on her organs, which disintegrate to form a granular

detritus. They finally migrate as slender, already tolerably large

Nematodes into the lungs of the Batrachia, passing through the

buccal cavity and glottis. The Leptodera appendiculata, which lives

in the slug Arion empiricorum, also presents in its development a

like alternation of heteromorphic generations, which, however, are

not strictly alternating, inasmuch as numerous generations of the

RJiabditis form may succeed one another.

The Leptodera are peculiar in that the form parasitic in the

snail is a larva characterised by the absence of a mouth, and by
the possession of two long band-shaped caudal appendages ;

it

quickly attains maturity, but only after a migration into damp earth

and after losing the caudal appendages and casting the skin.

The Nematoda feed on organic juices, some of them also on blood,

and are enabled by their armed mouth to inflict wounds and to gnaw
tissues. They move by bending their body with a rapid undulatory

movement towards the ventral and dorsal surfaces, which thus seem
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to be the lateral surfaces of the moving animal. Most Nematoda

are parasitic, but lead an independent life in certain stages of their

life history. Numerous small Nematoda, however, are never parasitic,

but live freely in fresh and salt water and in the earth. Some

Nematodes are parasitic in plants, for example, Anguilhila tritici,

dipsad, etc.; some live in decaying vegetable matter, e.g., the

vinegar worm in fermenting vinegar and paste. Nevertheless very

similar forms occur in the contents of the intestine and in the fceces

of different animals and of man (A. intestinalis, stercoralis). The

power possessed by small Nematoda of resisting the effects of pro-

longed desiccation and of corning to life again on being moistened

is very remarkable.

Earn. Ascaridse. Body tolerably stout. With three lips furnished with

papilla:. One of these lips is.directed towards the dorsal surface, while the two

others meet together in the ventral line. The posterior end of the male is

ventrally curved, and usually furnished with two horny spicula.

FIG. 283. Ancarie Iv-mbricoides (after R. Leuckart). a, Posterior end of a male with the two

spicula (Sp). b, Anterior end from the dorsal side, with the dorsal lip furnished with

two papilla;, c, The same from the ventral side with the two lateral ventral lips and the

excretory pore (P). d, Egg with the external membrane formed of small clear spherules.

Ascaris L. Polymyarian, with three strongly developed lips, the edges of

which are in the larger species provided with teeth. The pharynx is not sepa-

rated as a distinct bulb. The caudal extremity is usually short and conical,

and in the male sex invariably provided with two spicula (fig. 283, a). A.

lumlricoides Cloquet, the human round worm, a smaller variety in the pig

(_A. suilla Duj.) The eggs pass into water or damp earth and remain there

some months, until the embryonic development is completed ; they are probably

carried into the alimentary canal of their later host by means of an inter-

mediate host. A. mcgalocepliala Cloquet (horse and ox) ;
A. inystax Zed.

(cat and dog), sometimes parasitic in man.

Oxyuris Eud. Meromyarian ; usually with three lips, which bear small

papillae. The posterior end of the oesophagus is enlarged to a spherical bulb

provided with a masticatory apparatus. The posterior end of the body of the

female is thin and pointed, while that of the male has only two praeanal and few

postanal papilla;, and a single spiculum (fig. 279). vermicularis L., in the

large intestine of man, distributed in all countries. The female is about ten

mm. long. 0. curvula Hud., in the crecum of the Horse.



352 XEilATHELMINTlIES.

Fam. Strongylidse. The male genital opening is placed at the hinder end of

the body, at the bottom of an umbrella- or bell-shaped bursa, the margin of

which is furnished with a varying number of papillae.

Eustrongylus Dies. With six projecting oral papillae, and a row of papillae

on either lateral line. The bursa is bell-shaped and completely closed, with

regular muscular walls and numerous marginal papillte. There is only one

spiculum. The female genital opening is far forward. The larvae live encysted

in fishes. {Filaria cystica from SymbrancTms). E. gigas Kud., the body of

the female is three feet in length, and only twelve mm. thick. It lives singly

in the pelvis of the kidney of the Seal and Otter, and very rarely in Man.

Strongylvs Rud. With six oral papillae and small mouth. Two conical

cervical papillae upon the lateral lines. The pos-

terior end of the male has an umbrella-like incom-

pletely closed bursa. Two equal spicula, usually

with unpaired supporting organ. The female sexual

opening is sometimes approached to the posterior

end of the body. They live for the most part in the

lungs and bronchial tubes. St. longevaginatus Dies.

Body 26 mm. long, 5 to 7 mm. thick. The female

sexual opening lies directly in front of the anus,

and leads into a simple ovarian tube. Only once

found in the lung of a six-year old boy, in Klausen-

burg. St.paradoxus Mehlis, in the bronchial tubes

of the pig. St.Jilaria Rud., in the bronchial tubes

of the sheep. St. commutatus Dies., in the trachea

and bronchial tubes of the hare and rabbit. St.

auricularis Rud., in the small intestine of Batraclda.

Dochmius Duj. With wide mouth and horny oral

capsule, the edge of which is strongly toothed. Two

ventrally placed teeth project at the bottom of the

oral capsule, while on the dorsal wall a conical spine

projects obliquely forwards. D. duodcnalis Dub.

(Ancylostomun duodenalc Dub.), 10 to 18 mm. long,

in the small intestine of Man, discovered in Italy ;

very widely distributed in the countries of the Nile

(Bilharz and Griesinger). By aid of its strongly
armed mouth it wounds the intestinal mucous mem-

brane, and sucks the blood from the vessels. The

frequent hEemorrhages occasioned by these Doclimia

are the cause of the illness known by the name of

Egyptian chlorosis (fig. 284). It has lately been

established that this worm occurs in Brazil, and

that, like D. trigonocepluilus, it develops in puddles
of water (Wucherer). D. tri/jonoccplialus Rud., in the Dog. Sclcrostumuni Rud.

With characters of Dochmius, but with a different oral capsule, into which two

lung glanular sacs open. So. equinum Duj. = annatum Dies. In the intestine and

the mesenteric arteries of the horse. Bellinger* has shown that the phenomena
of colic in the horse may be referred to embolic processes proceeding from

aneurism of the intestinal artery. Each aneurism contains about nine worms

*
Bollingcr,

" Die Kolik tier Pferdc und das Wurmaneurysma der Einge-
weidearterien,' Miinchen, 1870.

Fio. 284. Dochmius ilu nltnulis

(after R. Leuckart). a, male;
O, mouth

; Ji, bursa. b,

Female ; 0, mouth; A, anus;

V, vulva.
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Sc. tetraranthitm Mehlis, also in the intestine of the horse. The embryos, after

migrating into the intestine, become encysted in the walls of the rectum and

caecum, assume within the cyst their definite form, break out from the cyst,

and escape again into the intestine. Gucullanns elegant Zed., in the Perch.

Fam. Trichotrachelidae. with iong neck-like thin anterior portion of the

body. Mouth small, without papillae. (Esophagus very long, traversing a

peculiar cord of cells.

Triclioceplialus Goeze. Anterior part (fig. 285) of the body elongated and

whip shaped : posterior part cylindrical and sharply distinct, enclosing the

generative organs, in the male it is coiled up. Lateral lines absent. Main

median lines present. The penis is slender and furnished with a sheath, which

is turned inside outwhen the former is protruded. The hard -shelled, lemon-shaped

eggs undergo the first part of their development in water. Tr. dispar Hud. In

the human colon : these worms do not live free in the intestine, but bury their

filiform anterior extremity in

the mucous membrane (fig. \ C

285). The eggs pass out of the

host with the feces, as yet

without a sign of beginning

development, which only takes

place after a prolonged sojourn

in the water or in a damp
place. According to the ex-

periments of Leuckart per-

formed with Tr. affinis of the

sheep and Tr. crcnatus of the

pig, embryos with the egg

membranes, if introduced into

the intestine, develop into the

adult Tricoceplialus ; and we

may therefore conclude that

the human Tr. dispar is intro-

duced directly, and without an

intermediate host either in the

drinking water or in uncleaned

food. The young Tr. dispar
is at first hair-like, and re-

sembles a Trichina, and only

gradually acquires the considerable thickness of the hind end of the body.
Trichosomum Rud. Body thin, hair-like, but the posterior end of the body

in the female is swollen. Lateral lines and the principal median lines arc

present. The male caudal extremity has a cutaneous fold and a simple penis

(spiculum) and sheath. Tr. muris Creplin., in the large intestine of the

house-mouse. Tr. crassicauda Bellingh., in the bladder of the rat. According
to Leuckart, the dwarfed male lives in the icterus of the female. There are

usually two or three, more rarely four or five males in a single female. There

is also a second species of Trichosomum found in the bladder of the rat.

Tr. Schmidt it v. Linst, the larger male of which was formerly taken for that of

Tr. crassicauda.

Trichina Owen.* Body thin, hair-like. Principal median lines and lateral

*
Compare the writings of R. Leuckart. Zenker. R. Virchow, Pagenstecher, etc.

23

FIG. 285.Trichoce}ihalue disjiar (after R. Leuckart).

a, Egg ; b, female ; c, male with the anterior part of

the body buried in the mucous membrane
; Sp,

spiculum.
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lines arc present. The female generative opening well forward. The posterior

end of the body of the male has two terminal cones between which the cloaca is

FIG. 28G.--Tr!china epiralis. a, Mature female Trichina from the alimentary canal ;
Gt

genital opening ; JS, embryos ; Oo, ovary. 6, Male
; T, testis. e, Embryo, d, Embryo

which has migrated into a muscle fibre, already considerably enlarged, e, The same

developed into a coiled Muscle Trichina, and encysted.
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projected. Tr. sjgiralin Owen, in the alimentary canal of Man and numerous,

principally carnivorous, Mammalia ; hardly two lines in length. The viviparous
females begin to bring forth embryos about eight days after their migration
into the alimentary canal. These embryos traverse the intestinal walls and

body cavity of the host, and migrate, partly by their own movements in the

bundles of connective tissue, partly with the aid of the currents of blood into

the striped muscles of the body. They pierce the sarcoleinma and penetrate
into the primitive bundles, the substance of which degenerates, the degeneration

being accompanied by an active

multiplication of the nuclei. In

a space of fourteen days they

develop, within a sac-like swelling
of the muscle fibres, into spirally

coiled worms, around which and
within the sarcolemma and its

connective tissue investment a

clear lemon-shaped capsule is

excreted from the degenerated
muscle substance. The young
Muscle-Trichina can remain liv-

ing for years within this capsule,

which at first very delicate, gra-

dually becomes thickened and

hard by the formation of other

layers and by the gradual deposi-

tion of calcareous matter. If the

encysted animal is transferred

into the intestine of some warm-
blooded animal in the flesh of its

first host, it is freed from its cyst

by the action of the gastric juice,

and the rudimentary generative

organs, which are already toler-

ably far developed, quickly attain

maturity. In from three to four

days after their introduction the

asexual Muscle-Trichinas become
sexual Trichinas. These copulate
and produce a brood of embryos
which migrate into the tissues of

the host (one female may produce FIG. 287. Filaria medinensin (after Bastian and

as many as 1000 embryos) (fig.
Leuckart). a, Anterior end seen from the oral eur-

,o/>\ m-u T_ j. vi face; O, mouth; P, papilla, b, Pregnant female
2o6). Th 3 house rat is especially (gii ; ;educed mo

'

re

P '

than half) . \ Embryos
to be mentioned as the natural strongly magnified,
host of the Trichina. This

animal does not hesitate to eat the carcase of its own species, and so the

Trichina infection is passed on from generation to generation. Carcases in-

fected with Trichinas are sometimes eaten by the omnivorous pig, in whus<;

flesh the encysted Trichinas are introduced into the intestine of man, and

occasion the well-known disease, Trichinosis, which when the migration takes

place in number, often has a fatal result.

Fam. Filariidae. Body filiform, elongated, often with six oral papilla^ some-
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times with a horny oral capsule, with four prseanal pairs of papilla, to which
an unpaired papilla may be added, with two unequal spicula or with simple

spiculum.
Filaria 0. Fr. Miill. With small mouth and narrow oesophagus. This

species, which is sometimes destitute of papillae, lives outside the viscera,

usually in connective tissue, frequently beneath the skin (divided by Diesing
into numerous genera). F. (Dracunculus') mcdinensis* Gmel. the Guinea

worm, in the subcutaneous cellular tissue of Man in the Tropics of the Old

World, reaches a length of two feet or more. The head is provided with two
small and two larger papilla. The female is viviparous, and without sexual

opening. The male form is unknown. The worm lives in the connective

tissue between the muscles and beneath the skin, and after reaching sexual

maturity, occasions the formation of an abscess, with the contents of which
the embryos escape to the exterior (fig. 287). It has lately been proved

(Fedschenko) that the embryos of Filaria migrate into a Cyclops and there

undergo an ecdysis. Whether they are then (in the body of the Cyclops)
introduced into man in his drinking water, or whether they first escape and

copulate in a free state, is not known. F. im-mitis lives in the right ventricle

of the dog, and is very abundant in East Asia. It is viviparous. The

embryos pass directly into the blood, where, however, they do not undergo their

further development. Similar young Haematozoa are also found in the blood

of man in the Tropics of the New and Old Worlds (F. sanguinis hominis,

F. Uancrnfti). Since these animals are also found in the urine, their appear-
ance seems to have an agtiological connection with haematuria. In the East

Indies, young Filaria also live in the blood of the street dog, and would seem

to be related to the brood of Filaria sanrjuinolenta, since, according to Lewis,

knotty swellings on the aorta and oesophagus are invariably found with these

Filaria. F. papillosa Rud. in the peritoneum of the horse. F. loa Guyot., in

the conjunctive of negroes on the Congo. F. labialis Pane. Only once observed

at Naples. An immature Filaria described as Filaria lent is (octili humani)
has been found in the human capsula lentis.

Fam. Mermithidae. Aproctous Nematodes, with very long filiform body, and

six oral papilla;. The male caudal region is broad, and is provided with two

spicula and three rows of numerous papilla;. They live in the body cavity of

insects, and escape into the damp earth, where they attain sexual maturity
and copulate. Mt-rmis nir/?rset'ns Duj., was the occasion of the fable of the

worm rain. M. allicans v. Sieb. v. Siebold established by experiment the

migration of the embryos into the caterpillars of Tinea cvonymclla. Sphcendarta,
bombi Leon Duf.

Fam. Gordiidae. Body elongated and filiform. Without oral papilla; and lateral

lines, with a ventral cord. The mouth and anterior region of the alimentary
canal is obliterated in the adult state. The testes and ovaries are paired and

open to the exterior with the anus near the hind end of the body. Uterus

unpaired, with receptaculum seminis. The male caudal region is forked, and is

destitute of spicula. In the young stage they live in the body cavity of predatory

insects, and are provided with a mouth. At the pairing time they pass into the

water, where they become sexually mature. The embryos, which are provided
with a circle of spines, bore through the egg-membranes and migrate into

Insect larvae (Chironomiu-larvee, Ephemeridai), and there encyst. Water

*
Compare H. C. Bastian, "On the Structure and Nature of the Dracunculus,"

Trans. Linn. Society, vol. xxiv., 1803. Fedschenko I. c.
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beetles and other aquatic predatory insects eat with the flesh of the Ephemeral
larvce the encysted young forms, which then develop in the body cavity of

their new and larger host to young Gordiidce. Gordius aquations Duj.
Faui. Anguillulidse.* Free living Nematodes of small size. Caudal

glands are sometimes present. The lateral canals are often replaced by the

so-called ventral glands. Some species either live on or are parasitic in plants ;

others live in fermenting or decaying matter. The greater number, however,
live free in earth or water. Tylcnchiis Bast. Buccal cavity small, and con-

taining a small spine. The female genital opening lies far back. T. scandens

Schn. = triticl Needham, in mildewed wheat grains. When the grains of wheat

fall the dried embryos grow in the damp earth, bore through the softened

membranes, and make their way on to the growing wheat plant. Here they
remain some time, perhaps a whole winter without alteration, until the ears

begin to be formed. They then pass into the latter, grow, and become

sexually mature, while the ear is ripening. They copulate and deposit their

eggs, from which the embryos creep out, and at length constitute the sole con-

tents of the wheat grains. T. dipsaci Kuhn, in heads of thistles (Cardius)

T. Davainii Bast, on roots of moss and grass. Heterodera ScJtachtii Schmidt.,

roots of the beet-root, also of the cabbage, of wheat, barley, etc. Rhabditi.?

Duj., divided by Schneider into Lcptodcra Duj. and Pclodera Schn. Ilk.

flefills Duj., head very sharply pointed, mouth with two lips, in the salivary

glands of Limnx cinereus. Rh. angiostoma Duj. Rh. appendiculata Schn.,

in damp earth, 3 mm. long. The larva, which is without a mouth, and has two

caudal bands, is found in Arion empiricorwm: Anguillula accti = ylutints

0. Fr. Mull., known as the vinegar worm and pasteworm, 1 to 2 mm. long.

Of the many marine Angi/illvlidce (Enoplidce), we must mention Dory-
laimiis maximus Blitschli, D. stagnalis Duj., found in mud everywhere in

Europe. Enclielidmm marinum Ehrbg., Enopltis trldcntatus Duj.

The abberaut families Desmoscolccidce and Chattosomidce are allied to the

Nematoda.

THE CH^ETOGNATHA.

The Chcetognatha, f containing only the genus Sagitta, are allied

to the Nematodes. They are elongated round worms, with a pecu-

liarly armed mouth and laterally placed horizontal fins, the mem-
branous edges of which are supported by rays. The anterior

portion of the body is sharply separated off as a head, and bears in

*
Davaine,

" Recherches sur 1'Anguillule du bid nielli," Paris, 1857. Kuhn,
" Ueber das Vorkommen von Anguillulen in erkrankten Bluthenkb'pfen von

Dipsacus fullonum," Zritschr.fiir wiss Zuol., Tom IX., 1859. Bastian,
" Mono-

graph of the Anguillulidre or free Nematoids, marine, land, and fresh water,"
London, 1864. 0. Blitschli,

"
Beitrage zur Kentniss der freilebenden Nema-

toden." No i'. Acta, Tom XXXVI., 1873. Lad. Oerley, "Monographic der

Anguilluliden," Bnda-Pcst., 1880.

f Compare A. Krohn,
"
Anatomisch-physiologische Beobachtungen iiber die

Sagitta bipunctata," Hamburg. 1844. R. Wilms,
' De Sagitta mare germani-

cum circa iusulam Helgoland incolente," Berolini. 1846. Kowalevski,
" Em-

bryologische Studien an WUrmem und Arthropoden," Mem. de I'Acad.
St. Petcrsbvurff, Tom XVI. 0. Hertwig,

" Die Chsetognatha, eiue Mono-

graphie," Jenr,,' 1830.
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the region of the mouth two lateral groups of hooks which function

as jaws.

The nervous system consists, according
to Krohn, of a cerebral ganglion on

which the eyes are situated, and a ven-

tral ganglion placed in about the middle

of the body length. There are in addition

two ganglia near the mouth, which may
be considered as the subcesophageal gan-

glia, and are connected with each other

and with the cephalic ganglion by ceso-

phageal commissures.

do-

i'10. 23a.Sagitta (Spadcllti)

cephaloptira, magnified 30

times, viewed from the dorsal

side (after O. Hertwig). F,

posterior fin ; G, supra-

ossophageal ganglion ; Te, ten-

tacles; R, olfactory organs;

OP, ovary; Od, oviduct; T>

testis ; I'd, vas deferens ; Sb,

vesicula seminalis.

[The common view now is that the large

ventral ganglion of the middle of the body,
which is connected with the cerebral by com-

missures, is homologous with the subcesophageal

ganglia of other types.]

The straight alimentary canal is at-

tached to the body wall by a dorsal and

ventral mesentery from the oesophagus

backwards, and opens to the exterior at

the base of the long tail, which terminates

in a horizontal fin (fig. 288).

[The body cavity is well developed, and

divided by the dorsal and ventral mesenteries into

two parts, and again by two transverse verti-

cal septa into a cephalic section, a section in

the body, and finally a caudal section. Vas-

cular and excretory organs are absent.]

Reproduction. The Chcetoynatha are

hermaphrodite, and possess paired ovaries,

which open by two apertures at the base

of the tail and are connected with

seminal pouches. The testes also are

paired, and situated posteriorly to the

ovaries in the tail ; their products pass to

the exterior by openings at the sides of

the tail. Segmentation is complete, and

leads to the formation of a blastosphere.

One side of this becomes invaginated so

that the segmentation cavity is obliterated

and a gastrula is formed, in the entoderm
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of which two cells may already be recognised as primitive generative

cells. As soon as these make their appearance in the entoderni, the

latter becomes folded in such a way that the archenteron is divided into

a median and two lateral cavities. The layer of cells lining the lateral

cavities becomes the mesoderm, and the contained cavities the two

lateral compartments of the body cavity, while that of the middle

cavity gives rise to the wall of the mesenteron or alimentary canal.

The permanent mouth is formed at the end opposite to that at

which the blastopore, which is now closed, was situated.

There is but one genus, Sagitta Slab., of which several species, e.tj.,

Sagitta bipunctata Krohn, 8. yermanica Lkt. Pag. from the Euro-

pean seas have been more accurately described.

Order 2. ACANTHOCEPIIALA.*

Elongated round ivonns with protrusible proboscis furnisJied with

hooks; without mouth and alimentary canal.

The saccular, often transversely wrinkled body begins with

a proboscis, which is furnished with recurved hooks and can be

retracted into a tube projecting into the body

cavity (sheath of the proboscis) (fig. 289, ^ and

jRs}.
The posterior end of this sheath is fas-

tened to the body wall by a ligament, and by
retractor muscles. The nervous system (fig. 289,

G) is placed at the base of the proboscis, and

consists of a simple ganglion formed of large

cells. Nerves are given off from the ganglion

anteriorly to the proboscis, and through the

lateral retractors (retinacula) to the body wall

(fig. 289, R}. The latter supply partly the

muscular system of the body, and partly the
RJ

genital apparatus, in which there are, princi-

pally in the male animal, special nerve centres FIG. 289 Anterior part,

. . . ,. ..., of an Eclnnorhiinchus.

consisting of ganghonic enlargements. _R> Prob08Ci8 . Sti

Sense organs are entirely wanting, as also are sheath of proboscis ;

.. , <?, ganpliou ; Le, lem-

mouth, alimentary canal, and anus.
nisci . R> retinacuia.

The nutritive juices are taken in through the

whole outer surface of the body. In the soft granular subcuticular

* Besides

Menschen
ides Dujardin, Diesing, 1. c., compare : K. Leuckart,

" Parasitcn des

en," Tom II., 1876. Greeff,
" Untersuchungen Ubcr Echinorhyncbus

miliaris," Arch, fur Naturgeseh, 1864. A Schneider, Ueber den ]

Acanthocephalen," Mutter'* Arckiv., 1868. Also the SUzungslertchte der

Oberliessischen Gesellscliaft filr Natnr- und Ileilkundc, 1871.
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layer of the integument lies a complicated system of canals, filled with

a clear fluid containing granules. Beneath the internal layer of the

integument, which layer is often very extensive and of a yellow

colour, is placed the powerful muscular tunic
;

it is composed of

external transverse and internal longitudinal fibres, and bounds the

body cavity. Tiie complicated ramified system of dermal canals, of

which two principal longitu-

dinal trunks may be recog-

nised, is filled with juices,

and probably functions as a

nutritive apparatus. The

portion of this system which

extends into two bodies (the

lemnisci, fig. 289, Le) project-

ing behind the proboscis

through the muscular tunic

into the body cavity, probably

acts as an excretory organ.

since the contents of the fre-

quently anastomising canals

of these lemnisci is usually

of a brown colour, and consists

of a cellular mass rich in

concretions. According to

Schneider, the vessels of the

lemnisci open into a circular

vessel in the integument, and

only communicate with the

network of canals in the

cephalic region, while the

other dermal vessels (nutritive

apparatus), the contents of

Leuckart). which differs from that of the

B

FIG. 290. Male of Echi-

norhyncui

(after R.

K, proboscis ; Ss,
sheath of the probes- vesselsot the lemnisci, are com-
cis ; Li, ligament;

piete]y shut off from the latter.
G, ganglion ; Le, lem-

Generative organs. Theorgans.

body cavity through which

fluids circulate encloses the

greatly developed genera live

organs, which are attached

to the end of the sheath of the proboscis by a ligament (figs. 290

nisei ; T, testes ; Yd,
vasa deferentia; Pr,

prostatic sacs ; De,
cluctus ejaculatorius ;

P, penis ; B, retracted

bursa.

FIG. 2<J1. Generative

ducts of a female

Echinorhynchut gigas

(after A. Andres). Li,

ligament ; F, d i s c-

shaped flocculi; F', F",

appendages of the

same ; U, uterus ; V,

vagina ; S, lateral

pouches of the bell ;

Gil, dorsal ce'.ls at the

base of the bell; Ol,

lateral cells.
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FlO. 292. Embryo of Echin-

orhynchug g>gus enclosed in

the egg membranes (after

Leuckurt) .

and 291, Li}. The sexes are separate. The male (fig. 290) has two

testes (T), and the same number of efferent ducts (Vd). The latter

unite behind to form a ductus ejaculatorius (De), which is often fur-

nished with six or eight glandular sacs (Pr), and a conical penis (P),

at the bottom of a bell-shaped protrusible bursa (7?),
situated at the

posterior pole of the body (fig. 290). The generative organs of the

larger females (fig. 291) consist of the ovary

developed in the ligament ;
of a complicated

uterine bell, beginning with a free opening
into the body cavity ;

of the oviduct and the

short vagina, which is divided into several

portions and opens at the posterior end of

the body (fig. 291). It is only in the young

stage that the ovary is a simple body en-

closed by the membrane of the above-men-

tioned ligament. As the animal increases in

size, the ovary grows, and becomes divided

into numerous spherical masses of eggs, the

pressure of which bursts the membrane of the ligament ;
the masses

of ova as well as the ripe elliptical eggs, which gradually become free

from them, fall into the body cavity. The egg membranes are not

formed till

a. 7,
c (^ d g^ after seg-

mentation,
and ought

perhapsto be

interpreted
as embryo-
nic mem-
branes. The

eggs, which

already con-

tain em-

bryos, pass

out of the

body cavity

into the

uterine bell,

which is

continually

dilating and contracting, thence into the oviduct, and through the

genital opening to the exterior.

FIG. 293. Larvae of EcJiinorhyncJivi prof, 13 from Gamniarus (aftei

Leuckart). a, Free embryo ; ETe, embryonic nucleus, b. Older stapo,
with more differentiated embryonic nucleus, c, Young female worm ;

Ov, ovary, d, A young male worm ; T, testes ; Le, lemnisci.



362 ANNELIDA.

Development. Segmentation is irregular and complete, and results

in the formation of an embryo, which is enclosed in three egg-mem-
branes. The embryo has a small, somewhat long body, armed with

small spines at the anterior pole, and containing a central granular

mass (embryonic nucleus) (fig. 292). It passes into the intestine of Ani-

phipods (Ech. proteus, polymorpfvus), or of Isopods (Ech. angustatusj,

and there becomes free, bores through the wall of the intestine, and

after losing the embryonic spines, develops to a small elongated larva,

which, like a pupa, lies in the body cavity of the small Crustacean

with its proboscis retracted and surrounded by its firm external

skin as by a cyst (fig. 293). The skin of the larva gives rise only

to the integument, the vessels and the lenmisci of the adult
;
while

all the other organs enclosed within the dermal muscular envelope,

viz., the nervous system, the sheath of the proboscis, and the gene-

rative organs, are developed from the so-called embryonic nucleus.

It is only after their introduction into the intestine of fishes (Ech.

proteus] or of aquatic birds (Ech. polymorplius), which feed on these

Crustacea, that the larvre attain to sexual maturity, copulate, and

reach their full size.

The numerous species of the genus EcJthinrJtynrHs 0. F. Miiller live prin-

cipally in the alimentary canal of different Vertebrata
; the gut wall may be

as it were sown with these animals. Ecli. polijnwplius Brems., in the intestine

of the duck and other birds, aho in the crayfish. Ech. protcus Wcstrumb.,
Ecli. anyustatus Rud., in fresh-water fish. Eoli. gigus Goeze, as large as an

Ascaris li/wlricoldes, in the small intestine of the pig. According to

A. Schneider, the embryo completes its development in the maggot.
Lambl found a small sexually immature Echinorhynchus in the small intestine

of a child which died of leukrcmia.

CLASS III. ANNELIDA.

Segmented Vermes with brain, circum-ozsophagcal ring, ventral nerve

cord, and vascular system.

The larva of Loven and its development seems to throw light

upon the organization of the Annelida and their relations to the

lower worms and to the Rotifera ; and further makes evident the

relationship of the Annelida to the Gephyrea, a group of worms

which possess an elongated body devoid alike of external and

internal segmentation, and, as an equivalent of the ganglionic chain,

a ventral nerve trunk, which is usually uniformly covered with

ganglion cells.

The body of Loven's larva, from which we must derive the body
of Annelids, is unsegmented, and represents mainly the Annelid head.
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Behind it is continued into an indifferent terminal portion equivalent

to the whole body of the adult.

At the apical region of the larva (fig. 294, *S)j)
there is a

thickening of the ectoderm, which is called the apical plate. This

represents the rudiment of the cerebral ganglion (apical ganglion),

and gives off nerves to either side. The wide mouth (0) has a

Prw.

FIG. 201. Development of Pafygorditts (after B. Hatschek). a, Young larva
; S)>, apical

plate with pigment spot ; Prie, prffi-oral circle of cilia ; O, mouth
; Pow, post-oral circle

of cilia; A, anus; 3Is, mesoderm ; A"A~. head kidney. I, Older larva with commencing

segmentation of the body, a second limb is developed in the head kidney, c, Older stage.

The body is elongated to the form of a worm, and divided into a number of mctameres ;

HWlc, posterior circle of cilia; Af, eye spot; F, tentacle.

ventral position, and leads into an alimentary canal, which opens

at the posterior end of the body (.-I).
In front of the mouth there

is a strongly developed circle (prseoral)
of cilia (Prw) ;

and behind
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the mouth a weaker (postoral) circle (Pow) ;
to the right and left

there is an excretory canal (head kidney), which begins with a

ciliated funnel. By the differentiation of the cephalic region of the

larva into praestoinial lobe and oral segment, and by the gradual

growth in length of the posterior part of the body and the

segmentation of the latter into a number
of successive metameres, the originally un-

segmented larva is transformed into an

Annelid (fig. 294, a d). There is, therefore,

between the segmented adult and the larva

a morphological relation similar to that be-

tween the cestoid and the simple scolex, from
the posterior end of which the proglottides
are developed.

The body of the Annelida is sometimes

flattened, sometimes completely rounded and

cylindrical. It is composed of a number of

successive segments, which are usually sepa-
rated from each other externally by trans-

verse constrictions. The segmentation is

generally homonornous, in that the segments

following the head resemble each other not

only in external appearance, but also in

internal structure, i.e., they repeat similar

sections of the internal organization. The
terminal segment with the anus, however,
has a special structure inasmuch as it

retains the primitive, more indifierent char-

acter of the posterior end of the body of

the larva, and during the development of

the worm gives origin to new segments
anterior to itself. The homonomy of the

preceding segments of the body is, how-

ever, never complete, since certain organs
are confined to definite segments. The
internal segments, which are separated by

dissepiments, either correspond with the

external segmentation as marked by the

annular constrictions of the integument

(Choetopoda), or each internal segment corresponds to a definite

number (3, 4, 5, etc.) of the external rings (Hirudinea).

FIG. 294 d. The young
Polygordius ; G, cerebral

ganglion ; Wg, ciliated

pit ; D, alimentary canal.
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Organs of locomotion. Special organs of locomotion may either

have the form of bristle-bearing unjointed appendages (parapodia)

on each ring of the body (Clicetopoda), or of terminal suckers

(Hirudi/nea). In the first case each segment may possess a dorsal

and ventral pair of appendages (the neuropodia and notopodia),

which, however, are sometimes replaced by simple setse embedded

in dermal pits.

Alimentary canal. The mouth is placed on the ventral surface

at the anterior end of the body, and leads into a muscular pharynx,
which is often provided with a powerful armature and can be

protruded like a proboscis. This is followed by the gastric region

of the gut, which occupies the greatest portion of the length of the

body, and is either regularly constricted in correspondence with the

segments, or possesses lateral diverticula ; it is only coiled in excep-

tional cases. The anus is usually

dorsal at the hinder end of the

body.

The nervous system consists of

a cerebral or supra
-
oasophageal

ganglion, which is derived from the

apical plate of the larval prae-oral

lobe, of an oesophageal ring, and of

a ventral cord or ganglionic chain,

the two halves of which lie more

or less approached to each other in

the median line. The ventral cord

arises from two lateral nerve cords,

which probably correspond to the

lateral nerve trunks of the Ne-

mertines. These two cords are continuous with the cesophageal

commissures, and, like the latter, are uniformly covered with

ganglionic cells. This form of the nervous system may persist,

as may also its ectodermal position (Archiannelida, Protodrilus)

(fig. 295). In most Annelida, however, this is only a transitory

condition
;
for at a later stage the lateral cords become separated

from the ectoderm, come together in the median line, and acquire

a segmentation corresponding to the metameres of the body. The

nerves of the sense organs arise from the cerebral ganglion ;
the

other nerves pass out from the parts of the ventral cord or, e,s

the case may be, from the ganglia of the ventral chain and from

the longitudinal commissures between the latter. There is in

s a.

FIG. 295. Transverse section through
the body of Protodrihu (after B. Hat-

schek). <S S, The two lateral trunks of

the nervous system ; G, ganglionic

layer of the same : Z>, alimentary
canal ; 2V, nephridium ; M, muscles ;

Or, ova.
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almost all cases a visceral nervous system (sympathetic). The

following sense organs are found : paired eye s])ots with refractive

structures, or larger more complicated eyes; also auditory vesicles

upon the cesophageal ring (branchiate worms), and tactile organs.

The latter have, in the Chcetopoda, the form of tentacles and tentacular

cirri on the head and of cirri on the parapodia. When tentacles

and cirri are absent, the anterior end of the body and the region of

the mouth seem to function as tactile organ.-,.

Vascular system. A blood vascular system is very commonly

present ; in many cases, however, it seems not to be completely

closed, but to communicate with the body cavity, which contains

blood. Two main vascular trunks, a dorsal and a ventral, connected

with one another by numerous transverse anastomoses, are generally

present. The blood is usually coloured (green or red), and its cir-

culation is effected by the contractility of the walls of certain vessels
;

sometimes the dorsal vessel, sometimes the ventral, and sometimes

the transverse connecting vessels are contractile. Lateral longi-

tudinal vessels are often present in addition to the above. In the

Hirudinea these, as well as the median contractile blood sinus, are

probably to be regarded as isolated parts of the body cavity.

Special respiratory organs are found amongst the Chcetopoda in

the branchiate worms.

The excretory organs, corresponding to the water-vascular or

excretory system of the Platyhelmintb.es, have the form of coiled

canals (segmental organs or nephridia), which are repeated in pairs

in each segment. Each nephridium usually begins with a ciliated,

funnel-shaped opening into the body cavity, and opens to the exterior

by a lateral pore (fig. 70). These may assume in certain segments
the function of generative ducts, e.g., the nephridia of the Gephyrea,

which, however, are much reduced 'n number. In the cephalic

segment or head there is also a segmental organ (head kidney),

which in the larva functions as a kidney and later disappears.

Reproduction. Considering the independence of the segments, to

which we ascribe the value of a subordinate (morphological) indi-

viduality, the occurrence of asexual reproduction by fission and

gemmation in the long axis (Chcetopoda) is not surprising. Nume-

rous Annelida (Oligochceta, Hirudinea) are hermaphrodite ; the

marine ChcKtopoda, on the contrary, are for the most part of separate

sexes. Many lay their eggs in special sacs and cocoons, in which

case development is direct, without metamorphosis. The marina

worms, on the contrary, undergo a more or less complicated
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metamorphosis. The Annelida comprise terrestrial and aquatic

animals, and they eat, for the most part, animal food. Many of

them (Hirudinea) are occasionally parasitic.

In the group of the Annelida three principal divisions may be

distinguished, the Chcetopoda, the unsegmented

Gepliyrea, and the Hirudinea which are adapted

for parasitism. The Hirudinea are not in any

.degree to be regarded as Annelida of a lower

grade of organization, but they rather present,

at least in the case of some organs, as alimen-

tary canal, circulatory and generative organs,

a more complicated structure, and agree most

closely with the Oligochteta, from which they

may be derived.

Sub-class 1. CH.ETOPODA.*

Free living Annelida, ivith paired tufts of

setcc, on the segments, frequently with distinct

head, also with tentacles, cirri, and branchice.

The Chtetopoda are divided externally into

segments, which correspond with the metameres

of the internal organs, and are, with the excep-

tion of the anterior region, which is distinguished

as the head, usually tolerably alike (fig. 296).- Parapodia provided

with setaj are very frequently present on the segments ; their prin-

cipal function is that of

.DP _ locomotion, but their va-

rious appendages, the

branckice and cirri, also

discharge tactile and respi-

ratory functions
(fig. 297).

* Besides the older works
of Savigny, Audouin et Milne
Edwards, and Quatrcfapes,

compare E. Grube,
" Die Fami-

lien dcr Anneliden," Arrliir

fur Naturgesclt, 1850 and 1851.

E. Claparedc,
" llecherches

anatomiquc sur les Annelides,

etc.," Geneve, 1*01. E. Cla-

parede,
' Les Annelides cheto-

podes du golfe de Naples,"
Geneve et Bale, 1868, also Sup-

plement, 1870, and " Eecherches sur la structure des Annelides sedentaires,"

Geneve, 1873. Fr. Lcydig, 1. c.. also " Tafeln zur vergl. Anatomic," 1SG1.

FIG. 296. Grulea

fera (after Quatre-

fages). Ph. pharynx
D, alimentary canal ;

C, cirri; F, tentacles.

Ae

FIG. 297. Dorsal (DP) and ventral (VP) Para-

pi dium with bundles of setae of Nerds (after

Quatrefages). Ac, Aciculum ; B.C, dorsal cirrus ;

Be, ventra' cirrus.
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The form of the movable setae varies extremely, and affords a good

character for the classification of families and genera. According

to the strength, form, and mode of ending (fig. 298), the following

a, lie d e } *m 3
Fis 298. Sette of different PolycHoeta (after Malmgreu and Claparede). a, Hooked seta of

Salclla crassicornii ; I, of Terebella Danielsseni; c, seta witb spiral ridge from Sthenelaix ;

d, lance-shaped seta of Phylloch&topterus ; e, of Stibella crassicornis ; f, of Sabella pavonis ;

g, Composite sickle-shaped seta of Nereis cuUrifera.

forms can be distinguished : hair-setae, hooked-setae, flat-setae (palece),

lance-setae, sickle-shaped setae, etc. When the parapodia and their

appendages are com-

pletely

setae are

wanting,

FIG. 21)9. Anterior end of Polynoe cxtenuata, the first

elytron on the left hand being removed (after Cla-

parede). The two setse of the oral segment are visible ;

SI, Elytra.

the

embedded in

pits in the integument,
and are arranged either

in one or two rows on

either side, that is, in a

lateral ventral row on

either side, or in a ven-

tral row and a dorsal

row on either side. In

such cases the number

of setae is small (Oligo-

chceta). The setae may,

on the contrary, be pre-

sent in great number,

so that the integument

on either side seems to

oe covered with long hairs and setae, and a thick felt of hairs

shining with a metallic lustre is distributed over the whole dorsal
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surface [Aphrodite). The appendages of the parapodia present

an equally great variety of form and not unfrequently vary in the

different parts of the body. They are either simple or ringed tenta-

cle-like processes, the cirri, which are distinguishable into dorsal and

ventral cirri. The cirri are for the most part filiform, and sometimes

jointed or conical, and then are often provided with a special basal

joint. In some cases the dorsal cirri are flattened out as broad scales

and leaves, the elytra, which constitute a protective covering (Aphro-

dite) (fig. 299). In addition to the

cirri, branchiae which may be filiform

or branched and antler-like, comb-

shaped or in the form of tufts, are

frequently present ; sometimes they
are confined to the middle region of

the body, or are extended over almost

the whole dorsal surface
;

sometimes

they are confined to the head or to the

anterior segments immediately following
the oral segment (cephalic branchiae).

The two anterior segments may be

regarded as forming the head ; they

are fused together, and are, with regard

to their appendages, different from the

following segments (fig. 245). The

anterior segment projects beyond the

mouth as the frontal lobe, and bears

the tentacles and palps [palps are ten-

tacular structures arising from the

ventro-lateral sides of the head, vide

p. 379] and also the eyes ;
the posterior

cephalic segment or oral segment bears

the tentacular cirri. The last segment

(anal segment) bears the anal cirri.

The alimentary canal is usually

straight, and extends from the mouth

to the anus, which is terminal and rarely dorsal
;

it is divided

into oesophagus, intestine, and rectum (fig. 300). There is in most

cases a dilated muscular pharyngeal bulb which is armed with

papillae or with movable teeth and can be protruded as a proboscis.

The intestine usually preserves the same structure in its entire

length and is divided by regular constrictions into a number of

24

Fio. 300. Alimentary canal of

Aphrodite aculeata (after M. Ed-

wards). Ph, pharynx ; Z>, intes-

tine ; L, hepatic appendages.
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divisions or chambers, which correspond to the segments and dilate

again into lateral diverticula and cseca. The constrictions are due to

filamentous or membranous septa (dissepimenta), which divide the

body cavity into the same number of chambers lying one behind

another.

The vascular system appears to be closed, so that the clear nutri-

tive fluid found in the body cavity, which, like the blood, contains

amoeboid corpuscles, does not communicate with the usually coloured

contents of the vessels. The dorsal and ventral vessels are not only
connected at each end by lateral loops, but also in each segment ; and

from these connecting vessels proceed peripheral networks, which

extend into the integument, the wall of the alimentary canal, and the

branchiae.

Special organs of respiration are wanting in almost all the Oliyo-

chceta. In the marine Worms, on the contrary, branchiae are very

generally present, usually as appendages of the parapodia. These

branchia? are either simple cirri which have delicate ciliated walls

and contain blood-vessels, or are branched (Amphinome) or in some

cases are pectinate structures (Eunice) which co-exist with special cirri

on the notopodia (fig. 246). The branchiae are sometimes confined

to the middle segments (Arenicoht), and are sometimes developed on

almost all the segments on the dorsal surface, being simplified

towards the posterior end of the body (Dorsibranchiata). In the

Tubicolce the branchiae are confined to the two (Peclinaria,/Sabellidce)

or three (Terebella) anterior segments. The respiratory function is,

however, also shared (Gapitibranchioita) by a number of elongated
tentacles which are grouped in tufts on the head. These are, in

the Sabellidce, supported by a special cartilaginous skeleton, and

may have secondary twigs developed upon them. They are either

simply arranged in a circle round the mouth, or in two fan-like

lateral groups (SerpuUdce), the base of which is not unfrequently
drawn out into a spiral plate. Such branchial structures, however,
also function as organs of touch, as organs for procuring nutriment,

and even for building the tubes and shells.

Excretory organs. There are usually in all the segments paired

segmental organs, which serve as excretory organs. They begin, as a

rule, with a ciliated funnel in the body cavity ; they possess a glandu-
lar wall, are several times coiled upon themselves, and open to the

exterior in each segment by a lateral pore. These glandular

passages serve in general for the removal of matters from the

body cavity, and in the marine Chcetopoda, are iised during the
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breeding season as oviducts or vasa deferent ia, and permit of the

passage outwards of the generative products, which have been set free

in the bodi/ cavity.

Amongst the special glands in the body of the Clitetopoda, those

cutaneous glands of the OUgochceta which give rise to the thickening

(extending over several segments) known as the clitellus or girdle,

are especially worthy of remark. The secretion of these glands

perhaps assists the intimate connection of the Worms during copula-

tion. In the 8erpulidce there are present two large glands, which

open upon the dorsal surface of the anterior portion of the body and

furnish a secretion used in the formation of the tubes in which the

animals live.

a

FIG. 301. Brain and anterior portion of the ganglionic chain, a, of ScrpiiJa 5, of Nereis,

(after Quatrefages) ; O, eyes ; ff, cerebral ganglion ; c, cesophageal commissure ; Ug,

suboesophageal ganglion; e e, nerves to the tentacular cirri and the mouth segment.

Nervous system. The longitudinal trunks of the ventral cord are

often so closely approached that they seem to form a single cord

(Oligochreta}. In the Tubicolce (fig. 301), on the contrary, they are

very widely separated from one another, especially in the anterior

part of the ganglionic chain (Serpula). The visceral nervous system
consists of paired and unpaired ganglia, which supply the oral region
and especially the protrusible proboscis.

Sense organs. Paired eyes upon the surface of the frontal
(i.e,
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prscoral or cephalic) lobe are widely distributed. Eye-spots may also

be present upon the posterior end of the body (Fabricici), or may be

regularly repeated upon the sides of each segment (PolyopWmLmus).
In species of Sabella, pigment-spots with refractive bodies are found

even upon the branchial filaments. The large cephalic eyes of the

genus Akiope* are the most highly developed, being provided with

a large lens and a complicated retina. The presence of auditory

organs seems less frequent. They appear as paired otolithic vesicles

upon the oesophageal ring of Arenicola, Fabricia, some Sabellidce and

young Terebettidce, etc. Besides the tentacles, cirri and elytra, other

portions of the surface of the body may be sensi-

tive to tactile sensations. On such parts there

are either stiff hairs and tactile setse, or, as in

Sphcerodorum, special tactile warts with nerve

terminations.

Reproduction. In the smaller Chcetopoda
asexual generation by fission and gemmation

may occur. Either (fissiparous reproduction)
a large number of segments of the parent be-

come separate and give rise to the body of the

new worm, as for example in Syllis prolifera,

where a series of the posterior segments, which

are filled with ova, become separated by a simple
transverse fission, after the formation of a head

provided with eyes ; or (gemmiparous repro-

duction) a single segment only, usually the last,

becomes the starting-point for the formation of

a new individual. In this way Autolytus pro-

lifer, one of the Syllidce', asexually reproduces

itself, giving rise to a male and female sexual

form, known respectively as Polybostrichii-s

Mutteri^ (male) and Sacconereis helgolandica

(female). This is a case of alternation of gene-

rations, for the asexual form, Autolytus, gives

rise by budding in the long axis to the sexual

forms (fig. 302). In this case a whole series of segments are developed

*
Greeff,

" Ueberdas Auge derAlciopiden, etc.," Marburg, 1876 ;and
" Unter-

suchungen iiber die Alciopidcn," Nov. Act. dcr A". Leop. Altad.. etc., Tom
XXXIX., Nro. 2.

f Compare besides the works of 0. Fr. Mliller, Quatrefages, Leuckart, and
Krohn, especially A. Agassi/,,

" On alternate Generation of Annelids and tho

embryology of Autolytus cornutus," Boston Journ. Nat. Hist., vol. iii., 18C3.

PIG. S02. Autolytu cor-

nutut, with the male
animal Polybostrichus

(after A. Agassiz). F,
Tentacles ; CT, tenta-

cular cirri : f, tenta-

cles ; ct, tentacular

cirri of the male.
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in front of the last segment of the asexual form, and these segments,

after the formation of a head, constitute a new individual. As this

process is repeated, a chain of connected individuals is formed, and

these, as soon as they are separated, represent the sexual individuals.

Among the freshwater Naidce, in Chcetogaster, a regular and continued

budding in the long axis leads to the formation of chains, consisting of

not less than 12 to 16 zooids, each having only four segments, while

the sexual individuals consist of a greater number of segments. A
similar process occurs in the mode of reproduction observed by 0.

Fr. M tiller in Nais proiboscidea, from the last segment of which a

new zooid is produced. Both generations of Nais, however, become

sexually mature.

[For a more complete account of the asexual reproduction of Chcetopoda,

vide Balfour, "Comparative Embryology," vol. i, pp. 283, 284.]

The Chcetopodu are, with

the exception of the her-

maphrodite Oligochceta and

certain Serpulidce (e.g., Spi-

rorbis spirillum, Protula

Dysteri) of separate sexes.

Male and female individuals

seem occasionally so strikingly

different in the Structure of FIG. 303. A parapodium of Tomopferit with a

,, . f i 1^ mass of ova and one free ovum (after C.
their organs of sense and lo-

Gegenbaur) .

comotion that they have even

been taken for species of distinct genera. Besides the above-

mentioned Sacconereis and Polybostrichus, the asexual generation of

which is Autolytus, a similar sexual dimorphism has been shown by

Malmgren for Heteronereis, a genus of the Lycoridce, in which the

males and females differ both in external form and in the number

of their segments. A remarkable case of heterogamy is also

afforded by this genus, in that a generation of smaller animals

swimming upon the surface alternates with a generation of arger

forms living upon the bottom.

The generative apparatus of the Oligochceta is very highly deve-

loped. The ovaries and testes lie in definite segments, and empty

their contents by dehiscence of their walls into the body cavity.

Special generative ducts often co-exist with segmental organs in

the same segment (0. terricoke), while in other cases the segmen-

tal organs are wanting in the generative segments (0. limicolce). In
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the marine Chcetopoda, the ova or spermatozoa originate on the body
wall

(fig. 303) from cells of the peritoneal membrane, either in the

anterior segments alone or along the whole length of the body. The

generative products then become free in the body cavity, attain

maturity, and pass through the segmental organs to the exterior.

Only a few Chcetopoda, as Eunice and Syllis mvipara, are viviparous,

all the rest are oviparous ; many lay their eggs in connected groups,
and carry them about with them, while the Oligochceta lay theirs in

cocoons.

Development. The segmentation is unequal. A primitive streak

is very generally developed, though sometimes not until the embryo
has left the egg. It arises on the ventral side in consequence of the

development of a middle layer and from neutral plates of the upper

layer.

Excepting in the Oliyochceta, the young forms undergo a metamor-

phosis and after leaving the egg appear as ciliated larvse, which are

provided with mouth and alimentary canal, and essentially resemble,
with some modifications, Loven's larva.

The capability of renewing lost portions of the body, more espe-

cially the posterior part of the body and different appendages, seems

to be generally distributed. The Lumbricince and certain marine

Worms (Diopatra, Lycaretus) are even able to replace the head and
the anterior segments, with the brain, cesophageal ring, and sense

apparatus.

Fossil remains of Chcetopoda are found from, the Silurian onwards
in the most different formations.

Order 1. POLYCII.ETA.*

Marine Chcetopoda, with numerous setce embedded in the parajtodia,

usually with distinct head, tentacles, cirri,. and branchice. They are

for the most part dioecious, and develop with metamorphosis.
The marine CJtcetopoda must be considered as belonging to a

higher grade of life, on account of the sharp distinction of the head
which is composed of the prsestorniurn (pneoral lobe) and oral

segment (in the Amphinomidce several succeeding segments are also

included), and of the presence of the tentacles, tentacular cirri and

* Audouin ct Milne Edwards, "Classification dcs Annelidcs ct description
des cclles qui habitent les cotes dc la France," Annales dcs Sc. Nat., Tom.
XXVII. to XXX., 1832-33. Delle Chiajc,

" Dcscrizioni e uotumia degli
animali senza vcrtebre clella Sicilia citeriorc," Nupoli, 1841. Quatrefages,"
Histoire naturelle des Annelcs," Tom. I. and II., 1SG5. Also the numerous

writings of E. Grubc and E.
'
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gills, and also of the setns embedded in prominent parupodia, which

serve as aids to swimming. The internal organization, however, is

in no way more complicated than that of the Oligochceta. Neverthe-

less all these distinctive characters may be less and less marked,

and, indeed, so completely vanish that it is difficult to draw a sharp
line between the Oliyochceta and the Polychceta. The parapodia

(Capitellidce) and also the setre (Tomopteridce) may be wanting.
In rare cases, bundles of seta? are present on all the segments behind

the head
; they are however arranged in a single row and embedded

in a single pair of ventral retractile parapodia in each segment.

FIG. 30-1. Head and anterior body segments of Nereis Dumerilii (after E. ClaparMe). O,

Eyes; P, palps; Ct, tentacular cirri ; A", pharyngeal jaws.

This arrangement, which is found in Saccocirrus and its allies, pro-

bably represents the primitive state, especially as in these animals the

character of the nervous system, which lies in the ectoderm external

to the dermal muscular envelope, and of the sense organs, which are

reduced to two simple tentacles upon the cephalic lobe and to ciliated

pits, indicates lower and more primitive conditions.

In another and very remarkable type, Polygw&ius Schn. and

Protodrilus Hatsch., not only parapodia and setse but also the

external segmentation are wanting. The segmentation of this

achretous and externrfllv unsegmented worm is entirely confined
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to the internal organization and is, as compared with that of all other

Annelida, to a certain extent completely komonomous, inasmuch as

the oesophagus is confined to the cephalic segment and does not

extend into the anterior segments of the body. Further, the nervous

system is connected with the ectoderm along its whole length, and
the cerebral ganglion maintains its primitive position at the anterior

end, corresponding to the apical plate of the larva ; and the ventral

cord is without ganglionic swellings. In all the above points these

forms seem to

have preserved
the primitive An-

nelidan structure,

and they have

therefore been
united by Hat-

schek into a special

class, the Archian-

nelida.

In the Poly-
chceta the vascular

system is compli-

cated by the ap-

pearance of bran-

chias, which are

provided with

blood-vessels. In

the forms with

dorsal branchiae

the branchial

blood is derived

from the dorsal

trunk and re-

turned to the ven-

tral by special

vessels. When,
on the other hand, as in the tubicolous capito-branchiate forms, the

respiratory apparatus is concentrated on a few segments, the vascular

system of that part undergoes greater modifications. In the Tere-

bellidce (fig. 305); the dorsal trunk dilates above the pharynx to a

branchial heart from which lateral branches are given off to the

branchiae. In the same region the transvers loeops connecting the

FIG. 305. Terebella nelulota, opened from the dorsal side (after
M. Edwards). T, Tentacles ; JT, Branchise; Dg, dorsal vessel or

heart.



POLTCILETA. 3 / 7

dorsal and ventral trunks may perform the function of hearts, as

is also frequently the case in the Oligochceta. Finally the vascular

system is in many cases considerably reduced, and, according to

Claparede, is entirely wanting in Glycera and Capitella, in which the

blood is represented by the perivisceral fluid.

The generative organs, unlike those of the hermaphrodite Oligo-

ch(Kta, are usually placed in different individuals
;
and the males and

females are sometimes of very different forms. A number of herma-

phrodite Polychceta are, however, known
;
such principally belong to

genera of the Serpulidce, e.g., Spirorbis, Protula.

The development, unlike that of the Oliyoc/Kxta, is invariably con-

nected with a

metamorphosis.

Segmentation is,

as in the Ilirudi-

nea, usually un-

equal, and even

the first two seg-

mentation spheres

are of unequal
size. The smaller

(animal) half,

which segments
more quickly,

gives rise to

smaller segments,
which grow round

and envelope the

n

larger segments

FIG. 306. LarvEB of Polycheeta (after Busch). a, Larva of Nereia

F, tentacle ; Oc, eyes ; PrW, prreoral circle of cilia : O,
mouth ; A, anus, b, Mesotrochal, larva of C/urtoptenis ; Wp,
circle of cilia.proceeding from

the segmentation
of the larger half. In the subsequent development a primitive streak

makes its appearance in all embryos of Polychceta, sometimes, how-

ever, not until the embryo has begun to lead a free life as larva.

The ganglia become differentiated later into the ventral chain.

In the free-swimming larva? the cilia are rarely distributed over

the whole surface of the body (Atrocha*). They are usually confined

to special rows (ciliated rings) ; sometimes, as in Loven's larva, there

is one row placed in front of the mouth at some distance from the

*
Compare E. Claparede and E. Metschnikoff,

"
Beitrii?* znr Entwiokclungs-

geschichte der Chretopoden," Zeitschr. fur wiss. Zool., Tom. XIX., ISCD.
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anterior end of the body (Ccf)halotrocJia, e.g., larva of Polynoe).

Sometimes there are two rows, one at each end of the body, con-

stituting a prseoral and perianal ring (Telotrocha, e.g., Sjjio-Nephtliys-

larvct). In addition to these two rings of cilia, incomplete rings

may also be present on the ventral surface (Gastrotroclia), or both

ventrally and dorsally (AmpMtrochoi). In other cases one or more

rows of cilia surround the middle of the body (Mesotrocha), while the

terminal rings (prjeoral and perianal) are absent (Telepsavus-Chcetop-

terus larvci) (fig. 306). Many larvae are provided with long pro-

visional seta?, which are later replaced by the permanent structures

(Metachceta). In spite of their great diversity of form the Chaetopod

larvae can in their later development also be reduced to the type of

the larva of Loven.

Relatively few forms, as for instance the transparent Alciopidcr,

live at the surface (pelagic animals) ;
most

of them live near the coast. Numerous

forms descend into the deep sea. Many
have the power of emitting an intense

light, especially species of the genus Chce-

topterus which emit light from their an-

tennse and appendages. The elytra of

Polynoe, the tentacles of Polycirrus, and

the integument of certain Syllidce, are

also phosphorescent. Panceri* has shown

that the seat of the phosphorescence is

in unicellular cutaneous glands, which, in

Polynoe, were proved to be in communi-

cation with nerves.

Sub-order 1. Errantia. Free-swim-

ming, predacious Polycha'ta. The pnestorniuni always remains in-

dependent and forms, with the oral segment, a well-marked head

which bears eyes, tentacles, and usually tentacular cirri. The

parapodia are much more developed than in the Tubicolce, and,

together with their very variously shaped setae, serve as oars. The

anterior portion of the pharynx can be protruded as a proboscis

and is divided into several portions ; it is either beset with papilla;

or contains a powerful masticatory apparatus, which appears at its

extremity when protruded (fig. 307). Branchice may be wanting;

when present, they usually appear as comb -shaped or dendritic

FIG. 307. Nereii margaritucea.
Head with protruded jaw
apparatus of the phnrynx,
from the dorsal surface (after

M. Edwards). E, Jaws; F,
tentacles

; P, palps ; Fc, ten-

tacular cirri.

*
Panceri,

" La luce c gli organ! luminosi di alcuni annelidi," Atti dclki E.

Acacl. sciensz fi. e mat. di Napoli, 1875.
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tubes on the parapodia (Dorsibranchiata). The Errantia are pre-

datory in their habits (Rapacia) and swini freely in the sea; but

they may also inhabit temporarily thin membranous tubes.

Fam. Aphroditidae. Broad scales (elytra) on the notopodia. These are

usually placed on alternate segments, often only on the anterior part of the

body. Praestomium, with eyes, with one unpaired and usually two lateral

tentacles, to which may be added two stronger lateral ventrally placed tentacles

(palps). Proboscis cylindrical, protrusible, with two upper and two under

jaws. Aphrodite aculcata Lin. (Hystrix marina Redi.) The back has a thick

felt of hairs. Eyes sessile. Numerous setce on the ncuropodia. Polyno'd

scolopendrina, Sav. Ocean and Mediterranean.

Fam. Eunicidse. Body very long, composed of numerous segments. Prresto-

rniuin with several tentacles. Parapodia usually uniramous, rarely biramous,

usually with ventral and dorsal cirri as well as branchins. One upper jaw
composed of several pieces, and a lower consisting of two plates ;

both lie in

a sac, the jaw-sack, on the dorsal surface of which runs the pharyngeal tube.

Staurocephalus vittatus Gr., Hallo, (Lysidice) partlienopcm Delle Ch., Naples.

Diopatra ncapolitana Delle Ch., Naples. Eunice Ifarassii And. Edw.
Fam. N ereidae = Lycor id'cc* The elongated body is composed of numerous

segments. The pnestomium has two tentacles, two palps, and four eyes. The

parapodia are either uni- or bi-ramous, and are furnished with dorsal and ventral

cirri and with composite sete. Proboscis usually possesses spines, and always
two jaws. Nereis Dumcrilii Aud. Edw., French and English coasts, to which

belongs Heteronereis fucicula, Oerst. N. cultrlfcra Gr., Mediterranean N.

fucata Sav., North Sea. The form formerly distinguished as Heteronereis

Oerst. differs from Nereis in the great size of the pra3stomium and of the eyes,

also in the extraordinary development of the parapodia, and in the abnormal
formation of the hinder end of the body. It belongs, however, to the same

cycle of development as Nereis and Wereilejias.

Fam. Glyceridae. Body slender, composed of numerous ringed segments.
The prrcstomium is conical and. ringed, with four small tentacles at its point
and two palps at its base. The proboscis can be protruded to a great length,
and is provided with four strong teeth. The hremal fluid, coloured by red

corpuscles, is contained in the body cavity and the branchial sinuses. There
is no special vascular system. Glycera capitata Oerst., North Sea.

Fain. Syllidse. Body elongated and flattened, head usually with three

tentacles and two to four tentacular cirri. The protrusible proboscis consists

of a short proboscis tube, a pharyngeal tube lined by stiff cuticular formations,

and a portion characterised by annular rows of points. Sexual and asexual

individuals, differing in form, are sometimes found in the same species. Many
carry their eggs about with them until the young are hatched. Fi/llix /-iftain

Gr., Mediterranean. Odontosyllis gilba Clap., Normandy, Autolyius proTifi /

0. Fr. Mull., asexual form. The male has been described as Polyloxtrichus
Mutter i Kef., the female as Sacconereis hclyolandica Mull, ^ilit/'roilnrum

peripatiis Gr., Mediterranean.

Fam. Alciopidse (Alciopea). With two large hemispherical projecting eyes.
Ventral and dorsal cirri leaf-like. The proboscis is protrusible, the tube of

the proboscis being thin walled and its terminal portion thick walled. At
*
Compare E. Grube,

" Die Familieder Lycoridcen," JaJircsber. der Sehlesis-

GesdUcliaft, 1873.
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its aperture are two hook-shaped papillae. The larvas are in part parasitic in the

Oydippidce. Alciojxi Cantrainil Delle Ch., Naples.

Fam. Tomopteridae (Gymnocqpa). Head well marked, two eyes, bind

prrcstomium, and four tentacles, of which two in many species are only present
in the young. The mouth segment has two long tentacular cirri which are

supported by a strong internal seta. The mouth is without proboscis and

jaws. The segments are provided with large bi-lobed parapodia without setae.

Tomojtti'ris scolopendra Kef., Mediterranean. '. onisdformis Esch., northern

seas, Heligoland.

The genus Myzostoma F. S. Lkt., a small group of hermaphrodite worms
whose affinities are doubtful and disputed, may be placed here. They are

small, disc-shaped animals,

parasitic on Comatiila.

They possess a soft and

ciliated skin, four pairs of

laterally placed suckers on

the ventral surface, and a

protrusible proboscis fur-

nished with papilla? at

their anterior end, also a

branched alimentary canal

which opens at the posterior

end of the body. On the

sides of the body are five

pairs of short parapodia, of

which each one bears a hook

(with one to three supple-

mentary hooks) as well as

0> /fjf" \ \ ^ ^/ supporting setae. As a rule,

double as many cirri or

short wart-like protube-
rances are found on the

margin of the body. M.

glabrum, cirriferum F. S.

Lkt.

D
Ov

Fio. 308. Sjiirorlit lieris (after Claparode). a. The
animal removed from its tube, strongly magnified ;

ft, tube
; T, tentacles ; I?c, brood-pouch with oper-

culum ; Dr, glands, Ov, ova ; Oe, oesophagus ; If,

stomach ; D, intestine.

Sub-order 2. Seden-

taria = Tubicolae. *

With indistinctly sepa-

rated head and short,

usually not protrusible

proboscis, without jaws.

The branchite may be entirely absent and in many cases are

confined to the two or three anterior segments following the

head. In exceptional cases they are placed on the dorsal part

of the middle of the body (Arenicolidce). As a rule, however,

they are represented by numerous filiform tentacles and ten-

* E. Claparedc,
" Eecherchcs sur la structure dcs Annelides sedentairci).

'

Geneve, 1873.
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tacular cirri upon the head (Capitibranchiatci), of which one or

more may bear an operculum at its apex to close the tube (fig.

308). The parapodia are short, and are never used in swimming;
the notopodia usually carry hair-like sette

;
the neuropodia are trans-

verse ridges with hooked setre or plates. Eyes are very frequently

absent
;
in other cases they are present in pairs upon the head or on

the terminal segment, sometimes even on the branchial tentacles ;

in the latter case they are very numerous. The body is often

divided into two (thorax and abdomen) or three regions, the seg-

ments of which are distinguished by their unequal size. The

Tubicolce live in more or less firm tubes which they construct for

themselves, and feed on vegetable matter which they procure by
means of their tentacular apparatus. In the construction of their

tubes the animals are assisted in various ways by the long tentacles

or branchial filaments of the head
; thus, for example, the SabeUidce

are said to accumulate fine ooze at the funnel-shaped base of the

branchial apparatus by means of the cilia of their tentacles, to mix

it with a cement secreted by large glands, and then to transfer it to

the edge of the tube ; while the Terebellidce procure the grains of sand

for the construction of their tubes by their long and very extensible

tentacles. There are also boring Annelids, which pierce limestone

and mussel shells, like the horny Molluscs
; e.g., Sabella saxicola, etc.

The development is simplest when the mother possesses a kind of

brood-pouch for the development of the young, e.g., Stpirorbis spirillum

Pag., the eggs and larvae of "which remain within a dilatation of the

opercular stalk until the young animals are able to construct a tube

for themselves. The free-swimming larvae of most Tubicolce, on

assuming the form of the worm, lose the ciliary apparatus, while

tentacles and parapodia make their appearance. In this condition

and sometimes surrounded by delicate membranes, they swim about

for some time longer, and, having lost their eyes and auditory vesicles,

gradually assume 'the structure and mode of life of the sexual animal

(Terebetta}.

Faiu. Saccocirridae. With two tentacles on the prrestomium, two eyes

and the same number of ciliated pits. A single row of retractile parapodia,

furnished with simple setee, on either side of the segments of the body. Sacco-

clrrus papillocercus Bobr., Black Sea and Mediterranean (Marseilles).

Fam. Arenicolidae. Prsestomium small and without tentacles. The pro-

boscis is beset with papilla}. There are branched gills on the median ami

posterior segments. The animals burrow in sand. Arenicola marina Lin.

(A. piscatiTiun Lam.), North Sea and Mediterranean.

Fam. Spionidse (Spiorlctv'). The small prcestomium sometimes with tentaon-
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lar processes, usually with small eyes. The oral segment mostly with two long
tentacular cirri, which are usually grooved. Cirriform branchiae are present.

Polydora antcnnata Clap., Naples, fyio scticornis Fabr., north seas.

Fam. Chaetopteridae. Body elongated and separated into several dissimilar

regions. Usually two or four very long tentacular cirri. Dorsal appendages
of the middle segments have the shape of wings and are often lobed. They
live in parchment-like tubes. Telepsavus Costurum Clap.. Naples. Chtetoptt-rus

pcr/jam( ntaccus Cuv., West Indies.

Fam. Terebellidae. Body vermiform and thicker anteriorly. The thinner

posterior portion is sometimes distinctly marked off as an appendage destitute

of sette. The praestomium is indistinctly separate from the mouth segment.
There is frequently a lip above the mouth. Numerous filiform tentacles, usually

arranged in two tufts. There are pectinate or branched, rarely filamentous,

gills on a few of the anterior segments. Dorsal prominences (notopodia) fur-

nished with simple seta3, and ventral transverse ridges (neuropodia) with hooked

setre. Tcrcldla concliilega Pall., English coast, Mediterranean. Ampliarete
Grultci Malmgr., Greenland and Spitzbergen. Pectinaria aurieoma 0. Fr.

Mull., North .Seas, Mediterranean. Salcllaria {Ilermella) spinulosa E. Lkt.,

Heligoland.
Fam. Serpulidae. Body usually distinctly divided into two regions (thorax,

abdomen). Prsestomium fused with the mouth segment, which as a rule is pro-
vided with a collar. The mouth is situated between two semicircular or spirally

coiled plates, from the anterior margin of which spring the branchial filaments.

These have secondary filaments arranged in single or double rotvs, and may be

supported by a cartilaginous skeleton, and have their bases connected by a

membrane. Spirographii Spallanzanll, Naples. Sabellapenicillus Lin., North

Seas. S. Koll Uteri Clap., Mediterranean. Protula Riidolplii Risso, Mediterra-

nean. Filif/ra/ia, -Implexa Berk., Norwegian and English coasts. Sc-rpula- nor-

veglca Gunn., North Sea and Mediterranean, ^plrorlits spirillum Lin., Ocean.

Order 2. OLIGOCII.ETA.*

Hermaphrodite Clmtopnda ivithout pharyngeal armature and para-

podia. There are no tentacles, cirri, or branchiae. The development

is direct.

The cephalic region is composed of the prsestomium, which projects

as an upper lip, and the mouth segment. It does not essentially

differ from the following segments so as to form a special region (fig.

309). Tentacles, palps, and tentacular cirri are never found on it,

but tactile papillae are present in great number, as are also peculiar

sense organs which resemble taste buds. Eyes either fail or are

present as simple pigment spots. Besides the small gland cells of the

'

Besides the works of \V. Hoffmeister, D'lJdekem, and others, compare :

E. Claparedc,
' llccherchcs anatomiques sur les Ainielidcs, etc., observes dans

les Hdbrides," Geneve, 1800. E. Clapavede,
" Eecherches anatomiques sur les

Oligochrctes," Geneve, 1SG2. A. Kowalcvski. "
Embryo! ogische Studien an

Wiirmcrn und Arthropoden (Lvntliricus, Eiut.rrx)" Petersburg, 18(il. P>.

Hatschck,
" Studien iiber Entwicklungsgeschichtc der Annelidcn," Wicu.

1878. Fr. Vejdovsky,
"
Beitrage zur vergleicheuden Morphologic der Annelideu.

I. Monographic der Enchytntidcn," 1879.
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]iypodei-mis there is present in the clitellus a deeper glandular layer

(Sciulenschicht Clap.), which consists of finely granular cells embedded

in a framework of pigmented and vascular connective tissue and

situated between the hypodermis and the external muscular layer.

There are but few setse present, and they are never disposed on

special parapodia, but always in simple pits in the integument, by
the cells of which they are secreted.

There are small secondary bristles

which serve as a reserve. The blood

is usually red, as in the Hiruclinea.

The alimentary canal is often divided

into several regions, the relations of

which are most complicated in the

Lumbricidce, In Lumbricus, the buccal

cavity leads into a muscular pharynx,

which is probably used for sucking.

This is followed by a long oesophagus

extending to the 13th segment, and

furnished with a thick layer of glandular

cells and several glandular dilated ap-

pendages (calcareous sac?). The oeso-

phagus is succeeded by a crop, a

muscular gizzard, and finally by the

intestine itself, the dorsal wall of which

is pushed inwards so as to form a longi-

tudinal fold, the typlilosoh (comparable
to a spiral valve). In the Limicoke

the alimentary canal is simpler by the

absence of a muscular stomach : a

pharynx and oesophagus are, however,

always present.

Reproduction. The OliyochcKta are

hermaphrodite ; they lay their eggs

either singly or united in greater num-

ber in a capsule ;
and they develop

without a metamorphosis. The testes

and ovaries are paired and placed in

definite segments, usually near the an-

terior end of the body ; they dehisce their products into the body

cavity. The generative ducts possess funnel-shaped openings into the

body cavity through which the generative products pass, and may

FIG. 309. LunilrieuK i-uhdlus (after

G. Eisen). a, The whole worm ;

Cl, Clitellus. I, Anterior end of

the body from the ventral side, c,

Isolated seta.
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organs

co-exist in the same segment with segmental organs (Lumlricidce).

In the earth-worm, Avhose generative organs were first accurately

described by E. Hering, the female apparatus consists of two ovaries

in the 13th segment,* and two oviducts, which begin with trumpet-

shaped openings into the body cavity, contain several eggs in a dila-

tation and open to the exterior on either side on the ventral surface

of the 14th segment. There are in addition in the 9th and 10th

segments two pairs of receptacula seminis, which open at the junction

of the 9th and 10th and 10th and llth segment respectively. They
are filled with sperm in copulation (fig. 310).

The male genital

consist of

two pairs of testes

in the 10th and

llth segments,
and two vasa defe-

rentia, each of

which opens inter-

nally by two fun-

nels and to the

exterior in the

15th segment.

Copulation takes

place in June and

July on the sur-

face of the earth

at night. The

worms apply their

ventral surfaces to

one another and lie

FIG. 310. Generative organs of Lumbricus in segments VIII. to

XV. (after B. Hering). T, Testes ; St, the two funnels of the

vas rleferens on either side ; VcL, vas deferens ; OP, ovary ; Od,

oviduct; Re, receptacula seminis.

in opposite directions, in such a manner that the openings of the re-

ceptacula seminis of one worm are opposite the clitellus of the other.

During copulation sperm flows out from the openings of the sperm

duct and passes backwards in a longitudinal groove to the clitellus,

and thence into the receptaculum seminis of the other worm. In

Tubifex and Enchytrceus the ovaries may break up into groups of

ova which float free in the body cavity. Special albumen glands

and also glands which secrete the substance of the shell of the cocoon

are often present. In the breeding season the above-mentioned

* The head (prfcstomium and buccal region) being reckoned as the first

segment.
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girdle or clitellus, which is formed of a thick glandular layer, is

almost always present.

The embryonic development of the Oligochceta presents many
relations to that of the Hirudinea. The unequal segmentation, which

is very much alike in the two groups, and the similarity in the

method of origin of the mesoderm, from two large cells near the

blastopore at the posterior end of the embryo, point to a close relation-

ship between these two groups of Annelids.

A few Oligochceta, as for example Chcetogaster, are pai-asitic on

aquatic animals
;
the rest of them live, some free in the earth, some

in fresh water, and some in the sea.

Sub-order 1. Terricolae. Oligochseta which live principally in

the earth. They have segmental organs in the genital segments.

Fam. Lumbricidae. Large earthworms with compact skin and red blood.

Without eyes. Tufts of vessels surround the segmental organs. Their activity
in boring into the earth is of the greatest importance, loosening and exposing
the soil to the action of the weather. Lumbrieus L., Earthworm. Prasstornium

distinct from the mouth segment. The clitellus includes a series of segments,
and is situated nearly at the end of the anterior quarter of the body far behind

tlui genital openings. Betas elongated, hook-shaped, arranged in four groups in

each segment, each group containing two sete. The earthworm lays its eggs
in capsules, into each of which several small ova, with sperm from the recep-
tacula seminis. are emptied ;

as a rule, however, only one or but a few embryos
are developed. The developing embryo takes up with its large ciliated mouth
not only the common mass of albumen, but also the other eggs. L. agricola
Ho&.m. = tc>Tcstri Lin., L. fcetidus Sav., L. americanus E. Perr. Criodrilus

laciium Hoffm.

Sub-order 2. Limicolae. Oligochseta which live principally in

water. Without segmental organs in the genital segments.

Fam. Phreoryctidae. Long filiform worms, with thick skin and two rows of

slightly curved setae on each side. Phrcoryctcs Menlteanus Hoffm. Found in

deep springs and wells
; they seem to feed on the roots of plants.

Fam. Tubificidae. Aquatic worms, provided with four rows of simple or

divided, hooked setre. Hair-like seta} may also be present. The receptacula
are in the 9th, 10th, or llth segment. They live in mud tubes, from which

they protrude the posterior end of the body. Tubifcx rtvulorvm Lam. The
heart is in the 7th, the receptacula in the 9tla segment. T. Monncti Clap.

(Samwris rarii-gata Hoffm.) The heart in the 8th, receptacula in the 10th

segment ;
both species live in fresh water. Limnodrilim Hoffmeigteri Clap.,

L. LfUdeltenilaniis Clap Is distinguished from Tubifcx by the absence of

hair-like setae, in the upper row of setae. Lumbriculus variegatus O. Fr. Mull.

Every segment is provided with a contractile vascular loop and saccular

contractile appendages of the dorsal vessel.

Fam. Naide*. Small Limicolte with delicate thin skin and clear, almost

colourless, blood. The praestomium is often elongated like a proboscis ami

25
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fused with the mouth segment. Nais (Stylaria) proboscidca O. Fr. Mull.

N. parasita Schm. Both species have a filiform prastotniurn. Chatayaster

vermicularis 0. Fr. Mull.

Sub-class 2. GEPHYREA.*

Worms with cylindrical body, without external segmentation, ^v^th

terminal or ventral mouth
;

icith cerebral ganglion, ozsopliageal ring
and ventral cord. Setce are sometimes present.

The Gephyrea possess an elongated cylindrical body and live, as do

the Holothuria, in sand and ooze in the sea. The characters which

distinguish them as Annelids are the possession of an cesophageal

ring connected with a cerebral ganglion and of a ventral cord par-

tially surrounded by ganglion
cells. The larvae of the Chce-
.,

tijera present traces ot seg-

mentation (see below, p. 391),

while in the Achxta the body-

cavity remains simple. Of sense

organs, eye spots have been

observed
;

these in certain

Sipuncididce lie directly upon
the brain

;
there are also dermal

papillae, into which nerves

enter.

The structure of the integu-

ment is similar to that of the

A nnelida ; the thick upper
cuticular layer rests upon a

_ cellular matrix, and is not un-

PIG. 3ii. Young Eehiurus from the ventral frequently wrinkled. There is

side (after Hatschek) 0, Mouth at the base nQ external segmentation. The
of the proboscis ; SC, cesophngeal commis.
sure ; ss, ventral cord ; A, anus ; H, hooks, connective tissue dermis is of

considerable thickness and en-

closes numerous glandular tubes, which open to the exterior by pores

in the epidermis. Belosv this is the strongly developed dermal muscular

tunic, which is regularly composed of an outer layer of circular fibres

*
Quatrefnges," Mc-moire sur 1'Echiure," Ann. des Sc. 3W.. 3 S<'T.. Tom VII.

Lacaze-Duthiers,
" Rccherches sur 1 Bonellia," Ann. <!rx Sr. Nat., 1858.

\V. Keferstein,
"
Beitriige zur anatomischen uncl systematischen Kenntniss dcr

Sipimculidcn," Zcilxrlir fiir w/.v.v. Zoologlr, Tom XV., ISC,.". B. Hatschek,
" Ueber Entwickclung?geschichte des Echiurus," etc. \Virn, 1880. J. \V.

Spcngel, "Beitriige zur Kenntniss der fiephyreen. I. Mittlril, av.t fli-r zoolti-

gisclicn station zn frcaj'tl, 1879; II. Zi'ituchr.fur n-iaa. Zool., Toni XIV., 1881.
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and an inner layer of longitudinal fibres. The latter are connected

with the former and also amongst themselves by net-like anastomoses.

These dermal muscles cause the folds of the cuticle. Internally to

the longitudinal muscles there is another layer of circular muscles.

In the Chcetifera two hooked setre are present near the genital

opening (fig. 311); these assist locomotion. There may also be

present one or two

circles of setre at the

posterior end of the

body (Echiurus).

In the Chcetifera

A
(fig. 311), the ante-

rior part of the body
is elongated to form

a kind of proboscis,

which projects im-

movably and cor-

responds to the

prseoral lobe (prfe-

stomium) of the

Annelida. The
mouth is placed

ventrally at the

base of the probos-

cis. In the Achveta

(Sipuncididce) this

proboscis is want-

ing ;
the mouth is

placed at the ex-

tremity of the an-

terior region of the

body, which is sur-

rounded with cili-

ated tentacles and FIG. 312. Sipuneulus nudm, laid open from the side (after IV.

Keferstein). Ta, Tentacles ; O, cerebral ganglion ; VO, ven-
Can be retracted by trai nerve cord ; D, intestine ; A, anus ;

BD brown tubes

means of retractor (ventral glands),

muscles (fig. 312).

Alimentary canal. The mouth opens into a pharynx, which is

sometimes furnished with teeth
;
this is followed by a ciliated intes-

tinal canal, which is usually longer than the body and disposed in

coils in the body cavity. The terminal portion of the intestine is
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muscular and opens to the exterior by a terminal or dorsally placed

anus (fig. 312).

The vascular system is probably in communication with the body

cavity ;
it consists of a dorsal vessel, which, as in the Annelida,

accompanies the alimentary canal, and of a ventral vessel running

along the body wall. There are also branches on the alimentary canal

and in the tentacles. The blood is either colourless or red, and moves

in the same direction as in the Annelids, the current being maintained

both by the contraction of certain parts of the vessels and by the

cilia which line the walls of the vessels. The corpusculated fluid of

the body cavity differs from this vascular blood.

Excretory organs. There are two sets of organs, both of which

may be interpreted as segrnental organs. One kind, the anal vesicles

(fig. 314c, Ab), are only present in the Chcvtifera ; they have the form

of a pair of tufted tubes, which open, on the one hand, into the

body cavity by numerous ciliated funnels and, on the other, into the

rectum. The other kind, known as the brown tubes (fig. 312, J5c/)

or ventral glands, are placed (one or more pairs) in the anterior part

of the body ; they also open into the body cavity by a ciliated funnel,

and to the exterior on the ventral surface. The latter, like the seg-

mental organs of Annelids, assume the function of seminal vesicles

and of oviducts.

Generative organs. The Gephyrea are of separate sexes. There

are, however, remarkable variations both in the generative glands

and their ducts. In Phascolosoma amongst the Achceta (according

to Theel) the generative glands lie at the root of the ventral retractor

muscles of the proboscis, and form a ridge from which the generative

products are set free. Spermatozoa or ova in various stages of

development are found in the body cavity, and thence are carried to

the exterior through the two brown tubes (segrnental organs) which

open on the ventral side.

In Bonellia among the Chcetifera the ovary, which has the form of

a thin cord (fold of the body wall) in the posterior half of the body,

is attached by a short mesentery to the nerve cord. From the ovary
the ova fall into the body cavity, and thence pass into the neigh-

bouring single uterus (fig. 314, b, U), which is provided at its base

with a trumpet-shaped opening (Tr) and opens to the exterior on

the ventral surface behind the mouth. This uterus ought probably
to be considered morphologically as a segmental organ, which has

only been developed on one side. The generative organs of the

small TurbeUarian-like males which are met with in the uterus of
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the female of Bonellia have the same relations (fig. 313). These

rudimentary males are furnished (in many species) with two ventral

hooks, in front of which in the anterior region is placed the external

opening of the vas deferens. The vas deferens corresponds to the

uterus of the female, and is in like manner provided with an internal

opening into the body cavity. In Echiurus there are two pairs of

brown tubes, which function as generative ducts and reservoirs.

In Thalassema there are, according to Kowalevski, three pairs of

such tubes.

The development shows many points of

similarity with that of the Annelida. Be-

tween the Achceta and Chcetifera, however,

there are considerable differences. In both

cases a metamorphosis follows the embryonic

development. The larvse resemble Loven's

larva (larva of Polygordius) ;
but in the

Achceta they are characterised by a great de-

generation of the apical region (prseoral lobe)

and the absence of a prseoral band of cilia.

The remarkable larva known as Actino-

trocha, which is the young stage of the

tubicolous genvis Phoronis,* is distinguished

by the possession of a contractile prseoral lobe,

behind which there is a circle of ciliated ten-

tacles forming a collar.

The Gephyrea are all marine. Some of

them live in sand and ooze at considerable

depths, also in holes in the rocks and in

crevices between stones and corals, and in

the shells of snails. Their food is similar to

that of Hoiothurians and many tubicolous

Annelids.

Order 1. CH.ETIFERA = ECHIUROIDEA.

FIO. 313. Planarian- like

male of Bonellia (after

Spengel). D. Intestine ;

WT, ciliated funnel of the

vas deferens (Vd), which
is filled with sperm.

Gephyrea characterised by the presence of two strong hooked setce

on the ventral side and by a terminal anus. The mouth is placed at

the base of the prceoral lobe, which is developed into a jjroboscis.

The Echiuroidea or chsetiferous Gephyrea present no external

segmentation of their elongated and contractile body ; they have,

however, in the young state the rudiments of 15 metameres. This

* There should be a third order of Gephyrea for these animals.
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fact, as well as the formation of the prteoral lobe and the develop-
ment of the ventral hooked setre, points to a close relationship with

the Clicetopoda. In the adult animal, however, the internal segmen-
tation is very little marked. The dissepiments, with the exception
of the first, which forms a partition between the head and the body,
are lost, and the segmentation of the ventral cord is only indicated

by the distribution of the nerves. The supra-oesophageal ganglion
remains at the apical region of the prseoral lobe (proboscis) ; hence

the cesof hageal commissures are extraordinarily long.
The strongly developed prseoral lobe forms a proboscisrlike

FIG. 314. a, female of Bonfllia riridu (after Lacnzc-Duthiers). I, Integument and generative

organs after the intestine has been removed. Hd, Cutaneous glands ; Ab, anal vesicle ;

Ad, rectum
; OP, ovary ; Tr, ciliated funnel of the uterus (17). c, Anatomy of iV/< /'/ n

tiridis (after Lacaze-Duthiers). D, alimentary canal with anal vesicles (Al) ; M, mesen-

tery ; U, uterus ; R, proboscis.

appendage which may develop to a considerable length and become

forked (Bonellia} (fig. 314 a).

A pair of hooked seta? (with reserve seta? in the sheath of each

seta) are always present on the first segment of the body. In

Echiurus there are also one or two circles of set3 at the posterior

end of the body. There are from one to three pairs of anterior

segmental organs (so-called brown tubes or ventral glands), which

open on the ventral surface and are used for the passage outwards

of the generative products. Besides these there is also a pair of
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posterior segmental organs (anal vesicles, tig. 314, Ab) in the

terminal segment, eacli of which has a number of peritoneal

funnels and opens into the rectum. In Bonellia the segmental

organ which performs the function of uterus is, like the ovary,

single (fig.
314

b).

Development. The development of the ovum begins with an

unequal segmentation. In Bonellia the small ceils of the animal

pole grow round the four large yolk spheres, which give rise to the

entoderm, leaving a small aperture, the blastopore (fig. 110). The

Echiurus larvae
(fig. 315) are the most accurately known. They

present the type of Loven's larva and possess a strongly developed

a

s?

A

FIG. 315. a, Larva of Eclriurus from flic ventral side (after Hatsclaek). SP, apical plate;
Prw, prseoral circle of cilia

; Pote, postoral circle of cilia; ~ii, head-kidney; Vg, ventral

Kanglionic cord connected with the apical plate by the long ossophageal commissures ;

AS, anal vesicle, b, Ventral region of the Echiurus larva with segmented mesodermal
bands; SC, oesophageal commissure ; Dsp, dissepiments of the anterior body segments j

MS, mesodermal bands
; A, anus.

prrcoral circle of cilia (Prw), in addition to which there is also a

delicate post-oral circle of cilia (Pow). Early in larval life a seg
mental organ, the head kidney or pronephros (KN), is developed,
one on either side

;
and behind it a pair of nie.soblastic bands makes

its appearance and gives rise in the subsequent development to the

rudiments of 15 segments (fig. 315 b). In the terminal segment,
which is surrounded by a circle of cilia, there appear segmental
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organs, which give rise to the anal vesicles
(fig. 315 a, AS}. The

rudiments both of the cerebral ganglion and of the ventral cord are

derived from growths of the ectoderm, the former from the apical

plate, the latter as a paired thickening of the ventral ectoderm. The

two are connected by the cesophageal ring, which is also provided

with ganglion cells. In older stages, after the disappearance of the

segments, the ciliary apparatus begins to degenerate and finally

vanishes; after which two strong hooked setse make their appear-

ance at the sides of the nerve cord not far from the mouth, and

two circles of shorter setos are formed at

the hind end of the body (fig. 316).

The prseoral lobe of the larva becomes

the proboscis of the young Echiurus (fig.

311).

Fam. Eclimridae. The anterior end of the

body above the mouth is elongated into a pro-

boscis, the under surface of which is grooved. The

long resophageal commissures lie in the pro-

boscis, and meet in front -without any cerebral

enlargement. Anteriorly and on the ventral side

are two seise for attachment, and on the poste-

rior end of the body there are sometimes circles

of seise. The anus is terminal. Ecliiurus Pal-

lash Guerin (Gaertneri Quatref., St. Vaast),

coast of Belgium and England. Thalasscma

il'iijas M. Hiill., Italian coast. Bonellia viridis

Eolando, Mediterranean. The males are small

and rudimentary, and resemble Planarians.

They live in the efferent ducts of the female

generative organs.

Order 2. ACELETA= SIPUKCULOIDEA.

Gepliyrea with terminal mouth, dorsally

placed anus, and ivithout setce. The ante-

rior region of the body is retractile.

The Sipuncidoidea differ from the

cliBetiferous Gephyrea in their entire want

of all traces of nietameric segmentation
in the degeneration of the piworal lobe

and in the position of the mouth and anus.

The elongated body is destitute of a projecting pra?oral lobe, so that

the mouth, which is frequently surrounded by a circle of tentacles,

comes to be placed at the anterior end of the body. On the other

hand, the anus is moved far forward on the dorsal surface (fig. 317).

FIG. 316. Older Echiurus larva

seen from the side. The head

kidney is atrophied. O,

mouth
; 3/, stomach ; A, anus

;

SK, circles of setae ; SC, ceso-

phageal commissure ; AS,
anal vesicles ; Gr, cerebral

ganglion, developed from the

apical plate; Vff, ventral

nerve cord ; II, ventral hooks.
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The cerebral ganglion, cesophageal ring and ventral cord run inside

the dermal muscular tunic. Only one pair of segmental organs,

known as brown tubes or ventral glands,

is present. The blood vascular system is

well developed.

Development. The segmentation is com-

plete and is followed by the formation of a

gastrula by invagination. The blastopore

marks the ventral side. The two posterior

marginal cells* of the entoderm move in-

wards as primitive mesoderm cells, and give

rise to the mesoblastic bands which do not

undergo segmentation. Imaginations of the

ectoderm of the animal pole and ventral sur-

face of

the em-

bryo give

rise to

cepha-
lic and

ventral

plates
respec-

tively,
while the

remain-

der o f

the ecto-

d e r m
cells
grow round these and form an

external envelope for the embryo
of the nature of a serous mem-

brane (serosa). Cilia project from

the latter through the pores of

the vitelline membrane and are

FIG. 316 Larva of Sipuncuius (after Hats- employed by the embryo in

chek). O, Mouth ; Sp, apical plate; A, anus
;

Po W, pestoral circle of cilia ; N, kidney.
m&

The cephalic and ventral plates

soon grow together. The mesodermal bands split into somatic and
*
Compare especially B. Hatschek.

N

FIG. 317. Quite young Si-

punculiti still without ten-

tacles (after B. Hatschekl

O, mouth
; A, anus ; tlS,

ventral cord; N, nephri-
dium (brown tube) ; G,

cei ebral ganglion ; Eg,
blood vessel.
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splanchnic layers, and give rise to the rudiments of the two seg-

rnental organs ;
while the oesophagus arises as an imagination of

the ectoderm, and a postoral circle of cilia is formed around its

opening (fig. 318). The serous membrane is cast off with the egg

membrane, and the larva then contains all the essential organs of

the adult Sipunculus except the ventral cord and the blood-vessels.

At a later stage, during the growth of the larva, the ventral cord

is developed from the ectoderm, the circle of cilia disappears, the first

tentacles sprout out at the edge of the mouth, and the metamor-

phosis of the free-swimniing larva into the creeping young Sipun-

culus is completed.

Fam. Sipunculidae. Body elongated and cylindrical, the anterior part re-

tractile. The mouth is surrounded with tentacles, and the anus is dorsal. The

intestine is coiled spirally. Sipunculus nudiis L., Mediterranean. Phascolosoma

Iceve Kef., Mediterranean. Ph. elongatum Kef. St. Vaast.

Fam. Priapulidse. Anterior part of the body without circle of tentacles.

Pharynx armed with papillre and rows of teeth. Anus at the posterior end of

the body and slightly dorsal, above it there usually projects a caudal appen-

dage which bears papilla-like tubes (branchiae). The intestine is straight.

Prlapulm caudatus 0. Fr. Miiller. Ilaltcryptim spinulosus v. Sieb., Baltic,

Spitzbergen.

Sub-class 3. HJRUDINEA*=DISCOPHORA, LEECHES.

Body either with short rings or not ringed, tvithout parapodia, with

terminal ventral sucker, hermaphrodite.

The body of the Hirudinea, so far as its external form is con-

cerned, recalls that of the Trematoda, with which group the Hirudinea

have often been incorrectly connected.

Externally the body is marked by a number of transverse rings,

which are short and may be more or less indistinct or even entirely

absent. These rings correspond in no way with the internal segments,

which are separated by transverse partitions or dissepiments; but

they constitute much shorter portions of the body, four or five of them

corresponding to one internal segment. The large sucker at the

posterior end of the body serves as an organ of adhesion ; and there

may be in addition a second smaller sucker, either in front of or

* Brandt and Ratzelravir.
" Medicinische Zoologie." 1829. Moquin-Tandon,

"Monographic do la famillc des Hirudinecs/' 2nd. edit., Paris, 1846. Fr.

Leydig, "Zur Anatomic vim Pisciccla peometrica," Zeitschr.fiir miss. Zofl1.,Ton~..

I., 1849. II. Itathke. " Beitriure y.ur Entwickelnngsgeschichte des Hirudiuecn,"
edited byR. Leuckart, Leipzig, JS02. R. Leuckart, "Parasiten des Menschen,"
I'd. L, Leipzig, 1803. Van Benedenet Hesse,

" Kecherches sur les Bdclloides ou
Hirudinc'es et les Trcmatodes marins," 1803. Robin,

" Memoire sur le developpc-
ment embryogenique des HirudinOes," Paris, 1875.
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surrounding the mouth. There are no parapodia

few exceptions, are absent. A sharply distinct

head is never developed, since the first rings are

not essentially different from those following

and are never furnished with tentacles or cirri.

Alimentary canal. The mouth is situated

near the anterior end of the body, sometimes

at the bottom of a small anterior sucker

(Rhynchol>dellidce\ sometimes at the base of a

projecting spoon-shaped hood, which resembles

a sucker (Gnathobdellidce) (fig. 319). The

mouth leads into a muscular pharynx provided

with glands. The anterior part of the pharynx,
which may be distinguished as the buccal

cavity, is armed

(Gnatli obdelli-

dce) with three

serrated chiti-

nous plates (fig.

319, a, b], or

more rarely
with a dorsal

and ventral

plate (Branchi-

obdellidce), or

it is provided
with a protru-

sible probo?cis, which lies free in its anterior part

(RhynckoMellidce}. The pharynx leads into a

stomach, which forms a straight tube in tho

axis of the body and sometimes shows con-

strictions, which correspond with the segments ;

sometimes it is produced into a larger or smaller

number of lateral creca. From the stomach a

short rectum, which is sometimes also provided

with creca, leads to the anus. The anus is placed

at the posterior pole of the body, dorsal to the

sucker.

Excretory organs. Segmental organs are pre-

sent, one pair to each segment in the middle

region of the body. Their number, however.

j and seta?, with a

a U

Fia. 319. Cephalic region of tho

Medicinal Leech. The three jaws are

visible, b, One of the jaws isolated

with the finely serrated free edge.

FIG. 320. Longitudinal
section through the

Medicinal Leech (after

R. Leuckart). D, in-

testinal canal ; G,

cerebral ganglion ;

Glc, gangl ionic chain ;

Ex, excretory cauals

or segmental organs

(water .vascular sys-

tem).
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varies very considerably, since, for instance, BrancMobdella astaci,

parasitic on the gills of the cray-fish, has but two pairs, while the

Gf-nathobdellidce usually possess seventeen pairs.

Unicellular glands are present in the Hirudinea in great numbers

in the skin and in the deeper layers of the connective tissue. The

former secrete a finely granular mucous fluid, which covers the skin
;

while the more deeply situated glands, which lie beneath the dermal

muscular tunic, secrete a clear viscid substance, which quickly

hardens outside the body and is used

to form the cocoons when the eggs

are laid. These glands are espe-

cially numerous in the region of the

genital openings.

A blood-vascular system is always

present, but in different degrees of

development. Portions of the body

cavity are transformed into vessel-

like trunks, and as a result of this

organs which lie in the body cavity

s-eem to be enclosed in blood sinuses.

The two lateral vessels and the me-

dian blood sinus, which always en-

closes the ventral ganglionic chain

and sometimes also the alimentary

canal (Clepsine, Piscicolci), may be

interpreted in this manner. In

most of the Gnathobdellidce the blood

is red, the colour being due to the

fluid part of the blood and not to

the corpuscles.

Special respiratory organs are

wanting, excepting in Branchellion

and some allied leeches, which pos-

sess leaf-like branchial appendages.

The nervous system* in all

cases is highly developed. The

cerebral ganglia are characterized by a peculiar arrangement of

the nerve cells which give rise to swellings on the surface of the

ganglia (described by Leydig as a follicular arrangement) (fig. 321).

*
Hermann,

" Das Centralncrvcnsystern von Hirudo medicinalis," Miinchen,
1875.

FIG 321. Anterior end of Hirudo (after

Leydig). G, Cerebral ganglion with

subcesophageal ganglionic mass ; Sp,

sympathetic ; A, eyes ; Sb, sense

organs.
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This is also the case with the ganglia of the ventral cord, and

especially with the sub-cesophageal ganglia, on which there are often

four longitudinal series of such ganglionic swellings, two median

and ventral, and two lateral projecting dorsally. The two

longitudinal trunks of the ventral ganglionic chain are invariably

closely approached to one another in the middle line, and

their ganglia are connected together in pairs by transverse com-

missures. In the GnathobdellidfK two nerve trunks are given off to

the right and left from each pair of ganglia, while from the brain

and the last ganglion, which may be called the caudal ganglion and

is formed of several ganglia fused together, a much greater number

of nerves pass off. The nerves passing off from

the brain supply the sense organs and the mus-

cles and skin of the cephalic disc (anterior

sucker) ; the nerves of the ventral chain are

distributed in their proper segments, and those

of the terminal ganglion supply the ventral

sucker. An unpaired median longitudinal cord

(Faivre, Leydig), which passes from ganglion
to ganglion between the two halves of the ven.

tral cord, most probably corresponds to the

unpaired nerve which Newport discovered in

insects. A system of visceral nerves was dis-

covered by Brandt. It consists of an intestinal

nerve, which arises from the brain and runs

close to and above the ganglionic chain and

sends branches to supply the caeca of the in-

testine. Three ganglia, which in the common FIG. 322. Generative

leech lie in front of the brain and send their

nerve plexuses to the jaws and pharynx, are

considered by Leydig as enlargements of cere-

bral nerves and very likely control the move-

ments which occur in swallowing.

Almost all leeches possess simple eyes on the

dorsal surface of the anterior ring. In addition there are cup-shaped

organs (in Hirudo medicinalis about sixty) on the cephalic rings.

These probably give rise to a sense perception comparable to the

sensation of taste.

Generative organs. The Hirudinea are hermaphrodite. As in

many marine Planaria, the openings of the male and female

generative organs are placed one behind the other in the middle

apparatus of the Med-
icinal Leech. T, Tes-

tis
; Vd, vas deferens ;

Nh, epididymis ; Pr,
prostate ; C, cirrus

;

Ov,ovaries with vagina
and female genital

opening.
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line of the anterior region of the body. The male generative

opening lies in front of the female and is usually provided with a

protrusible cirrus. The testes lie in pairs in several successive

segments and are usually present in considerable numbers (fig. 322).

In Hirudo there are nine or ten pairs of testicular vesicles, which

are connected with a sinuous vas deferens on either side. Each

vas deferens is coiled in front to form a kind of epididyniis (fig.

322, NK) and is then prolonged into a muscular portion, the ductus

ejaculatorius, which unites with that of the other side to form an

unpaired copulatory apparatus. This is in connection with a well-

developed prostatic gland (Pr), and can be protruded either as a

two-horned sac (Rhyncobdellidce) or as a long filament (Gnathob-

dellidce). The female generative apparatus consists either of two

long tubular ovaries with a common opening to the exterior

(RhyiwcibdelMdcB), or of two short

saccular ovaries, two oviducts, a

common duct surrounded by an al-

bumin gland, and a dilated vagina
with the genital opening (Gnathob-

dellidcK) (fig. 323). In copulation
a spermatopkore passes out of the

male genital organs, and is either

received into the vagina of the

other animal or at least becomes

attached within the generative

opening. In any case the fertili-

zation of the ovum takes place with-

in the body of the mother. The egg
is laid soon after. For this purpose

the animals seek suitable places on stones or plants, or leave the water

and, as Hirudo medicinalis, burrow in damp earth. At this period
the genital rings are swollen out into the form of a saddle, partly by
the turgescence of the generative organs and partly by the great

development of the cutaneous glands, the secretion of which is of

special importance to the fate of the eggs which are about to be

laid. When the eggs are about to be laid, the leech attaches itself

firmly by its ventral sucker and, twisting itself about, envelops the

anterior part of its body with a viscid mass, which covers especially

the genital rings like a girdle and gradually hardens to form a

firmer membrane. A number of small eggs and a considerable

quantity of albuminous matter then pass out, and the animal with-

FIG. 323. a, Cocoon, b, female genera-
tive apparatus of Ulritdo medicinalis

(after R. Lcuckart).



HIEUDIXEA. 399

draws its anterior end from this barrel-shaped membrane, which is

now filled and which, after the animal has left it, becomes in

consequence of the narrowing of the terminal openings a tolerably

completely closed cocoon. The number of eggs contained in a cocoon

varies but is never large. The eggs are small, yet the young
leeches when hatched are of considerable size, those of the Hirudo

medicinaUs, for example, are about 17 mm. long, and, excepting

the fact that they are not sexually mature, have essentially the

organization of the adult animal. The young of Clepsine alone are

hatched at a very early stage, and differ essentially from the sexual

animal both as regards the shape of the body and the internal

organisation. They have a simple intestine, are without the

posterior sucker, and live a long time attached to the ventral

surface of the mother
;
and it is not until they have received a

considerable quantity of newly secreted albuminous matter that

they obtain an organization which fits them to lead a free life.

The development of the embyro of CUpsinc, among the RJt,yncob-

dellidce and Neplidis and Hirudo amongst the Gnathobdellid.ee is better

known. The segmentation is always unequal. The mouth is formed

early, and through it, after the formation of the pharynx and intes-

tinal canal, the albumen contained in the cocoon is taken into the

intestine of the growing embryo by means of swallowing movements

of the pharynx.
The Leeches live for the most part in water or temporarily in

damp earth. They move partly by
"
looping

"
with the help of

their suckers, and partly by swimming with active undulations of

the usually flattened body. Many of them are parasitic on the skin

or the gills of aquatic animals, e.g., on fishes and the cray-fish ;
most

of them, however, are only occasional parasites on the outer skin of

warm-blooded animals. Certain forms are predaceous and, as for

exampleAulastomum yulo, eat snails and earthworms, or, like Clepsine,

suck snails. They do not feed exclusively on any special genus of

animals, and their diet is not always the same in the different periods

of their existence. Hirudo 'medicinaUs in its young stage lives on

the blood of insects, then on that of frogs, and only when it has

attained sexual maturity is a diet of warm blood necessary to it.

Fam. Khyncobdellidae. Leeches with proboscis. Body elongated, cylindrical,

or broad and flat
;
with an anterior and posterior sucker, and a powerful pro-

trusible proboscis in the buccal cavity ; with paired eyes on the anterior sucker.

Organs concerned in the formation of blood corpuscles occur (so-called valves)
in the dorsal contractile vessel. Piscicola~E>\a,\nv.(IchthyoMcllhl(T'}. P. f/romvtra

L., on -fresh water fish. P. rcspirans Tr., with lateral vesicles which dilate as
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the blood enters. Pontoldella murlcata L.,on Eays. Branc hell ion torpedinls

Sav., Clepsine tfav., (Clepsinida:'), Cl. lioculata Sav., Cl. einnj/lanata Sav., CL

marginata 0. Fr. Mull. Hccmentarla mc.cicana de Fil., //. officinalis de Fil.,

both in the Lagunes of Mexico, the latter used for medicinal purposes. II.

Ghilanii de Fil., in the river Amazon.

Fam. Gnathobdellidae. Leeches with jaws. Pharynx armed with three fre-

quently serrated jaws, and folded longitudinally. In front of the mouth there

is a ringed, spoon-shaped process, which forms a kind of oral sucker. The

cocoon"has a spongy shell. Hirudo L. Usually with 95 distinct rings, of which

four are upon the spoon-shaped upper lip. The three anterior rings, the fifth

and the eighth, bear the five pairs of eyes. The male genital opening lies between

the 24th and 25th, the female between the 29th and 30th rings. The three

jaws are finely serrated and can be moved like a circular saw in a manner

well adapted to inflict a wound, which readily heals, in the external skin

of man. The stomach has eleven pairs of lateral cceca, of which the last pair is

very long. The cocoons are deposited in damp earth. H. medicinalis L., with

the variety distinguished as officinal is. possesses 80 to 90 fine teeth on the free

edge of the jaws and attains a length of about six inches. They were

formerly common in Germany and are still frequently to be found in Hungary

ind France. They are cultivated in special ponds and take three years

to attain sexual maturity. Ilcemopsis vorax Moq. Tand, the horse-leech.

30 coarse teeth on the edge of the jaws, which enable it to inflict wounds on

soft mucous membranes. The horse-leech is indigenous in Europe, and espe-

cially North Africa. It attaches itself to the interior of the pharynx of horses,

cattle and men. Aulastomnm gulo Moq. Tand. Also known as the horse-

leech, feeds on Mollusca. Neph'lis Sav., N. vulgar Is Moq. Tand.

Fam. BrancMobdellidae. The body in the extended condition is nearly

cylindrical and is composed of few unequally ringed segments. There is a

bilobed cephalic lobe without eyes, with a well-developed sucker at the posterior

end of the body. Pharynx without proboscis, with two flat jaws lying one

above the other. Branchiobdella jparatita Henle, JS. astaei Odier.

CLASS IV. ROTATORIA* = ROTIFERA.

With a retractile ciliated apparatus at the anterior end of the body,

with cerebral ganglion and excretory canals; without heart or true

vascular system. The sexes are separate.

The Rotifera are Worms which can be derived from Loven's larva

and have nothing to do with the Arthropoda, since they are without

limbs and do not develop metameres. The body of the Rotifera is

certainly externally segmented and divided into more or less sharply

* Ehrenbcrg,
" Die Infusionsthierchen als vollkommene Organismen," Leipzig,

1838. Dujardin,
" Histoire naturelle des Infusoires," Paris, 1841. Dalrymple,

Phil. Trans. Roy, Soc. 184t. Fr. Leydig,
il Ueber den Ban unddie systematische

Stelluno- der Kadcrthiere," Zrltxchr. filr wm. Zool., Bd. VI.. 1854. F. Colin,

"Ucber Raderthicre," Zeitxclir.fiir wiss. Zool, Bd. VII., 1856, Bd. IX., 1858,

Bd. XII., 18(52. Gosse,
" On the Structure. Functions and Homologies of the

Manducatory Organs of the class Rotifera," Phil. Trans., 185G. W. Salensky,
" Beitriiwc zur Entwickelungsgcschichte dcs Brachionus urceolaris," Zcitschr.

jiir wiss. Zool., Tom. XXII., 1872.
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defined and very dissimilar regions, but the internal organs show no

trace of any corresponding segmentation. There is therefore no true

segmentation, i.e., division of the body into metameres. It is usually

possible to distinguish an anterior region of the body, in which the

wholo of the viscera are situated, and a posterior movable foot-like

region, which terminates in two opposed pincer-like styles and is

used both in locomotion and for attachment. The broad anterior

portion of the body, as well as the narrow posterior region, is often

divided by transverse constrictions into several rings, which can be

drawn into one another like the rings of a telescope and can be bent

more or less freely

upon one another.

The anterior cili-

ated and usually re-

tractile apparatus
which projects at the

.interior end, and is

termed the trochnl

disc, or from its like-

ness to a rotating

wheel, the wheel or-

gan, is an important
characteristic of the

Rotifera. Very fre-

quently, especially in

the parasitic forms,

this trochal disc is re-

duced, and in certain

cases entirely aborted

(Apsilus). InNotom-

mata tardiyrada the

trochal disc is reduced

to a small ciliated

lip round the mouth
;
in Hydatina (fig. 324) to the margin of the

head, the whole circumference of which is ciliated. In other

cases the ciliated edge projects over the head and forms the so-

called double wheel, e.g., Philodina, Brachionus, or becomes a

ciliated cephalic shield, e.g., Megalotrocha, Tubicolaria. Finally, it

may be produced into ciliated processes of various form (Floscularia,

Stephanoceros). As a rule, the cilia form a continuous border,

starting from the mouth and returning to it. The cilia are chiefly

26

FIG 324. Hydatina tenta (after F. Cohn). o. Female; I,

male. TTpr, Trochal disc
; CBl; contractile vesicle; Wtr,

ciliated funnel of the excretory apparatus (Ex) ; K, jaws ;

Dr, salvary glands ; Md, stomach, Oa, ovary ; T, testis ;

P, penis.
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concerned in locomotion, but in addition they play an important part

in attracting small particles of food. There is also a second row of

delicate vibratile cilia, extending on either side from the dorsal edge

of the trochal disc to the mouth [parts of the continuous border of

cilia just mentioned as starting from the mouth], which is placed on

the ventral side of the trochal disc. These cilia serve to guide the

small food particles which are captured by the trochal disc into the

mouth.

Alimentary canal. The mouth leads into a dilated pharynx (fig.

324), provided with a special armature. The parts of the armature

are in continual movement, and serve for mastication. Following

the pharynx there is a short cesophageal tube; this leads into the

digestive sac, which is lined Avith large ciliated cells. The anterior Di-

gastric part of this cavity is wide, and receives two large glandular

tubes, which may sometimes be resolved into unicellular glands.

They may be explained from their function as salivary or pancreatic

glands. The posterior narrow intestinal part usually opens into a

cloacal chamber, which is likewise ciliated and opens on the dorsal

surface at the point where the foot-like posterior region joins the

anterior part of the body. In some Rotifera, as for example Asco-

morplia, Asplanchna, the intestine ends blindly.

A blood-vascular system is always wanting, and the body cavity

is filled with a clear vascular fluid. The structures, erroneously

described by Ehrenberg as vessels, are in reality the transversely

striped muscles and muscular networks beneath the integument.

Respiration is carried on by the general surface of the body;

special organs of respiration are wanting.

Excretory organs. The so-called respiratory canals are excretory,

and correspond to segmental organs. They consist of two sinuous

longitudinal canals with cellular walls and with fluid contents, and

they communicate with the body cavity by ciliated funnel-shaped

openings placed at the end of short ciliated lateral branches (vibratile

organs). They open into the cloaca either directly or by means of a

contractile vesicle (respiratory vesicle).

The nervous system is allied to that of the Platyhelminthes. The

central part of it consists of a simple or bi-lobed cerebral ganglion

placed above the oesophagus, and giving off nerves to peculiar cuta-

neous sense organs and to the muscles. Eyes are often present, and

lie upon the brain either as an x-shaped unpaired pigment body or as

pairel pigment spots provided with refract ile spheres. The above-

mentioned cutaneous sense organs, which are probably tactile, have
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the form of prominences beset with hairs and seta?, or even of tubular

elongated processes of the skin (respiratory organs of the neck),

beneath which the sensory nerves end in ganglionic swellings.

Generative organs. The sexes are separate, and are distinguished

by a strongly marked dimorphism. The very small males have

neither resophagus nor intestinal canal, which are reduced to a string-

like rudiment ;
and they leave the egg completely developed. Their

generative organs are reduced to a testicular sac filled with

spermatozoa, the muscular duct of which opens at the hinder end

of the body, sometimes on a papilliform protuberance. The generative

organs of the females, which are far larger than the males, consist of

a roundish ovary filled with developing ova, and of a short oviduct

which contains one or but few ripe ova, and usually opens into the

cloaca. Almost all Rolifera are oviparous; and their eggs are

distinguishable into thin-shelled summer eggs and thick-shelled

winter eggs. They carry both kinds of eggs about on their body,

but the summer eggs not unfrequently undergo their embryonic

development in the oviduct. The summer eggs probably develop

parthogenetically, since at the season of the year when they appear

the males are not to be found. The thick-shelled winter eggs,

which are often dark coloured, are produced in the autumn and

fertilized.

Development. As far as the embryonic development is known, it

shows a great agreement with that of many Gasteropoda (Calyptrcea).

The ova undergo an irregular segmentation. The cells proceeding

from the smaller segmentation spheres become accumulated at one

pole, and finally enclose the darker coloured yolk cells completely, so

that a two-layered embryo is formed. The cells of the outer layer

are much poorer in granules than are those of the central entoderm

layer, and form the ectoderm. A depression of the ectoderm is

formed on the (later) ventral surface, from the side walls of which

the two lobes of die trochal disc grow out (like the oral lobes of

mollusc embryos). The hinder portion of the depression becomes

the posterior part of the body, at the base of which a pit forming
the first rudiment of the cloaca makes its appearance. The mouth

and the anterior part of the alimentary canal are developed anteriorly

at the bottom, of the depression. The ganglion arises from the

ectoderm in the cephalic region. There are no reliable observations

on the formation of the mesoblast. In the male embryo the

development takes a different course, the alimentary canal not being

completely developed. The free development takes place either
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without or with an inconsiderable and sometimes retrogressive

metamorphosis. This latter is most striking in the FlosvulcvridcR,

which are fixed in the adult state.

The Rotifera principally inhabit fresh water, in which they swim

about by means of the trochal disc, and sometimes they attach them-

selves to foreign objects by means of the forked glandular foot.

When thus attached, they extend the anterior part of the body,

and the cilia begin to move. The currents set up by the latter

convey to the mouth food material, such as small Infusoria, Algas,

Diatoms. Some species live in gelatinous sheaths and delicate tubes,

others (Conochilus) are fixed by their foot in a common gelatinous

mass, and are united to form a free-swimming colony. A relatively

small number are parasitic. It seems that many species are able to

endure drying, if it be not too prolonged.

Fam. Floscularidae. Fixed Rotifera with a long transversely ringed foot,

usually surrounded by gelatinous coverings and tubes. The margin of the

head has a lobed or deeply cleft wheel-organ. Floscidaria proboxcidea Ehrbg..

Stephanoceros Eiclihornii Ehrbg., Tubicolaria najas Ehrbg., Mdlccrta ringens

L., Conochilus rolvox, Ehrbg.
Fam. Philodinidae. Free, often creeping (in a looping manner) Rotifera ;

with double-wheeled rotatory organ, and jointed, telescopically retractile foot,

without gelatinous investment. Callidina elcgans Ehrbg., Rotifer xulgaris
Oken {R. redii-'mis Cuv.), Pltilodina crytliropldhalma Ehrbg.
Fam. BracMonidse. Hot 'ifera with bifid or multifkl wheel-organ ;

with

broad, shield-shaped armoured body ;
and foot ringed, or with short segments.

Brachwnus Balteri 0. Fr. Mull., JB. militar/s Ehrbg., Eitchlanis triquetra

Ehrbg.
Fam. Hydatinidae. Edge of wheel-organ prolonged into numerous processes

(multifid) or only sinuous
;
skin delicate, often ringed ;

foot short, usually

forked, with two seta; or pincer-shaped. Ifydatina Ehrbg., //. scnta 0. Fr.

Miul. with Entcroplea liydatinte Ehrbg., as male. Notommata tardiyrada

Ldg., N. Brachionits Ehrbg., N. parasita Ehrbg.
Fam. Asplanchnidae. The sac-like unarmoured body is destitute of rectum

and anus. AsplaneJina Sicboldli Ldg., A. myrmeleo Ehrbg., AsconwrpJm
gvrmanica Ldg.
Two groups of small animals are allied to the Rotifera : (1) the

Echinoderidse which Dujardin and Greef regarded as connecting links between
Verities and Arthropoda (Ecliinodrrcs Dvjardinii Clap., E. sctigera Grcef) ;

and (2) the Gastrotricha * or Ichthydina (Cheetonotus).

*
Compare E. MetschniTtoff,

" Ueber einige wenig bekannte niedere Thicr-

formen," Zuitschr. fur n-iss. Zool., Tom. XV., 1865. Also the works of
H. Ludwig and 0. Biitschli.
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CHAPTER X.

ARTHROrODA.

Laterally symmetrical animals with heteronomously segmented lody

and jointed seymental appendages ; with brain (suprao&sopliageal

ganglia) and ventral nerve cord (ganylionic chain].

The most important characteristic which distinguishes the Arthro-

poda from the closely allied segmented worms, and is an essential

condition of a higher organization and grade of life, is the possession

of jointed segmental appendages which serve as organs of locomotion.

In place of the unjointed parapodia of the Chcetopoda, jointed

appendages more adapted for locomotion and confined to the ventral

surface, are present. Every segment may possess a ventral pair of

appendages which, in the simplest case, are short and consist of only

a few joints (Peripatus) (fig. 325). While in the Annelida loco-

FIG. 325. Ptripafut ciijiciiKia (after Moseley).

motion is effected by the movements of the segments and undulatory
movements of the whole body, in the Arlhropoda the function of

locomotion is removed from the chief axis of the body to the

secondary axes, i.e., to the paired appendages, with the result of the

possibility of a much more effic'eat discharge of the function. The

appendages enable the Artliropoda not only to swim and creep with

much greater ease and speed, but also to execute various kinds of

more complicated movement, e.g., running, climbing, springing, and

flying. The Arthropoda are, therefore, true terrestrial and aerial

animals.

The high development of the organs of locomotion as paired

appendages leads of necessity to a second essential property, viz., to

the heteronomy of the segmentation, and in connection with this to the

hardening of the outer layer of the skin to form a firm exo-skeleton.

If the function of the limbs is to be perfectly discharged, there will

be need of a considerable mass of muscle, the points of attachment

of which can only be furnished by the integument of the body.
The insertions of the appendages and their muscles, therefore, require-
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rigid surfaces, which are obtained partly by the development of

internal chitinous tendons and plates, and partly by the hardening

of the integument and the fusion of several segments to form

larger armoured regions. It is only when the movements are

simpler and resemble those of Annelids, that all the segments

remain independent and bear similar appendages along the whole

length of the body

(larva?, Myriapoda).
In general, three

regions of the body
can be distinguished,

the head, the thorax,

and the abdomen, the

appendages of which

possess respectively a
FIG. 320. Head, thorax and abdomen of an Ac-ridium, seen !&
from the side. St. Stigmata ; T, tympanum.

different structure

and function(fig.326).

The head constitutes the short and compact anterior region of the

body, is covered by a hard integument, encloses the 'brain and bears

the sense organs and mouth-parts (jaws). The appendages of this

region are modified to form the antennce and jaws. The head of

Arthropods, as compared with that of Annelids, contains, besides the

frontal (prseoral) or antenna! segment and the oral segment, in

fit

FIG. 327. Squilla mtittt;*. A 1

, A" Antenna?; Kf, Ef" the anterior mnxillipeds oil the

cephalo-thorax ; ', ", "', the thiee pairs of biramous foot.

addition at least one jaw segment, the appendages of which may, in

larval life (Nauplius), still function as legs. Usually, however,
several of the succeeding segments whose appendages function as

jaws form part of the head.

The middle portion of the body, or thorax, is likewise distinguished

by a relatively intimate fusion of some or all of its segments, as well

as by the hardness of its integument. It is sometimes sharply
marked off from the head, sometimes fused with the head to form a
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region of the body called the cephalothorax (fig. 327). The thorax

bears the appendages which are of most importance in locomotion.

The posterior portion of the body, or abdomen, is composed of

distinctly separate rings, and is, as a rule, without appendages.
When the latter are present, they serve partly as aids to locomotion

(abdominal feet), partly for respiration, or for carrying the eggs and

for copulation. More rarely, as for example in the scorpions, the

abdomen is divided into a broad anterior region, the prceabdomen,
and a narrow movable posterior region, the postabdomen.

The skin, as in the Annelida, consists of two different layers, an

external firm, usually homogeneous chitinous layer, and an internal

soft layer, which is composed of polygonal cells (matrix, hypodermis)
and secretes in layers the at first soft chitinous cuticle (fig. 22).

The latter usually becomes hardened by the deposition of calcareous

salts in the chitinous basis, so as to form the firm exoskeletal

armour, which, however, is interrupted between each segment by
thin connecting membranes. The various cuticular appendages of

the skin (fig. 22, a, b, c), which may have the form of simple or

pennate hairs, of filaments, setae, spines and hooks, originate as

processes and outgrowths of the cellular matrix. The chitinous

cuticle together with its appendages is from time to time, principally

in the young stage during the period of growth, renewed, the old

cuticle being cast off as a continuous membrane (ecdysis, or moult).
The muscular system never constitutes a continuous envelope,

but the muscles are usually broken up into segments which corre-

spond with the segmentation of the animal. The muscles of the

body are arranged in longitudinal and transverse bundles in the

different segments, and are frequently interrupted. There are in

addition large groups of muscles, which move the appendages. The

muscular fibres are always cross-striped.

The internal organization is allied to that of the Annelida, but

does not present such a well-marked internal segmentation.
The nervous system consists of brain, oesophageal commissures

and a ventral cord. The latter usually has the form of a ganglionic
chain (fig. 328), and is placed beneath the alimentary canal.

*

Some-

times, however, it exhibits great concentration, and may have the

form of an unsegmented ganglionic mass beneath the oesophagus.

The segmentation of the ventral ganglionic chain presents in details

the greatest variations
;
in general, however, it corresponds to the

heterononious segmentation of the animal, in that in the larger

resions of the body, which have arisen by fusion of several segments,
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an approximation or fusion of the corresponding ganglia has taken

place. In one case only, viz., in the Pentastomidce, which in form

and grade of life resemble the intestinal worms, the dorsal part of

the cesophageal commissure is not swollen out to form a cerebral

and the central parts of the nervous system are com-

pressed together into a common gangli-

onic mass beneath the oesophagus. In

all other cases the brain is a large gangli-

onic mass lying above the oesophagus)

and connected by means of the cesophageal

ring with the anterior ganglion of the

ventral chain, which is usually placed in

the head and is known as the suboeso-

phageal ganglion (fig. 328). The sense

nerves arise from, the brain, while the

ganglia of the ventral chain send nerves

to the muscles, organs of locomotion and

coverng.

c ,,

Visceral nervous system. In addition

to the brain and ventral ganglionic chain,

which are comparable to the cerebro-spinal

system of Vertebrata, we can distinguish

in the larger and more highly organised

Arthropoda a visceral nervous system

(sympathetic), which consists of special

ganglia and plexuses connected with the

other system and specially distributed to

the alimentary canal. In the higher Ar-

thropoda, paired and unpaired visceral

nerves are very generally present, both

of which have their origin in the brain.

Sense organs. Eyes are most generally

distributed, and are only absent in a few

parasitic forms. In their simplest form

they are paired or unpaired structures

placed upon the brain, provided with re-

fractive bodies, and with or without a

simple lens (stemmata, or simple eyes).

The compound eyes, which are always paired, are much more

complicated. They are distinguished by the presence of nervous

rods and crystalline cones, and may be divided into faceted eyes

FIG. 328. Nervous system of

the larva of Coccinella (after

Ed. Brandt;. Gfr, Frontal

ganglion ; G, brain
; Sg, sub-

aesophageal ganglion ;
G' to

a", ganglia of the ventral

chain in the thorax and
abdomen.
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and eyes with smooth cornea (Claaocera). The former possess

numerous lenses, and are sometimes placed on movable stalks

(Decapoda). Occasionally accessory eyes are found on other parts

of the body, on the jaws and between the legs of the abdomen

(Eitphausia).

Auditory organs are found most frequently in the Crustacea as

auditory vesicles with otoliths in the basal joint of the anterior

antenna?, or rarely in the appendage of the abdomen known as the

fan (tail of Mysis). In Insecta, auditory organs of a very different

structure have been discovered.

Olfactory organs are also widely distributed. They are situated

on the surface of the antenna?, and consist of delicate tubes or

peculiar conical projections, beneath which the sense nerves end in

ganglionic swellings.

Tactile organs. The antennae and palps of the oral appendages
and the ends of the limbs have a tactile function. These parts are

provided with peculiar hairs and seta?, beneath which nerves end in

ganglionic swellings.

Alimentary canal. An independent digestive apparatus is always

present, but its structure and degree of development are very

various. The alimentary canal is only exceptionally degenerated

and absent (EMzocephala). The mouth is placed on the ventral

surface of the head. It is furnished with a projecting upper lip,

and usually with paired appendages, which are vised either for

masticating or for piercing and sucking. A narrow or wide

esophagus leads into the intestine, which either simply traverses the

axis of the body or is disposed in several coils. The oesophagus and

midgut (chyle stomach) may even be divided into several regions,

and may possess salivary glands and hepatic appendages of various

size.

Excretory organs. Urinary organs are widely distributed. In

the simplest form they appear as cells on the surface of the intestine

(lower Crustacea), in a more highly developed state as tubular

filiform diverticula of the hindgut (Malpiyhian tubes) (fig. 329). In

the Crustacea, glands are present in the shell (shell glands) and in

the base of the posterior antennas
; they are regarded as the

morphological equivalents of segmental organs.

The circulatory and respiratory organs present the greatest

differences in the various groups of the Arthropoda. In the

simplest case the clear, more rarely coloured blood fluid, which is

often corpusculated, fills the body cavity and the interstices of all
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the organs, and is circulated in an irregular manner by the move-

ments of the different parts of the body. Not unfrequently (Achtheres

and Cyclops) the circulation is effected by the regularly repeated

movements of certain organs (intestine, vibratile plates, etc.) ;
in

other cases, a short saccular heart is present dorsally above the

intestine
;
or a long vascular tube (the dorsal vessel), divided into

chambers, serves as a propelling organ. From this, vessels (arteries)

_^ may arise, which conduct the blood in

definite directions. Vessels for returning

the blood (veins) may also be present.

These either begin in the body cavity,

or are connected with the ends of the

arteries by capillary vessels. The vascular

system seems never to be completely

closed, since even when the circulation is

most complete, lacunar spaces of the body

cavity are found inserted in the course

of the vessels.

Respiration is very frequently effected,

especially in the smaller and more deli-

cate species of Arthropoda, by means of

the entire surface of the body. In the

larger aquatic forms, the function of respi-

ration is assumed by special tubular,

usually branched appendages of the limbs

(branchiae) ; while in the air-breathing

Insects, Centipedes, /Scorpions, and Spiders,

respiration is performed by means of in-

ternal branched tubes filled with air

(trachece) or by pulmonary sacs (fan

tracheae).

The reproduction of the Arthroy>oda is

usually sexual, but sometimes takes place

by the development of unfertilized ova

(parthenogenesis). Ovaries and testes are in

their origin paired, as are also the gene-
rative ducts, which often have a common terminal portion and

open by a median generative aperture (Insecta, Arachnoidea}. With

a few exceptions (Cirripedia, Tardigrada), the sexes are separate.

Males and females frequently differ essentially in their entire form

and organization. In rare cases, for example in the parasitic

FIG. 329. Alimentary canal of

Pontia brassier (after New-
port). 2t, Proboscis (Maxillae) ;

Sp, salivary glands ; Oe, oeso-

phagus ; 8, sucking stomach ;

My, ilalpighian tubes ; Ad,
rectum.
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Crustacea, there is such a marked sexual dimorphism that the males

remain small and dwarfed, and are attached like parasites to the

body of the female. During the act of copulation, which is often

limited to the external union of the two sexes, the spermatophores
are fastened to the female genital segment or thrust into the vagina

by the organ of copulation, whence they sometimes pass into a

special receptaculurn. seminis. Most Arthropoda are oviparous, but

in almost every group there are viviparous forms. The eggs are

frequently carried about by the mother, or deposited in protected

places where food may easily be obtained. The embryonic development

(i.e., development within the egg) is characterised, except in the case

of the small stout embryos of the Cyclopidce, Pentaslomidce and

Acarina, by the presence of a ventrally placed primitive streak, from

which especially the ganglionic chain and the ventral parts of the

segments proceed. The more or less complex embryonic development
is usually followed by a complicated metamorphosis, during which

the young form as larva undergoes several ecdyses. Numerous seg-

ments and parts present in the adult are not unfrequently wanting in

the just-hatched larva
;
in other cases, all the segments of the adult

are indeed present, but are not as yet fused together to form regions.

In such cases, the larvae resemble the Annelida in their homonomous

segmentation, and in their locomotion and mode of life. The meta-

morphosis may however be retrogressive ;
the larvse are hatched with

sense organs and appendages, but in the further course of develop-
ment they become parasitic, lose their eyes and organs of locomotion,

and develop into strange unsegmented (Lernceos) or entozoon-like

(Pentastomidce) forms.

The Arthropoda are no exception to the general rule that the

aquatic forms which breathe by gills are lower and, from a genetic

point of view, older than the air-breathing members of the same

group, inasmuch as the Branchiata or Crustacea are the older, the

Tracheata the younger types.

CLASS I.- CRUSTACEA.*

Aquatic Arthropoda, ii'hich breathe by means of gills. Thejf Jiave

two pairs of antennce ; numerous paired legs on the thorax, and

usually also on the abdomen.

* Milne Edwards.
'

Histoire naturelle dcs Crustaces," 3 vol. and atlas. 1S3S-

1840. C. Glaus,
" Untersuchuncren zur Erforschung dcr genealogischeii Grund-

laje des Crustaccensystems," Wien, 1S7G.
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The Crustacea, whose narae is derived from the Lody-covering

(which is often hardened), are principally aquatic animals. Some

forms, however, can live on land, and possess respiratory organs

adapted for breathing air. An important character of the group
is the great number of paired appendages. The appendages of all

the segments, even those of the head, may be used in locomotion

(fig. 330). As a rule, the head fuses with the thorax, or at any rate

with one or more of the thoracic segments, to form a cepludotliorax ;

which is followed by the remaining free thoracic segments. Some-

times, however, these two regions of the body remain distinct. The

head and thorax are seldom so sharply marked off from, one another

as, for example, in the Insecta : usually certain appendages, the

so-called maxillipeds, occupy an intermediate position between legs

and jaws, and being placed at the boundary between the two

regions may be rec-

koned either as be-

longing to the head

or the thorax. The

fusion of the seg-

ments may be very

extensive ; not only

may the head arid

thorax be united,

but the boundary be-

tween thorax and

abdomen may vanish,

and the segmentation

may even disappear. As a general rule, the form of the body

presents extraordinary differences in the various groups. A redupli-

cature of the skin arching over the thorax and covering the body as

a shell is frequently present. This fold of the integument constitutes,

in extreme cases, a mantle-like investment, which may develop

calcareous plates and occasion a certain resemblance to Lamelli-

branchs (Cirripedia). In other cases the body has quite lost its

segmentation, and the animal resembles a worm (Lernccce, Sacculina).

On the head there are usually two pairs of antennae, which

function as sense organs and sometimes also as organs of locomotion

or of prehension. There is a pair of large jaws (the mandibles'), one

on each side of the mouth, over which a small plate, known as the

upper lip, often projects. The mandibles are simple but very rigid

and hard masticating plates, which are usually toothed and correspond

Fl3. 330. Gammarus nerjhctus (after G. O. Sars). A', A",
The two antennae ; Ef, maxilliped ; F F\ first to seventh

thoracic feet ; Sf, anterior swimming feet.
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morphologically to the coxal joint of a limb, the following joints

developing into a palp-like appendage (mandibular palp). Then

follow one or more pairs of weaker jaws (maxillae), and one or

more pairs of maxillipeds, which more or less resemble the legs

and, in parasitic forms, are often used for adhering (fig. 331). In

parasitic forms, the upper and under lips not unfrequently give rise

to a suctorial proboscis, in which the styliform mandibles are placed.

The appendages of the thorax, of which at least three pairs are

present (Ostracodci), present an extremely various structure, in

accordance with the

mode of life and the

use made of them.

They are either broad

leaf - shaped swimming
feet (Phyllopoda), or bi-

rainous appendages

(Copepoda) ; they may
serve to produce currents

in the water like the

feet of the Cirripedia,

or they may be used for

crawling, walking, and

running (Isopoda, Deca-

poda). In the latter

case, some of them, end

with hooks or chelae.

Finally the appendages
of the abdomen, which

frequently itself moves

in toto and assists in

locomotion, are either

exclusively locomotory

as jumping or swim-

ming feet (Amphipoda),
in which case they usually differ from the appendages of the thorax ;

or they serve with their appendages for respiration, as well as for

carrying the eggs, and for copulation (Decapoda).

The internal organization is not less varied than is the external

form.

In the lower forms, the nervous system often consists of a

ganglionic mass, which surrounds the oesophagus and is not further

FIG. 331. Young stage Oarva) of the Lobster (after G.

O. Sars). a, The larva seen from the side ; It, ros-

trum ; A', A", antennae ; Kf" third maxilliped ;

F
', anterior ambulatory leg. b, mandible with palp ;

c. anterior maxilla with two blades and palp ; d, pos-

terior maxilla with vibratile plate (scaphognathite) ;

e, first,/, second maxilliped.
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segmented. This ganglionic mass corresponds to the brain and
ventral cord and gives off all the nerves. In the higher Crustacea,
a distinct brain and ventral ganglionic chain, which is visually

elongated and of very varied form, as well as a rich plexus of

visceral nerves and ganglia of the sympathetic system are always

present.

Of sense organs, eyes are the most widely distributed. They
may have the form either of simple eyes (paired or unpaired), or

compound eyes with smooth or faceted cornea
;
in the latter case

they are often placed on movable stalks, which are attached to the

lateral regions of the head. Auditory organs are also present usually
in the basal joint of the anterior antenna, rarely in the caudal plate
at the posterior end of the body (Jfysis). The delicate hairs and

filaments of the anterior antenna are probably olfactory organs.
The digestive canal is, as a rule, straight, extending from the

mouth to the anus at the posterior end of the body. In the higher
forms the oesophagus is usually dilated in front of the mesenteron

(rnidgut) into a stomach or crop, which is armed with chitinous

plates. The mesenteron is provided with simple or ramified

hepatic coeca.

Excretory organs. The so-called shell glands of the lower

Crustacea are regarded as urinary organs, as are also the glands

opening at the base of the posterior antenna in the Malacostraca.

In the Entomostraca the latter are only preserved during larval life.

Short tubes, which correspond to the Malpighian tubes of the

Tracheata, may also be present on the rectum (Amphipoda).
The circulatory organs present every possible degree of perfection,

from the greatest simplicity to the highest complication of an
almost closed system of arterial and venous vessels. The blood is

usually colourless, but is sometimes green or even red, and as a

rule contains cellular blood corpuscles.

Respiratory organs are either entirely* wanting, or are repre-
sented by branchial tubes on the thoracic or abdominal appendages.
In the first case they are often contained in a special branchial

cavity at the sides of the cephalothorax.

Generative organs. With the exception of the hermaphrodite

Cirripedia and Isopoda, all Crustacea are of separate sexes. The male

and female generative organs usually open on the boundary of the

thorax and abdomen, either on the last or the antepenultimate

thoracic ring, or on the first abdominal segment. The two sexes

are very often distinguished by a number of external characteristics.
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The males are smaller, sometimes even dwarfed, and then attached

to the females like parasites. They almost always possess appa-

ratuses for holding the females and for transferring the spermato-

phores during copulation. The larger females, on the other hand,

frequently carry the eggs about with them in sacs, the membranes

of which are secreted by the so-called cement glands.

Development takes place either directly or by metamorphosis.

The metamorphosis is sometimes retrogressive. "When the develop-

ment is direct, the young animals, on leaving the egg, already have

the body form of the adult. The larva known as the Nauplius

(fig. 332) is of great importance as a point of departure. This

larva possesses an oval body, on the ventral side of which are present

three pairs of appendages for the sense of taste, the prehension of

food, and for locomotion. These appendages correspond to the two

pairs of antenme and mandibles respectively. Parthenogenesis is

said to occur in certain groups (Phyllo-

poda).

Almost all Crustacea are carnivorous.

Some of them suck the juices of living

animals on which they are parasitic.

For the systematic review of this

heterogeneous group, it is convenient to

divide the numerous orders into two

FIG. 332. NanpHus larva of

Balanus, seen from the side.

A' First appendage (first an-

tenna); A!', second appendage
(second antenna) ; Mclf, third

appendage (mandible); Ob,

upper lip ; D, intestine.

series.

1. The small simply organized Crus-

tacea, the number and form, of whose

appendages is very various, will be in-

cluded as Entomostraca (0. Fr. Miiller).

To this group belong the orders Phyllo-

pcx.la, Ostracoda, Copepoda, and Cirripedta.

2. The higher Crustacea, characterised by a definite number of

segments and appendages, may be grouped together as Malacostraca

(Aristotle). In this group are included the orders of Arthrostraca

(Ampldpoda and Isopoda), and Thoracostraca (Cumacea Slomaiopoda,

Scldzopoda, and Decajmda').

In addition there is the genus Nebalia, which has been hitherto

erroneously placed with the Phyllopoda, but which is to be regarded

as the representative of an ancient group connecting the Phyttopoda

with the Malacoslraca, and may be opposed to the latter as Lept-

ostraca.

Finally, in addition to these chief divisions, there is a number
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of Crustacean orders, for the most part fossil and belonging to tlie

oldest formations, which present in their development no certain

trace of the Nauplius form so characteristic of the true Crustacea,

and are in all probability related to the Arachnoidea. These orders,

which may be grouped together as the Gigantostraca, are the

Jferostomata and Xiphosura, to which the Trilobitn are possibly allied.

1 . ENTOMOSTRACA.

Order 1. PIIYLLOPODA.*

Crustacea with elongated and often distinctly segmented body ;

usually with ajlat, shield-like carapace, or laterally compressed bivalve

shell, formed by a reduplicature of the, skin. There are, at least, four

pairs of leaf-like lobed swimming feet.

The animals belonging to this order differ very considerably in

form and size, in the number of their segments and appendages, as

well as in their internal structure. They all, however, agree in

the structure of their lobed, leaf-like feet. In their form, internal

organization and development they appear to be the most primitive

of Crustacea, and may be regarded as the least modified descendants

of ancient types.

The body is either cylindrical, elongated and clearly segmented,

without free reduplicature of the skin, e.g. Branchipus (fig. 333),

or it may be covered by a broad and flattened shield, which only

allows the posterior part of the body to project uncovered, e.g. Apus.

In other cases the body is laterally compressed and is enclosed by a

bivalve shell, from which the anterior part of the head projects

(Cladocera) ;
or finally the laterally compressed body is completely

covered by a bivalve shell (Estheridce). Sometimes the head is

more sharply distinct, while the thorax and abdomen are not so

clearly distinguishable from each other. As a rule, the posterior

segments only are without appendages. The hind end of the

abdomen is very often curved ventralwards and forwards, and

bears two rows of posteriorly directed claws, the two last of which

arise at the point of the caudal appendage, and are by far the

* Besides the works of 0. Fr. Miiller, Jurine, M. Edwards, Dana, compare
Zaddach,

" De Apodis cancriformis anatome et historia evolutionis," Bonnse,

1S41. E. Grube,
''

Bemerkungen liber die Phyilopoden," Arclnvfiir NatwrgetoTt,

1853 and 1855. Fr. Leydig,
"
Monographic der Daphniden," Tiibingcn, 1860.
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strongest. In other cases a pair of fin-like appendages are present

constituting the caudal fork (Branchipits).

Appendages. On the head there are two pairs of antennas, which

however, in the adult animal, may be rudimentary or peculiarly

modified. The anterior antenna? are small, and bear the delicate

olfactory hairs. The posterior antenna? frequently have the form

of large biramous swimming appendages, but in the male may also

have a prehensile function,

e.g., Branchipus. In other

cases (Apus) they are rudi-

mentary and may even be

enirely absent.

Two large mandibles are

always present beneath

the well developed upper

lip; they possess a toothed,

biting edge, and in the

fully developed condition

are invariably destitute of

palps. The mandibles are

followed by one or two

pairs of slightly developed

inaxillte. A kind of under-

lip is in many cases present,

in the form of two promi-

nencesbehind the mandibles

The legs, which are placed

on the thorax, are usually

very numerous, and are

smaller towards the poste-

rior end of the body. They
are lobed, leaf-like, bira-

mous structures, and func-

tion as swimming feet
;

they also assist in procuring
food. They consist of the

following parts: a short basal portion, which is usually provided with
a masticatory process and is followed by a long foliaceous stem with

setae on its inner edge ; this is continued into the multilobed internal

branch [endopodite] of the biramous limb, while it bears on its outer

de the external ramus [exopodite] with marginal sebp, and nearer

FIG. 333. Male of BrancTiiput sfagnalis. Kg, Heart
or dorsal vessel with a pair of slit-like openings
in each segment ; D, intestine

; M, mandible ; Sd,

shell gland ; Sr, branchial appendages of the

eleven pairs of legs ; T, testis.
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its base a vesicular branchial appendage. The anterior, or even all

the legs (Lepiodorci) raay have the form of prehensile feet, and

be destitute of branchial appendages.

The Phyllopods possess a large pair of eyes, which are sometimes

fused together in the median line. In addition a small median

simple eye (Entomostracan eye) may persist. They have a saccular

or chambered heart, which controls the regular circulation. Coiled

excretory organs, known as shell glands, are sometimes present ;

they open to the exterior by a special aperture on the posterior

maxilla. The function of respiration is performed by the entire

surface of the body, the area of which is much increased by the

reduplicature of the skin forming the carapace ;
also by the folia -

ceous swimming feet, and especially by the surface of the branchial

appendages.

Reproduction. The Phyllopodci are of separate sexes. The males

are distinguished from the females by the structure of the first

pair of antenna? which are larger and more richly provided ivith

olfactory hairs, and also by their anterior swimming feet whie'h

are armed with prehensile hooks. In general the males are tess fre-

,jently met with than are the females, and, as a rule, only at definite

seasons of the year. The females of the smaller Phyllopoda (Clado-

cerci)
are able to produce eggs without copulation and fertilisation ;

and these eggs, the so-called summer eggs, develop spontaneously and

produce generations containing no males. In certain genera of the

Sranchiopoda, e.g., Artemia and Apus, parthenogenesis is the rt*le ;

the males, indeed, have only been known a few years. The females

usually carry the eggs about with them on special appendages, or in

a .brood pouch beneath the shell on the dorsal surface. The just

hatched young either possess the form of the sexually mature animal

(Cladocerct), or undergo a complicated metamorphosis, leaving the egg
membranes as a nauplius larva with three pairs of appendages (Dran-

chiopoda).

A few of the Plnjllopoda live in the sea, the greater number

inhabit stagnant freshwater
;
some of them are found in brine pools.

Sub-order 1. Branchiopoda.* Phyllopoda, with clearly seg-

mented body, often enclosed in a fiat, shield-shaped, or laterally

compressed bivalved shell, with from ten to about thirty or more

pairs of foliaceous swimming feet.

*
Rcliiiffcr,

' Dcr krclwirti'jr Kirferfuss," etc. Re^cnsbunr. 17o6. A. Kozu
liuwski.

" Ucber den mannlichen Apus ranrrifnrmis," Archie fiir Natun/cxi'li,
Tom XXIII., 1857. C. Glaus,

" Zur Kcnntniss clcs Baues und der Entwickelung
von Hranchipws und Apus," etc., Gottingtn, 1873.
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The alimentary canal is provided with two lateral hepatic appen-

dages, which are, as a rule, branched and racemose and only excep-

tionally short and simple. The heart appears as an extended dorsal

vessel with numerous paired lateral slits, and may extend throughout

the whole length of the thorax and abdomen (Branchiims). The

genital organs, which are always paired, are placed by the side

of the alimentary canal, and open at the boundary between the

thorax and abdomen. In the females the genital openings are small

slits ; in the male there may be protrusible copulatory organs at the

openings (Uranchipus).
The males are distinguished from the females principally by the

fact that the anterior, or two anterior pairs of legs, are armed with

hooks' (.Estheridce), or by the modification of the posterior antenna?

to form a prehensile apparatus (Branchipus). Remarkable is the

rare occurrence of the males
; they seem only to appear under certain

conditions and in definite gsnerations, which alternate with parthe-

nogenetic generations. The eggs during development are generally

protected within the body of the mother, and are carried about either

in a saccular brood-pouch of the abdomen or between the valves of

the shell on filiform (Estheria, Branc/^ms}, or in vesicular (Apus)

appendages of different pairs of legs (9th to llth). Tho eggs, so far

as is known, undergo a complete segmentation. When hatched, the

young animal has the form of a Nauplius larva with three pairs

of appendages, of Avhich the anterior (which become the anterior

antennre) are in the Estheridce only represented by slightly de-

veloped setigerous prominences. On the other hand, in Apus the

third pair is small and rudimentary.

Almost all the Branchiopoda belong to inland waters, and prin-

cipally inhabit shallow fresh-water pools. When the latter dry up,

the eggs, preserved in dry mud, remain capable of development.

Some species, as Artemia salina, are found in brine pools.

BrancMjntspigciformis Schaff = B. stagnates L., without a shell, found in.

the lakes of Germany, together with AJJIIS cancriform/is. Ji. diaplianug Prev.,

France. Artentia salina L., in salt pools, near Trieste. Montpellier. They
sometimes lay eggs with a hard shell, sometimes they are viviparous. Ajmx
cancriformis Schiiff, with shield-shaped shell, Germany. The males, which are

rare, can he recognized by the normal formation of the eleventh pair of appen-

dages. They live in puddles and fresh-water lakes, together with Branchipus,
Estlicria cycladuldcs Joly L., with perfect shell.

Sub-order 2. Cladocera.* Water-fleas. Small laterally com-
* Besides the works already quoted, compare H. E. Strauss,

" JMemoire sur les

Daphina dc la classc des Crustacds," Mem. du JtfxK. d'hiit nat,, Tom V. and
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pressed PhyUopoda, whose body, with the exception of the bead,

which projects freely, is usually enclosed in a bivalve shell. They
have two large antenna?, which are used in swimming, and four to

six pairs of swimming feet.

The Cladocera are small simply organized Phyllopods, whose

resemblance to the larva? of
. the shelled Branchiopoda, particularly to

the larva of Estheria with its six pairs of legs, gives the best indica-

tion of the probable origin of the group. Unlike the anterior

antenna?, which are short, the posterior are modified to form

biramous swimming appendages beset with numerous long seta?.

The four to six pairs of legs are not always foliaceous swimming

feet, but in many cases have the form of cylindrical ambulatory

or prehensile appendages. The abdomen, which is ventrally flexed,

develops on its dorsal side several prominences, which serve to

close the brood pouch. It usually consists of three free segments,

as well as the terminal anal portion, which is beset with rows of

hooks. The anal portion begins with two dorsal tactile seta? and

ends with two hooks or styles, representing the caudal fork

(fig. 334).

The internal organization is simple in correspondence with the

small size of the body. The compound eyes fuse together in the

middle line to form a large, continually trembling, frontal eye, be-

neath which the unpaired simple eye usually remains. A special

sense apparatus, whose function is not quite clear, appears in the

region of the neck, in the form of an aggregation of ganglion

cells.

The heart has the form of an oval sac, with two transverse lateral

venous ostia and an anterior arterial opening. Its pulsations are

rhythmic, and succeed one another quickly. In spite of the want of

arteries and veins, the circulation of the blood, which contains amceboid

cells, is completed in definite tracts marked out by lacuna? and spaces

in the body. The looped and coiled shell gland is always present.

The cervical gland, which functions as an organ of attachment, is less

widely distributed. The sexual glands lie in the thorax as paired

VI. 1819 and 1820. Leydig.
"
Naturgeschichte der Daplmiden." Tubingen.

1860. P. E. Miiller, "Bidrag til Cladocererncs Fortplantings historic,"

Kjobenhavn, 18G8. G. 0. Sars,
" Om en dimorph Udvikling samt Generations

vexel hos Leptcxlm-a." Vitlcnuk. St'lxit. fork., 1873. A Weismann,
"
Beitrage

zur Kenntiss der Daplnioiden," I IV., Leipzig, 1876 and 1877. C. Glaus,
' Zur

Kenntiss der Organisation und des fcinereii Baucs der Daphniden, Zt-it.f. /..

zooL. Tom XXVII, 1876. C. Chins,
' Znr Kcnntniss dcs Banes und der Onrnni-

saton der Polyphcmiden," Wien. 1877. C. Grobben,
" Die Embryonalentwick-

clung von Moina rectirostris," Arbeiten au$ dcm zaol. vcnjl. anatoin. Institut.

1 1 Band, Wien, 1879.
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tubes by the side of the alimentary canal. In the ovaries groups
of four cells are separated ;

one cell of each group becomes an ovum,
while the rest are employed as nutritive cells for the nourishment of

the ovum, which increases in size and absorbs fat globules. The ovary
is directly continuous with the oviduct, which opens dorsally beneath

the shell into the brood-pouch. The testes, like the ovaries, lie at

the sides of the intestine and are continuous with the vasa deferentia,

D

FIG. 33t. T>ai>Tinia. C, Heart the slit-like opening of one side is visible; D, alimentary

canal; /, hepatic diverticulum ; A, anus ; O, cerebral ganglion ; O, eye ; Sd, shell gland ;

Br, brood-pouch beneath the dorsal reduplicature of the shell.

which open to the exterior ventrally behind the last pair of appen-

dages or at the extreme end of the body, the openings being some-

times situated on small slightly protrusible prominences.

The smaller males usuallyappear in the autumn
; they may, however,

also be present at any other time of the year, and, as recent investi-

gations have proved in a tolerably satisfactory manner, always when
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the conditions of life and nourishment are unfavourable. Before

the appearance of the males, hermaphrodite forms * sometimes make

their appearance with an organization which is half male and half

female.

At the season when males are not present, normally in the spring
and summer, the females produce the so-called summer eggs, which

contain a large quantity of oil globules and are surrounded by a

delicate vitelline membrane. They develop rapidly within the brood-

pouch between the shell and the dorsal surface of the mother, and

after the space of only a few days give rise to a fresh generation of

young Cladocera, which escape from the brood-pouch. The embryonic

development takes place accordingly under extremely favourable

conditions, which depend upon the rich supply of food yolk in the

large eggs, and are sometimes favoured by the secretion of additional

food material within the brood-pouch.

At the season when the males appear, the females, under the like

influence of unfavourable nourishment and independently of copu-

lation, begin to produce so-called winter eggs, which are incapable of

developing without fertilization. The number of these hard-shelled

winter eggs is always relatively small. They are, therefore, distin-

guished from the summer eggs by their larger size and the greater

quantity of food yolk ; and their origin in the ovary is accompanied

by much more extensive processes of absorption.

The Daphnidce live for the most part in fresh water. Certain

species inhabit deep inland lakes, brackish water, and the sea. They
swim quickly, and usually with a jumping movement. Some of them

attach themselves to solid surrounding objects by means of a dorsally

placed organ of attachment, the cervical gland. When the body
is thus fixed, the swimming feet seem to be able by their vibrations

to set up currents in Avhich small food particles are swept towards

the animal.

Sida crystallina 0. Fr. Miillcr. The six pairs of lamellar leers beset with

long swimming seta?. The rami of the swimming antenna? two- to three-jointed.

Daplmia pulcx De Geer. D. slma Liev. Five pairs of legs, of which the

anterior are more or less adapted for prehension. One ramus of the swimming
antenna; is three-jointed, the other four-jointed. Polypln-mns 2"'d'n'fnx De
Geer. In the lakes of Switzerland, Austria, and Scandinavia. Evadne Nordmanni

Loven, North Sea and Mediterranean. Li'ptodora liyalina Lillj., in lakes.

*
Compare especially W. Kurz,

" Ucher androgyne Missbildung bei Clado-

ceren," Sitziintj slier dcr Aliad. dcr Wlssenxch. Wlen, 1874. Also Schmanko
witsch.
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Order 2. OSTRACODA.*

Small, usually laterally compressed Entomostraca, with a bivalve

shell and seven pairs of appendages, whichfunction as antennce, jaws,

creeping and swimming legs. There is a pediform mandibular palp,

and a short abdomen.

The body of these small Crustacea is unsegmented and is completely

enclosed in a bivalve shell, which gives the animal a resemblance to

a mussel. The two valves of the shell join together in the middle

line, and are fastened together by an elastic ligament along the middle

third of the back. The action of this ligament is opposed by a two-

headed adductor muscle, which passes from one valve of the shell

to the other and causes impressions discernible from without. The

common tendon of the two heads of this muscle lies nearly in the

F Me" SM. Us Md, Ob

Fio. 335. Female Cypris before sexual maturity ; the ri^ht valve of the snell has been

removed, A', A", first and second pair of antenna;
; Ob, upper lip ; lft/

F mandible with

pediform palp ; G, cerebral ganglion with unpaired eye ; SAT, adductor muscle ; MX',
JLfx", first and second pair of maxillre ; F1

, F", first and second pair of feet ; Fu, caudal
fork

; 3f, stomach ; D, intestine
; Z, hepatic tube ; Ge, rudimentary penital organs.

middle of the body. The edges of the valves are free at both ends

and along the ventral side. In the marine Cypridinidce there is a

deep indentation in the edges of the valves, to allow the antenna? to

pass out. When the valves of the shell are open, several pediform

appendages can be protruded on the ventral side, which enable the

animal to move in the water either by crawling or by swimming.
* H. E. Strauss-Diirkheim,

" Memoire sur les Cypris de la classc des Crus-

taces," 3Km. du Mutt d'h ixt. nat., Tom VII., 1821. W. Zenker,
"
Monographic cler

Ostracoden," Arcltiv. fiir JTaturrfcseh.. Tom. XX.. 1854. C. Clans, "Rcitriigc
zur Kentniss der Ostracoden. Entwickelungsgcschichte von Cypris." Marburg.
1868. C. Glaus. " Neue Beobachtungen iiber Cypridincn," Zeitsctir. fiir mitt.

Tom XXIII. C. Claus. "Die Familie dor Halocypridcn." Schriften
rn Inhalt.t. Wicn, 1874. G. S. Brady,

" A Monograph of the Recent
British Ostracochi," Transact, of the Lin. <><?.,"Vol. XXVI.
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The abdomen can also be protruded ;
it either ends in a caudal fork

(Cypris and Cythere), or has the form of a plate armed with spines

and hooks on its posterior margin (Cypridina).

Appendages. The two pairs of antenna? are placed on the

anterior region of the body (fig. 336, A', A"), and are used as creep-

ing and swimming legs. In Cypridina, however, the anterior pair

is provided with olfactory hairs. The antennas of the second pair in

Cypris and Cythere resemble legs, and end with strong hooked

bristles, by help of which the animal can attach itself to surrounding

objects. In the exclusively marine Cypridinidce and Halocypridce
this pair of appendages has the form of biramous swimming feet,

which consist of a broad triangular basal plate, a many-jointed

endopodite beset with long swimming seta1
,
and a rudimentary

exopodite, which, however, is stronger in the male and furnished

with hooks of a considerable size.

In the region of the mouth beneath and to the side of a tolerably

large upper lip there are two powerful mandibles with a broad and

strongly toothed biting edge. The mandibular palps, which are

leg-like and elongated, are usually three-jointed and can be used as

legs (Mdf). In exceptional cases (Paradoxostoma), the mandibles

are styliform and are enclosed in a suctorial proboscis formed from

the upper and under lips.

The mandibles are folloAved by the first pair of maxilla?, which

are in all cases distinguished by the great development of their

basal portion and by the reduction of the palp. In the Cypridcv

and Cytheridce the basal joint of the first maxilla bears a large

comb-like setose plate, which by its swinging movements aids the

function of respiration, but does not itself function as a gill. A
similar branchial plate may also occur on the two following appen-

dages (the 5th and 6th pair), which sometimes have the form of

jaws, sometimes of legs. The anterior of these appendages (maxilla

of the second pair or better maxilliped, fig. 336, MX") functions, in

Cypris, chiefly as a jaw, but bears, besides the rudimentary bran-

chial appendage, a short, backwardly directed, usually two-jointed

palp, which, however, in certain genera and in Halocyprls becomes a

short, three-jointed or even four-jointed leg. In Cythere it acts ex-

clusively as a leg, and represents the first of the three pairs of legs

present in this animal. In the Cypridina, however, it has completely

the form of a jaw, and is provided with an enormously developed

branchial plate (fig. 336 a, MX"). The appendage of the sixth pair

is usually modified to an elongated, many-jointed, creeping and ad-
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hering foot. The appendage of the seventh pair is always elongated

to the form of a leg ;
in Cythera it is formed like the preceding one,

A' F"

FlO. 33C. Cypridlna mediterranco. a, Female ; b, male. M, Stomach ; H. heart ;

adductor muscle
; O, eye ; O', unpaired eye ; G, brain ; Sfz, frontal organ ; T, testis ;

P, copulatory organ ; AM/, mandibular palp; 3fx', first maxilla; AIx 1

', second maxilla ;

Fu, caudal fork.

but in Cypris it is curved upwards, and is furnished with a short

claw and terminal setse. It has probably the same function (Putzfuss)
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as the long cylindrical appendage of Cypridina, winch arises In place

of the seventh pair of legs, almost on the back of this animal.

The nervous system consists of a bilobed cerebral ganglion and

a ventral chain with closely approximated pairs of ganglia, which

may unite to form a single ganglionic mass.

Sense organs. In addition to the already mentioned olfactory hairs

there is a median eye (Gypris, Cythere), composed of two (often

separated) halves ; or there are, in addition to a small unpaired eye,

two larger compound and movable lateral eyes (Cypridina). In

Halocypris and Cypridina there is a frontal appendage, which

probably functions as a sense organ.

Alimentary canal. The mouth, which is frequently (Cypris)

armed with toothed lateral bands, leads through a narrow resophagus

into a dilated crop-like portion of the alimentary canal. This is

followed by a broad and long stomach, provided with two long

lateral hepatic tubes, which

project into the lamellae of

the shell. The anus opens at

the base of the abdomen (fig.

337). Of special glands a

club-shaped, dilated glandular
tube (poison-glands ?)

found

in Cythere must be mentioned,

T- the duct of which opens to
FIG. 33/ . Alimentary canal and generative

organs of a female Cypris (after W. Zenker). the exterior through a spinous
Oc, ossophagus : PF, crop; T* stomach ; D, i ,1 ,

intestine; x] liver ; Or, ovary ; ,W/, adductor appendage <>f the posterior

muscle; R receptaculum ; Vu, vulva; Fa, antennse.
caudal fork. . , , . _,A neart is present in Cypri-

dina and Halocypris on the dorsal surface, where the shell is con-

nected to the animal. The function of respiration is performed

by the whole surface of the body, over which an uninterrupted
current of water is maintained by the swinging movements of

the leaf-shaped setose branchial appendages. In many Cypridinidw

(Asterojye) there is a double row of branchial tubes on the back,

near the last pair of appendages.
Generative organs. The sexes are always separate and are dis-

tinguished by well marked differences in their entire structure. The

males, in addition to the greater development of the organs of sense,

possess apparatuses on different appendages in Cypridina on the

second antennae, in Cypris on the maxilliped for holding tho

females
;
or a pair of legs may be completely modified for this pur-
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pose. In addition a large copulatory organ, which may be derived

from a modified pair of appendages and often possesses a very compli-

cated structure, is always present. The male genital organs consist

on either side of several elongated or globular testes, of a vas deferens

and the copulatory organ ;
the presence in Cypris of a very peculiar

paired mucous gland and the size and form of the spermatozoa seem to

be worthy of notice (Zenker). The female of Cypris possesses two

ovarian tubes which project into the reduplicature of the carapace,

two receptaoula seminis, and the same number of genital openings at

the base of the abdomen.

Development. The greater number of Ostracoda lays eggs, which

they either attach to water-plants (Cypris}, or, as in Cypridina,

carry about with them between the shell valves until the young are

hatched. The free development of Cypris consists of a complicated

metamorphosis. The larvae, when hatched, possess, like the Nauplius

form, only three pairs of appendages,

but are strongly compressed laterally, and

are already enclosed in a thin bivalve

shell
(fig. 338). In the marine Ostracoda

the development is simplified, so that the

metamorphosis is entirely absent.

The Ostracoda feed altogether on ani-

mal matter, as it seems especially on the

carcasses of different aquatic animals. FIG. 338. Very youn;? larva of

Numerous fossil forms are known from ^)n> - N'mpUtM stage, with

three fairs of appendages.
almost all formations, but, unfortunately, M, stomach; D, intestine;

only the remains of their shells are pre- j^f'**

served. mandible.

Cypridina. "With heart and large movable paired eye. With deep excava-

tion in the edges of the shell for the passage of the antennae. The anterior

antennas are bent, furnished with strong seta:, and have olfactory hairs at their

extremity. The posterior antenna; are biramous swimming feet. The biting

part of the mandible is weak or entirely aborted
; palp is five-jointed, pediform,

and of considerable length. The seventh pair of appendages is represented by
a cylindrical ringed appendage (Putzfuss). Cypridina meditcrranca Costa.

Astcropc olilonga Gr., Trieste. Haloeypris Dana.

Cytlicre O. Fr. Mull. Without heart. The anterior antennas are bent at

their base and beset with short seta;. The posterior antennas arc strongly

developed, with hooks on the terminal joint. Three pairs of legs, of which the

last is the most strongly developed. The abdomen has only the caudal fork, of

which the two branches are small and lobe-like. The testes and ovaries do not

project between the lamella? of the carapace. The male genital apparatus has

no mucous eland. They are all marine animals. The females often carry the



423 CEUSTACEA.

eggs and embryos about between the valves of the shell. Cythere Intea 0. Fr.

Miiller, North Seas and Mediterranean. C. viridls 0. Fr. Mull., Xorth Seas.

Cypris 0. Fr. Mull. With median eye, but no heart. The shell valves are

light but strong, the anterior antennas have usually seven joints and are beset

with long setaa. The antenna of the second pair is simple and pcdiform. with

usually sis joints. There are two pairs of legs, of which the posterior smaller

pair is bent upwards towards the dorsal surface. The caudal fork is very narrow

and elongated, and is provided with hooked sette at the point. The testes and

ovaries project between the lamella? of the shell. The male genital appa-
raias has a peculiar mucous gland. Most of them inhabit fresh water.

CijprIsfvsca Str., C. patera 0. Fr. Miill., C.fuscata Jur., and others. Nutodromus

ntunachus 0. Fr. Miill.

Order 3. COPEPODA. *

Entomostraca with elongated, usually well segmented body, without

shell-forming reduplicature of the skin, with biramous swimmingfeet ;
the abdomen is without appendages.

The group of the Copepoda includes a number of very clifferent

forms. The non-parasitic members of the groups are distinguished

by a constant number of segments and paired appendages. The

numerous parasitic forms differ in various degrees from those which

lead an independent life
;
in extreme cases some of them are so

modified, that without a knowledge of their development and the

peculiarities of their structure, they would rather be taken for

parasitic Worms than for Arthropods. The characteristic swimming
feet are, however, usually retained, though often reduced in number,

as rudimentary or modified appendages. When they are absent, the

developmental history gives a certain indication of the Copepod
nature.

Appendages. The head seems as a rule to fuse with the first

thoracic segment ;
and the cephalothorax so formed bears two pairs

of antennfe, a pair of mandibles, the same number of maxilla1

,
and

four maxillipeds, which last are only the external and internal branches

of a single pair of appendages (fig. 341) ;
and finally the first pair of

swimming feet, which are not unfrequently modified in form. Then

come four free thoracic segments, each with a pair of swimming feet,

of which the last pair is frequently reduced and in the male may
be modified to assist in copulation. Finally, the fifth pair of feet and

* 0. Fr. Miiller,
" Entomostraca seu Insecta testacea. qune in aquis Paniae et

Norvegias reperit. dcscripsit," Lipsiae, 178"). Jurine. " Histoire des Monocles,"
Geneve, 1820. W. Lilljeborg,

" Crustacea ex ordinibus tribus : Cladocera.

Ostracoda et Copcpoda, in Scania occurrentibus," Lund., 1853. C. Glaus,
" Zur

Morphologic der Copepoden," Wiirzb. ///it tit-trim*. Zntsclir., 1860. C. Claus.,
freiicbcnrlen Copepoden," Leipzig, 1803.
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the corresponding thoracic segment may be entirely absent. The
abdomen as well as the thorax consists of five segments, but is with-

out appendages and ends in a caudal fork, the branches of which are

furnished at their points with several long caudal sette
(fig. 339).

In the female, the two first abdominal segments usually unite to

form a double genital segment, on which the genital openings are

placed. The abdomen, especially in the parasitic forms, very fre-

quently undergoes a considerable reduction.

FIG. 339. Female of Cyclops coronalus, seen FIG. S10. An antenna of the male of

from the dorsal surface. D, intestine ; OvS, Cyclops serrtiJatus. Sf, olfactory hairs .

ovisacs ; A', A' 1

, antennas. M, muscles.

The anterior antennae, which are usually many-jointed, bear olfac-

tory hairs, but serve in the free-swimming forms for locomotion, and

in the male as prehensile arms for catching and holding the female

during copulation (fig. 340). The posterior antennae are always

shorter, and not unfrequently bifurcated and adapted for clinging
to surrounding objects. With regard to the oral appendages
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(fig. 341), two toothed, usually palped mandibles are placed be-

neath the upper lip. These function in the free-living Copepocla as

masticatory organs, but in the parasitic forms are usually trans-

formed into pointed styliform rods, which are used for piercing.

In this case they are frequently placed in a suctorial tube formed by
the junction of the upper and under lips. The two jaws which

follow the mandibles are weaker biting plates, and in the parasitic

Copepoda are reduced to small palp-like protuberances. The maxil-

lipeds, on the contrary, are much longer ;

they are xised to procure food and, especially

in the parasitic forms, to attach the body.

The thoracic swimming feet consist of a

two-jointed basal portion, and two three-

jointed setigerous swimming rami, which

are comparable to broad swimming plates.

In the Argulidce these rami are much

elongated, and by their numerous joints

approximate to the legs of the Cirripedia.

Nervous System. In all cases there is

a brain giving off sensory nerves, and also

a ventral cord, which either develops

some ganglia in its course or is concen-

trated to a common subcesophageal gan-

glionic mass. Of sense organs the median

frontal eye, divided into three parts (Cy-

clops eye), is pretty generally present.

The tactile sense is specially localized in

the setse of the anterior antennae, but is

probably also present in many other parts

of the body. Olfactory hairs are pre-

sent as delicate appendages of the an-

terior antennae, principally in the male

sex.

The alimentary canal is divided into

a short narrow oesophagus, a wide sto-

mach which often has two blind diverticula near its commence-

ment, and a narrow rectum Avhich opens on the dorsal surface of the

last abdominal segment. The surface of the intestine often seems

to perform the function of a urinary organ. "We find, however,

at the same time a shell gland in the cephalo-thorax at the sides of

the maxillipeds. In all cases the whole surface of the body performs

FIG. 3-11. Mouth ji;irts of

Cyclops. 37, Mandibles
; A/a-,

maxilla; Sf', internal; -&"/"',

external maxilliped.
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the respiratory function. Circulatory organs are either replaced

by the regular oscillations of the intestinal canal (Cyclops^ Achtheres),

or there is present in the anterior part of the thorax above the intes-

tine (Calanidce) a short saccular heart, which may even be continued

into a cephalic artery (Calanella) (fig. 53).

Generative organs. The Copcpoda are of separate sexes. Both

kinds of genital organs lie in the cephalothorax and in the thoracic

segments, and open right and left on the basal segment of the

abdomen. Sexual differences in the form and structure of the

different parts of the body are almost uniformly found. These lead

I

FIG. 312. Metamorphosis of Cyclops, a, Nauplius larva of Cyclops serrulntits after hatching.
b, Older stage strongly magnified, c, Very young Cyclops form. SD, antennal glands ;

OI, upper lip ; J/f, mandibular foot
; Md, mandible ; JUor, maxilla, 3fxf, maxillipcd ;

F, JP", first and second swimming feet ; He, urinary concretions ; D, intestine ; Ail,

rectum ; A, anus ; G, rudimentary genital organs.

in certain parasitic Copepoda (Cliondracantliidie, Lernwopodidce) to

an extremely striking dimorphism. The males are smaller and

move with greater facility ; the anterior antenna? and the last pair

of feet become accessory copulatory organs, the former serving to

hold the female, the latter to affix the spermatophores. The sper-

matophores are formed in the vas deferens by a mucous secretion

which surrounds the seminal mass and hardens to a tough mem-
brane. The females are larger than the males and often move
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SD

more clumsily ; they carry the eggs about with them in sacs, placed

to the right and left on the abdomen. Many of them possess a

cement gland at the end of the oviduct ; the secretion of this gland

passes out with the eggs and gives rise to the stiff covering of the

ovisacs. During copulation, which is only an external approximation

of the two sexes, the male fastens one or more spermatophores on to

the genital segment of the female, and, indeed, on to special openings

through which the spermatozoa pass into the receptaculum seminis,

and fertilize the ova either within

the body of the mother, or as they

pass out into the developing ovisacs.

Development takes place by means

of a complicated metamorphosis,

which, in many parasitic forms, is

a retrograde one. The larvae, when

hatched, have the Nauplius form,

with an unpaired frontal eye and

three pairs of appendages. Hocked

setfe on the second and third pairs

of appendages serve to conduct the

food into the mouth, which is

covered by a large upper lip (fig.

342, ).
The posterior region of the

bod}' is destitute of appendages,
and terminates with two setse at the

sides of the anus
;

it corresponds to

the thorax and abdomen, which are

as yet undifferentiated.

The alterations undergone by the

young larva? in the course of their

further growth are connected with

a number of successive moults, and

consist principally in an elongation

of the body and the appearance of

fresh appendages. Even in the next larval stage (fig 342, b),

a fourth pair of appendages, the future maxilla?, makes its ap-

pearance behind the three original pairs, which develop into the

antenna? and mandibles. In a later stage three fresh pairs of

appendages are formed. Of these the first corresponds to the

maxillipeds, while the two last pairs represent the first rudiments

of the anterior swimming feet. In this stage (Metanaupliux) (fig.

FIG. 343. MetanaupllQS n? CycJopglne.

O, eye ; G, rudimentary genital

organs; SD, anteunal gland; -^-',A'',

antenna? ; Mil, mandible
; Ji/j', max-

illa
;
IIf, maxilliped.
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343), the larva still resembles a Nauplius, and it is only after another

rnoult that it is transformed into the first Cyclops-like form. It

then resembles the adult animal in the structure of the antennse and

mouth parts, although the number of the appendages and the body

rings is smaller (fig. 342, c).
The two last pairs of appendages already

have the form of short biramous swimming feet, and the rudiments

of the third and fouth pairs of swimming feet have made their

appearance as projections beset with setse. The body consists in this

stage of the oval cephalothorax ; the second, third and fourth thoracic

segments ; and an elongated terminal portion, which gives rise to the

last thoracic segment, and to all the abdominal segments by a pro-

gressive segmentation, and already terminates in the caudal fork.

FIG. 344. Adheres percarum. a, Nauplius form, b, Larva in the youngest Cyclops stage;
Ef, Ef", maxillipeds. c, Female seen from the ventral side. Ov, Ovaries

; KD, cement
glands, d, The smaller male seen from the side ; Mxf, Mxf", maxillipeds.

Many forms of parasitic Gopepoda, for example Lernanthropus
and Chondracanthus, do not get beyond this stage of body segmenta-
tion, and obtain neither the swimming feet of the third and fourth

pairs, nor a fifth thoracic segment separate from the stump-like

abdomen; others, for example Achtheres, by the loss of the two anterior

pairs of swimming feet, sink back to a still lower stage (fig. 344).
All the non -parasitic and many of the parasitic Gopepoda pass

in the successive moults through a larger or smaller number of de-

velopmental stages, in which the still undeveloped segments and

appendages make their appearance, and the appendages already

28
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present undergo further segmentation. Many parasitic Copepoda,

nowever, pass over the series of Nauplius forms, and the larva, as

soon as hatched, undergoes a moult, and appears at once in the

youngest Cyclops form, with antennae adapted for adhering and

mouth parts for piercing (fig. 344). From this stage they undergo
a retrogressive metamorphosis,
in which they become attached

to a host, lose more or less com-

pletely the segmentation of the

body which grows irregular

in shape, cast off their swim-

ming feet, and even lose the

eye, which was originally pre-

sent (Lernceopoda). The

males, however, in such cases

often remain small and

dwarfed, and adhere (fre-

qiiently more than one) firmly

to the body of the female in

the region of the genital open-

ing (fig. 345).

In the Lerncea (fig. 346)
such pigmy males were for a

long time vainly sought for

upon the very peculiarly

shaped body of the large female

(fig. 346, c, d) which carries

egg tubes. At last it Avas

discovered that the small

cyclops-like males
(fig. 346, a),

lead an independent life, and

swim about freely by means

of their four pairs of swim-
FIG. 315. The two sexual animals of Chandra^,

eanthvg ffibboxux magnified about six diameters.

a, Female seen from the side; b, from the

ventral surface with adhering male ; c, male

strongly magnified. An', Anterior antenna?;

An'', antenna; for attachment; F', F", the

two pairs of feet; A, eye; Ot>, egg-tubes ;

Oe, oesophagus ; D, intestine ; Jl/, mouth

parts ; T, testis ; Vd, vas deferens ; Sp,

spennatophore.

ming feet
;
and that the fe-

males
(fig. 436, b), in the

copulatory stage resemble the

males, and that it is only

after copulation that they

(the females) become parasitic

and undergo the considerable

increase in size and modification of form which characterises the

female with egg-tubes.
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1. Sub-order: Eucopepoda.

Copepoda with swimming feet, the rami of which are two or three

jointed. They have biting or piercing and sucking mouth parts.

1. Gnathostomata. For the most part non-parasitic j
oral apparatus

adapted for mastication
; fully segmented body.

Fam. Cyclopidae. Mostly fresh-water animals, without a heart, and with a

simple eye. The second pair of antennae are four-jointed and never biramous.

The feet of the fifth pair are rudi-

mentary in both sexes. The male ,

emploj's the anterior antennae for

prehension. Cyclops coronatu*

Cls., Ginthocamptus minutus Cls.,

IJarpacticiis clidifer 0. Fr. Miill.,

North Sea.

Fam. Calanidae. The anterior

antennae are very long, only one

of them is modified for prehension.

The posterior antennas are bira-

mous. Heart always present. The

feet of the fifth pair are, in the

male, modified to assist in copula-

tion. CctocJtilits septentrionalix

Goods., J)i.aptomus castor Jur.

Irenatits Patersonii Tempi.
Fam. Notodelphyidae. Structure

of body like that of the Cyclopidcc.

The posterior antennae modified

for attachment. The two last tho-

racic segments are fused in the

female and form a brood cavity for

the reception of the eggs. They
live in the branchial cavity of As-

cidians. NotoddpJiys ay His Thor.

2. Parasita* (Siphonosto-

mata). Mouth parts adapted

for piercing and sucking,

usually with incomplete seg-

mentation of the body and

reduced abdomen.

The posterior antennae and

maxillipeds end with hooks

for attachment. Some of

FIG. 346. Lcrutea branchialii. a, Male (about.

2 to 3 mm. long). Oc, Eye ; <7, brain ; T,
testis ; M, stomach ;

P1 to F' r
, the four pairs

of swimming feet; Sp, spermatophore sac. t,

Female (5 to 6 mm. long at the time of

copulation). A', A", the two pairs of an-

tennae ; D, intestine ; -R, proboscis ; Hrf,

maxilliped. c, Female of Lerntta branchialis

after copulation undergoing metamorphosis ;

d, the same with egg sacs, natural size.

* Besides Steenstrup and Lutken I.e. compare A.v. Nordmann,
" Mikro-

graphische Beitrage zur Naturgeschichte der wirbellosen Thiere," Berlin, 1832.

11. Burmcister,
"
Beschreibung einiger neuen und wenig bckannten Schmarob-
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them still swim freely, but most of them live on the gills, in the

pharynx, and on the outer skin of fishes. Some live within the

tissues of their host (Penella), and nourish themselves on the blood

and juices of the latter.

Fam. Corycaeidae. Anterior antennas short, few jointed, and similar in both

sexes. The posterior antennae unbranched, with clasping hooks, usually differ-

ent according to the sex. Mouth parts often arranged for piercing. Median

eye and lateral eyes often present. They live partly as temporary parasites.

Corycorns elongatus Cls., SappJtirina fitlgens Thomps.
Fam. Chondracanthidse. Body elongated, often without distinct segmenta-

tion, and furnished with pointed outgrowths. Abdomen stump-like. The two

anterior pair of swimming feet are represented by bifid lobes, the others are

wanting. There is no suctorial proboscis, the mandibles are sickle-shaped. The

pear-shaped males are small and dwarfed, and attached, often in pairs, to the

body of the female. Chandra onntlius gibbostis Kr. (on Lophius). Ch. cornutiis

0. Fr. Milll., on flat fish (Pleuronectidaf) (fig. 345).

Fam. Caligidse. Body flat, with shield-like cej)htilotJiora.r, and very large

genital segment which in the female is especially swollen. Abdomen, on

the contrary, is small and more or less reduced. There is a suctorial tube and

styliform inandibles. Four paired biramous swimming feet enable the animal

to swim rapidly. They live on the gills and the skin of marine fish, and the

females have long string-like egg tubes. Calif/us rajw-c Edw., Cecrojw Latreillii

Leach.

Fam. Lernseidae. The body of the female vermiform or rod-shaped ; unseg-

mented, with outgrowths and processes 011 the head. Mouth parts piercing
with suctorial tube. There are four pairs of small swimming feet. The females

become attached to fishes, in which the anterior part of their body is buried.

Lcrnaioccra cyprlnacea L., Penclla, stigitta L., Lerncea, ItranclriaUs L.

(fig. 346).

Fam. Lernseopodidae. Body separated into head and thorax, abdomen

rudimentary. Mouth parts piercing with suctorial tube. The external maxilli-

peds attain a considerable size, and in the female unite at their points so as to

form a single organ of attachment, by means of which the animal adheres

permanently. Swimming feet completely absent. The males, which are more

or less dwarfed, have large free clasping feet, and are, like the females, without

swimming feet. Achtlicres jterca/rwm Nordm. (fig. 344). Anchorella uncinata

0. Fr. Mull, (on species of Gadus).

2. Sub-order : Branchiura.*

Carp-lice. With large compound eyes, and long protrusible spine

in front of the suctorial tube of the mouth ; with four pairs of elon-

gated biramous swimming feet.

zerkrebse," Nova acta Ac. Ccex. Leap., Tom XVII., 1835. C. Claus,
" Ueber den

Bau und die Entwickelung von Achtheres percarum," Zeitsehr fur wisx. ZoL.
1861. C. Claus,

"
Beobachtungen liber Lcrnreocera, etc., Marburg, 1868.

*
Jurinc,

" Memoire sur 1'Argule foliace," Annales du Musi'iim d'l/ixf.

nat., Tom. VII., 1806. Fr. Leydig,
' Ucbcr Argulus foliaceus," Zcitschrfiir n-iss.

Zool., Tom II., 1850. E. Comalia. "
Sopra una nuova specie di crostacci sifonos-

tomi," Milano, 1860. C. Claus,
" Ueber die Entwickelung, Organization und

systcmatischc Stcllung dcr Arguliden," ZeitscTwfur miss. Zot>J.,Tom XXV., 1875.
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The Branchiura are often placed near the Caligidce, but they differ

from them and from the true Copepoda in several essential particulars.

In the general body form they certainly resemble the Caligidce

except in the hind part of the body, which is split into two plates

(caudal fins). Their internal structure, however, and the structure

of the appendages distinguish them from the above-mentioned

parasitic Crustacea. A large suctorial tube projects above the mouth,

and in it are concealed finely serrated mandibles and styliforrn

maxilla?. A little above this proboscis there is inserted a long

cylindrical tube, which terminates in a retractile styliforrn spine, and

contains

pair of

the

glandular
A'

ducts of a

tubes

said to be poison glands.

Powerful organs of attach-

ment are placed on each

side of and beneath the

mouth
; they consist of

two parts (1) of an an-

terior pair of appendages
which correspond to the

anterior maxillipeds and

are in Aryulus modified

into large sucking discs, the

hook-bearing terminal por-

tion being reduced ; and (2)

of a posterior pair, which

corresponds to the second

pair of maxillipeds, and is

provided with numerous

spines on its broad basal

portion, a tactile protube-

rance and two curved termi-

nal claws at its extremity.

Next to these come the four paired swimming feet of the thoracic re-

gion, which, with the exception of the last, are, as a rule, covered by the

sides of the cephalo-thoracic shield. Each of these consists of a large

many-jointed basal portion, and two much narrower ranii, which are

beset with long swimming setse and in their form and setigerous

investment are not unlike the biramous appendages of the Cirripedia,

being like them derived from the Copepod-like feet of the larva

(fig. 347).

FIG. 317. Young male of ArytJus foliaccvt. A',

Anterior antennae ; Sg, sucker (anterior maxilli-

ped) ; Kf", maxilliped ; Sf, swimming feet,

21, rostrum ; St, spine ; D, intestine ; T, tcstes.
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The internal organization recalls that of the Phyllopoda. The

nervous system is distinguished by the great size of the cerebral

ganglion, and by the ventral chain composed of six closely approxi-

mated ganglia, In addition to two large compound lateral eyes,

there is present an unpaired tri-lobed median eye. The alimentary
canal consists of a short arched ascending oesophagus, a wide stomach

with two lateral ramified appendages, and a rectum which runs

directly backwards and opens to the exterior in the median indenta-

tion of the caudal fin above the two plates, which correspond to the

caudal fork. There are two lateral slit-like apertures in the heart,

and a long aorta. The entire surface of the cephalothorax functions

as a respiratory organ. There seems, however, always to be a

specially strong current of blood in the caudal fin, so that this part

of the body may be regarded as a sort of gill.

Reproduction. The small, more agile male possesses peculiar copu-

latory appendages on the posterior swimming feet. The females do

not carry their eggs about in sacs in the typical Copepod manner,
but fasten them to surrounding objects. The vitelline membrane of

the deposited eggs acquires a vesicular consistence. The young are

hatched as larvae, and undergo a metamorphosis.

Fam. Argulidae, Carp-lice. Arffiilus 0. Fr. Mull. The anterior pair of

maxillipeds modified into large suckers. There is a styliform spine apparatus.

A.foliaceus L. (Pou de poissons, Baldner) parasitic on Carps and Sticklebacks.

A. coregoni Thor., A r/iganti-iis Luc., Gyi'ojji'Jtis Hell. The rnaxillipeds end in a

claw
; styliform spine absent. G. Kollari Hell, parasitic on the branchiae of

Ilydrocyon, Brazil. G. Dora (? is Corn.

Order 4. CIRRIPEDIA.*

Fixed, and for the most part hermaphrodite Crustacea ivith indis-

tinctly segmented body enclosed by a reduplication of the skin, and a

calcareous valved shell. As a rule, there are six pairs of biramous

thoracic appendages.

On account of the resemblance of their shell to that of the mussels,

the Cirripedia were held -to be Molluscs until Thompson and

Burmeister, by the discovery of their larva-, satisfactorily proved that

they belong to the Entomostraca. They are enclosed in a niussel-

*
Compare S. V. Thompson,

"
Zoological researches," Tom. I., 1829. H.

Burmeister, "Beitrage zur Naturgeschichte der liankenfiisslcr." 1832. Ch.

Darwin, "A monograph of the Sub-Class Cirripcdia," 2 vol., London, 1851-1854.
A Krohn,

"
Beobachtungcn iibcr die Entwickclmiir der Cirri pedien," Archiv

fur Natvrgcsch 1800. C. Claus,
" Die Cypris-iilmlichc Larve der Cirripcdien,

etc," Marburg, 186'J. \\. Kossmauu,
" Suctoria und Lepadiua," Wurzburg,

1873.
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like shell composed of several (4, 5 or more) pieces. These pieces,

which originate by the deposition of calcareous matter in the chi-

tinous covering of a large reduplicature of the skin (mantle), are

distinguished as scuta, terga, and carina. The animal is invariably
fixed by the anterior end of the head, which in the Lepadidce (fig.

348, ) may be drawn out into a long stalk projecting freely from
the shell. In the Bcdanidce., which are without the stalk

(fig. 348, b),

the body is surrounded by an external calcareous tube, usually com-

posed of six pieces; the aperture of the tube 'is closed by a sort of

operculum formed of calcareous plates lying inside
(fig. 348, ft).

In

Te

FIG. 348 a, Lepas nfter removal of the right shell. A', Anterior antennse at the end of the

stalk ; C, carina ; Te, ter^um ; Sc, scutum ; We, oral cone ; -F, caudal fork ; P, cirrus or

penis ; M, muscle. I, Bulanui tintiniiabu.lum (after Ch. Darwin), one-half of the sbell has

been removed; Tu, Section of the outer shell ; Oo, ovary; CM, oviduct; Oe, opening of

oviduct; Ad, adductor muscle ; -Sc, scutum; Te, tergum; A', anterior antenna;.

both cases the attachment is effected principally by the hardening of

the secretion of the so-called cement gland, which opens on the

penultimate joint of the small and delicate anterior antennse; this

joint being dilated to form a sort of sucker. The body, which is

surrounded by the mantle and its shell-plates, lies with its hinder

region stretched upwards so that the appendages, which are used to

cause cm-rents in the water, may be protruded from the slit-like

space left on the ventral side between the paired scuta and terga,

Appendages and external features. A head with antennae and
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Cf.

jaws can be distinguished from the region of the body (thorax) bearing

the biranious appendages, but there is no distinct boundary between

these two regions. The anus is situated at the extremity of the

small stump-like abdomen, which succeeds the thorax and is often

only indicated by two caudal appendages. Posterior antenna? are in-

variably absent, while the anterior pair persists, even in the adult, as

small organs of attachment. The oral apparatus is situated on a

ventral prominence of the cephalic region, and consists of an upper

lip with palps, two mandibles and four inaxillse, of which the two

last unite to form a sort of under lip. On the thorax there are

usually six pairs of many-jointed

biramous appendages, the elongated

cirriforrn rami of which are richly

beset with hairs and seta3 and

serve to set up currents in the

water in which the particles of food

are brought to the animal. The

stump-shaped abdomen bears an

elongated cirrus, which is bent to-

wards the ventral surface between

the thoracic appendages, and con-

stitutes the male copulatory organ.

There are numerous and very pecu-

liar variations in the shape of the

whole body. Not only may the de-

position of calcareous matter in the

mantle be wanting, and the bira-

mous thoracic appendages be reduced

in number or even absent, but the

mouth parts and the appendages

may also be lost (Peltogastridce),

and the body may be reduced to

the form of an unsegmented tube,

sac, or lobed disc.

Nervous system and sense

organs. The Cirripedia possess a paired cerebral ganglion and a

ventral chain of ganglia, of which there are usually five pairs, but

which are sometimes fused to a common ganglion mass (Balanidce).

There is a double eye, which, although rudimentary, corresponds

to the unpaired Nauplius eye.

An alimentary canal is absent only in the Rhiza/cephaki. In the

Fio. 349. The organization of Lepas,

after removal of the integument.

Cd, Cement gland and duct
; L,

liver ; T, testis ; Vd, vas deferens ; Or,

ovary ; Od, oviduct ; Cf, thoracic

appendages. Other letters as in

fig. 34S.
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LepaclidcK and the Balanidce, the alimentary canal consists of a

narrow oesophagus, a saccular dilated stomach provided with several

cjecal (hepatic) diverticula, an elongated chyle-forming intestine, and

a short rectum, which is only sometimes clearly marked off from the

intestine (fig. 349). The Rhizocephala (fig. 354, a), which are with-

out an alimentary canal, possess root-like processes of the paren-

chyma, which ramify in the viscera, especially the liver of Decapods,

and absorb from them endosinotically the nutritive juices (as in

Anelasmci).

Special glandular organs, the so-called cement glands (peculiar to the

Cirripedia), open on the sucker of the persistent (anterior) antennae ;

the animal is fixed by their secretion, and the Rhizocephala alone

seem to be en-

tirely without

them.

A heart and

vascular sys-

tem seem to

be wanting in

all cases. The

tubeswhich ave

present on seve-

ral thoracic ap-

pendages o f

many Lepadidce

are regarded as

branchiae, as

are also two

plicated lamel-

Ite on the inte-

rior of the

mantle of the Balanidce.

Generative organs. The Cirripedia are, with a few exceptions,

hermaphrodite. The testes are branched glandular tubes, and lie

at the sides of the alimentary canal (fig. 349, T}. The vasa deferentia

which dilate into vesiculae seminales reach to the base of the cirri-

form penis, in which they unite to form a common ductus ejacula-

torius opening at the point of the penis (Vd). The ovaries in the

Balanidce lie in the basal part of the body cavity (fig. 348, Ov) ;
in

the Lepadidce (fig. 349) they are moved into the prolongation of the

head, which is known as the stalk. The oviducts, according to

a

FIG. 350. AJeippe Jampot (after Ch. Darwin.) a, Male, very strongly

magnified ; A', antennae ; T, testis ; V, seminal vesicle ; D, redu-

plicature of the skin ; 0, eye ; P, penis. 6, Longitudinal section

through female; F, maxilliped; Cf, the three pairs of legs; Ov<

ovary.
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Fie. 351. a Later'Nauplius larva. A, nnus; 07, proboscis with

mouth; //, frontal horns; D, intestine; A', A", 1st and 2nd

antenna?; Mdf, inaiidibular foot (t.liinl pair of appendages).

5, iletanauplius larva of Jialanng befoio the moult. Beneath
the skin are the rudiments of the lateral eyes (O) nnd all the

appendages F> to F1 * of the Cypris stage ; Ff, frontal filament ;

ff, unpaired eye ; Dr, gland cells of the anterior horns
; A',

the antenaic with suctorial disc ;
MX rudiment of maxilla.

Krohn, open on a

prominence on tlio

basal joint of the

anterior pair of

thoracic appen-
dages. The eggs

accumulate in the

cavity between the

mantle and the

body in large
thin - walled flat-

tened sacs, which,

in the Lepadidce.

are attached to a

fold of the mantle

and are packed to-

gether on the dor-

tal surface of the

animal.

In spite of the

hermaphrodit i sm,
there are, accord-

ing to Darwin, in

certain genera

(Ibla, Scalpellum)

very simply orga-

nised dwarfed
males of peculiar

form, the so-called

comp lementat

males, which are

attached like para-

bites to the body
of the hermaphro-
dite. There are

also dioecious Cir-

ripedes with a

strongly marked

dimorphism of the

sexes. This is the

case with Scalpel-
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lum ornatum and Ilia Cuminyii; also with the remarkable genera

Cryptopkialu& and Alette (fig. 350). The males of these forms are

not only small and dwarfed, but also, according to Darwin, have

neither mouth, digestive canal, nor thoracic appendages. As a rule,

two or sometimes more attach themselves to the body of the female.

Development. The eggs, while still within the brood-pouch,

undergo an irregular segmentation. The clear cells arrange them-

selves around the food yolk in the form of a blastoderm, the ventral

side of which soon becomes considerably thickened in consequence of

the appearance of the mesodermic layer. The larvee leave the egg
as Nauplii (fig. 351, a, 6), of oval or

pear-shaped form, with unpaired
frontal eye, lateral frontal horns,

and three pairs of appendages, of

which the anterior is simple, the

two next biramous and closely beset

with swimming setaj.

After several moults, the larva,

which has grown to a considerable

size, enters on a new stage of de-'

velopment, the so-called Cypris stage

(pupa) (fig. 352). The reduplica-

ture of the skin has the form of a

bivalve mussel-like shell, through
the gaping ventral edges of which

the appendages can .be protruded.

While the form of the shell recalls

that of the Ostracoda, the structure

of the body, so far as the segmenta-
tion and form of the appendages are

concerned, approximates to that of

the Copepoda. The anterior ap-

pendage of the Nanplius larva has

given rise to a four-jointed antenna,

the penultimate joint of which

has become large and disc-shaped and contains the opening of the

cement gland, while the terminal joint bears in addition to tactile

seta? one or two delicate lancet-shaped olfactory hairs. The frontal

horns are transformed into two conical prominences near the an-

terior margin. Of the two pairs of biramous appendages, tho^e

which correspond to the second pair of antennaB arc cast ofT, while

FIG. 352. Median section through a

pupa of Lepas. A' Attaching antenna

C, carina ; Te, tergum ; Sc, scutum

Ov, ovary ; G, cerebral ganglion

Gg, ganglionic chain; D, alinientarj

canal ; Cd, cement gland ; Mk, oral

cone ; Ah, abdomen ; P, rudiment of

the penis ; M, muscle.
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Te

the posterior pair becomes the rudiment of the anterior jaws

(mandibles) of the oral cone, which is still closed and on which the

first rudiments of the maxillae and under lip are already visible.

The oral cone is followed by the thoracic region with six pairs of

biramous Copepod-like swimming feet, and a minute three-jointed

abdomen, which terminates in two caudal appendages and caudal setae.

The pupa has a large pair of compound eyes at the sides of the un-

paired eye-spot, and swims about by means of its swimming feet. It

appears not to take in food. The material necessary for its further

changes is stored up principally in the cephalic and dorsal regions in

the form of a largely-developed fat body.

After swimming about for a longer or

shorter time, the pupa fixes itself by
the suctorial disc of its bent antennae

to some foreign body. The parts of the

adult Cirripede are now visible beneath

the skin, and the cement gland begins to

secrete a cement, which hardens and so

brings about the permanent attachment

of the young animal. In the Lepadidce,

the region of the head above and be-

tween the antennas grows so much that

it projects from the pupal integument,
beneath which the calcareous pieces of

the shell of the Cirripede can be seen,

and after the moulting of the chitinous

skin of the pupa constitutes the fleshy

peduncle by which the animal is attached,

and into which the rudiments of the ova-

ries project (fig. 353). The paired eyes of

the free-swimming Cypris larva disappear,

while the unpaired pigment spot remains.

The mouth parts become fully differen-

tiated, and the biramous swimming feet become short, many-jointed
cirriform appendages.

The Cirripedia are marine animals. They attach themselves to

various foreign objects. They are found fixed, usually in groups, to

logs of wood, rocks, mussel shells, Crustacea, the skin of whales, etc.

Some, as Litholrya, Alcippe, and the CryptopiaMdce, are able to bore

into Lammellibranch shells and Corals, while the lihizocephala are

parasitic on Crustacea. In the IIIdzocc.pladd the body is saccular,

FIG. 353. Young Lepas after

disappearance ofthe two horny
valves of tho shell and the

straightening of the anterior

part of the head (stalk), which
in the pupa stage is bent.

Letters as in fig. 319.
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and the animal loses all its appendages and its alimentary canal, and

extracts the juices of its host (Decapoda) by means of root -like

processes (fig. 354).

1. Pedunculata. There is a peduncle and six pairs of biramous

feet
;

the mantle has usually carina, scuta, and terga.

Fam. Lepadidae. Peduncle well marked, and not provided with calcareous

plates. There is a membranous mantle, which, as a rule, is provided with five

shell plates, of which the scuta and terga lie behind one another (fig. 348, ).

Lfpas L. (Anatifa Brug.), L.fascieularix Ellis, (yitrea Lam.) Found from the

Northern Seas to the South Sea. L. anatlfcra L., cosmopolitan. Conchodcrma

FIG. 354. a, Sacctiliiia purpurea (after Fr. Miiller). Oe, Aperture of the mantle sac ; W,
root-like processes ; E, genital aperture. 6, Nauplius larva of Saccitllna. A, A", Mdf,
appendages, o, Pnpa of Lernreodiscus porccllance (after Fr. Miiller). F, The six pairs of

legs ; Ab, abdomen j A', attaching antenna1

; O, eye.

i

Olf. ^Otion, Cincras Leach.), C. rirgata Spengl., frequently attached to ships.

C. aurita L., Andasma Darwin. The stalk is provided with root-like processes,
which grow into the skin of Squalida-. A. sqiialicola Loven.
Fam. Pollicipedidae. Peduncle not sharply distinct, scaly or hairy. The

shell plates very strong, numerous. The scuta and terga lie close to one

another. There are sometimes complemental males. PolUclpi'x cornucopia

Leach., Ocean and Mediterranean. Scalj>t'lliti vulgare Leach., North Sea and
Mediterranean. Sc. ornatum, Gray, South Africa. Ilia quadrimhis Cuv.,

South Australia. J. Cumin//!/ Darw., Philippines.
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2. Operculata. The peduncle is absent or rudimentary. The

body is surrounded by an external ring of plates at the extremity of

which the scuta and terga form an operculum, which is usually freely

movable and provided with depressor muscles (fig. 3-48, b}.

Fam. Balanidae. Scuta and terga freely movable and articulating with one

another. The gills are formed each of a fold. Balanus tlntlnnalulum L.

Widely distributed and found in a fossil form. B. improvims Darw. Found in

brackish water.

Fam. Coronulidae. Scuta and terga freely movable, but not articulating
with one another. The two gills formed each of two folds. Tvbicinella

tracltcalis Shaw., South Sea. Coronula "balcenarls L., Antarctic Ocean. C.

tliadema L., Arctic Ocean.

3. Abdcminalia. The irregularly segmented body is enclosed in

a flask-shaped mantle, and bears on its terminal portion three pairs

of cirriforrn feet. Mouth parts and alimentary canal completely

developed. The sexes are separate. They live as parasites buried

in the calcareous shell of Girripedia and Mollusca.

Fam. Alcippidae. With four pairs of feet, of which the first pair is palpiform,
and the two last are uniramous and composed of few elongated joints. The

sexes are separate. The female bores into Mollusc shells. The male is dwarfed,
and is without mouth, stomach, or feet. Alcqipc laj>ij>as Hanc., bores into

the columella of the shells of fusus and Buccimim. Found on the coast of

England.
Fam. Cryptophialidae. They have three pairs of feet at the posterior end of

the body. Crypioplualus Darw., sexes separate. Or. muivtus Darw., in the

shell of Concholepas Pcruviana, found on the west coast of South America.

Koclilorine liamata Xoll, lives in excavations in the shell of ILalwtis.

4. Apoda. The body is segmented, and is composed of eleven

rings. There is no special reduplicature of the mantle. The shape

resembles that of a maggot. The attaching antennae are elongated

to the form of a band. The mouth is adapted for sucking, and has

mandibles and maxilla?. Feet absent. The digestive canal is rudi-

mentary. They live parasitically in the mantle of other Cirripedia.

They are hermaphrodite.

Fam. Proteolepadidae with the single genus Protcolcjtas Darw., Pr. M-vincta

Darw., West Indies.

5. Rhizocephala* (Suctoria). Body tubular or saccular, without

segmentation or appendages; with narrow, short peduncle for

attachment, from which branched, root-like filaments arise. The

* W. Lilljeborg, "Les genres Liriope et Pcltogaster," Nova acta, rrtj. .we.

acii'ii. UpsaL, Ser. 3, vol. Hi., 1S(>0. Fr. Mliller.
" Die Rhizoccphalen," Archiv

fur Naturgeach.. 1862 and 1863. R. Kossmann,
'

Beitriige zur Anatomic der

schmarotzenden Rankenfussier," Vcrh. dcr med.-phys. Gesdlsch, Wurzburg,
Ncuc Folge, Tom. IV.
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Jatter pierce the body of the host, and carry nourishment to the

parasite. Mantle saccular, and without calcareous plates, with

narrow aperture which can be closed. Mouth and alimentary canal

absent. The testes are usually paired, lie between the ovaries, and

open into the brood-pouch. The EhizocepJuda live principally as

parasites on the abdomen of the Decapoda, and wind their root-like

filaments around the viscera of the latter.

Fam. Peltogastridae. Peltotfasterpaguri Eathke. Sacculliia mrcitii Thomps.,
Lerntsodiscus gorcellance Fr. Mii.ll., Brazil.

II. MALACOSTRACA.

The Malacostraca differ from the Entomostraca in possessing a

constant number of segments and paired appendages. The boundary
between the head and thorax cannot be absolutely fixed on account

of the varying number of anterior pairs of legs which are modified

to form jaws. These regions are composed of thirteen segments

altogether, and bear the same number of pairs of appendages, while

the abdomen, which is always distinct, includes six segments and the

same number of paired limbs and terminates with an anal plate

(telson)
derived from the terminal portion of the body.

Amongst the living Malacostraca there is, however, a single group
of forms (Nebalia) (fig. 355, a, b), which differ in having a larger

number of abdominal segments. They have, in addition to the six

abdominal segments with appendages, two segments without appen-

dages, and an elongated Phyllopod-like caudal fork. This remarkable

form was for a long time regarded as a Phyllopod, and in many of its

characters represents a connecting link between the PJiyllopoda and

the Malacostraca. The structure and segmentation of the head and

thorax resembles that of the Malacostraca, but the terminal region of

the abdomen does not present the special form of a caudal plate or

telson. In Nebalia we probably have to do with an offshoot of the

Phyllopod-like ancestors of the Malacostraca, which has persisted to

the present time.

The head includes in all cases, behind the mandibular segment
on which two paragnathi form a kind of underlip, the segments of

two pairs of maxillae. The latter preserve more or less the characters

of Phyllopod feet. The head, therefore, consists of five segments, each

with its pair of appendages, viz., two pairs of antennre, one pair of

mandibles, and two pairs of maxilla?. It is followed by the thorax,
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which is composed of eight segments. The eight pairs of thoracic

appendages may have an exactly similar shape, and possess two

separate and many-jointed rami. This form of thoracic appendage
is characteristic of the Schizopoda ; in Nebalia* the thoracic appen-

li

Fia. 3r5. JfeLulia Groffroyi, strongly magnified, i. Female; f>, male; S, rostrum; 0,

stalked eye ; M, crop ; D, intestine ; S, shell G, vas defcrens.

* Kcbalin is best placed in a special group, Leptostraca, between the Entotnos-

traca and Nalaco&traca. The palaeozoic fossil genera llymvnocaris, Pcltocaris,

etc., would have to l>e placed in such a group.
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dages closely resemble the typical Phyllopocl limb. As a rule, how-

ever, some of the anterior thoracic legs take part in preparing the

food and have a form intermediate between maxillre and thoracic

legs. Such are called foot-jaws or maxillipeds. In the Arthrostraca

the anterior pair of thoracic appendages only are so modified, and the

segment bearing them joins the head
;
the thorax is, therefore, in

this group composed of seven segments, each with its pair of appen-

dages. In other groups of Malacostraca the next or two next pairs

of thoracic legs have the form of maxillipeds, so that there is no

sharp division between the head and thorax. The latter is, at least

partially, covered by a shield-like reduplicature of the skin, which

morphologically corresponds to the Phyllopod shell and forms a

more or less extensive carapace, which fuses with the back of the

thorax, and under which the posterior, rarely all the thoracic seg-

ments may remain separate as free rings.

Order 1. ARTHROSTRACA.*

Malacostraca with lateral sessile eyes, usually with seven, more rarely

with six orfewer separate thoracic segments, and the same number of

pairs of legs. Without a reduplicature of the skin.

The head bears four antenn?e, the two mandibles, four maxillae,

and a pair of maxillipeds ; in all six pairs of appendages. A small

bilobed plate, distinguished as the under-lip, behind the pair of

mandibles, marks the boundary of the primary region of the head.

The two pairs of maxillse as well as the maxillipeds are secondary

cephalic appendages derived from the thoracic region of the body.

Behind the head there are usually seven free thoracic rings with

the same number of pairs of appendages, which are adapted for

creeping or swimming. The number of distinct thoracic segments is

in rare cases reduced to six (Tanais) or five (Anceus), the anterior or

the two anterior segments of the thorax becoming intimately con-

nected with the head. In the latter case a more or less extensive

cephalothoracic carapace is formed. The abdomen which follows the

thorax includes, as a rule, six segments bearing limbs, and a simple

or split plate without appendages and representing the terminal

segment. The number of the abdominal segments and appendages

may, however, be reduced (Isopoda), and the entire abdomen may
* Besides the works of Latreille, M. Edwards, Dana, and others, compare

Spence Bate and J. O. Westwood,
" A History of the British sessile-eyed

Crustacea," Tom. I. and II., London, 1863-1868. G. O. Sars,
" Histoirj

naturelle des Crustaces d'eau douce de Norvege," Christiania, 1867.

29
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even be reduced to an unsegmented stump-shaped appendage

(Lcemodipoda).
The nervous system consists of a cerebral ganglion and a ventral gan-

glionic chain, which is most distinctly composed of two lateral halves.

In the Isopoda there is also an unpaired visceral nerve. The two eyes

are always sessile, compound eyes, with smooth or facetted cornea;

they are never stalked. Delicate olfactory fibres are often present

on the anterior antennae, and are especially numerous in the male

sex.

The alimentary canal begins with a short oesophagus, which passes

upwards to open into a wide crop, supported by firm horny bands

and often armed with strong chitinous plates. The crop leads into a

long intestine provided with two or three pairs of tubular hepatic

glands. The rectum, which may possess one or two tubular appen-

dages (probably urinary), opens at the posterior end of the body.

The antennal gland opens on the basal segment of the posterior

antenna, often upon a conical protuberance.

Vascular system. A heart is always present as the central organ

of the circulation. It may either have the form of a tube extending

along the whole length of the thorax (Amphipoda) ;
or it may be

saccular and placed in the abdomen (Isopoda). In the first case the

gills are placed on the thoracic feet as tubular appendages ; in the

latter, on the other hand, they are placed on the abdomen. From the

heart the blood passes through an anterior and posterior aorta, and

usually through lateral arteries. The vessels conduct the blood into

the body cavity, whence it returns in regular streams to the lateral

paired slits of the heart.

Generative organs. The Arthrostraca are of separate sexes. The

males are frequently distinguished from the females by the modifica-

tion of certain parts of the appendages to form prehensile organs, by
a greater development of olfactory hairs on the anterior antenna?, and

by the position of the sexual and copulatory organs. It is rare to

find a strongly marked dimorphism of the sexes (Bopyrus, Praniza).

The generative organs open either at the posterior part of the thorax

or at the base of the abdomen ; the female always on the ante-

penultimate pair, the male on the last pair of the thoracic appen-

dages or between the first of the abdomen (Isopoda). The ovaries

are two simple or branched tubes with the same number of oviducts.

The testes similarly seem to be composed of one (Amphipoda) or

more (3) pairs of tubes (Isopodci), the efferent ducts of which (vasa

deferentia) either remain separate or unite to form a copulatory
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organ. Appendages of the legs may also be present as additional

aids to copulation. The mature ova are, as a rule, carried about by
the female in brood pouches formed by the lamellar appendages of

the thoracic feet (oostegites). Development as a rule takes place
without metamorphosis, but the form and appendages of the youn-
animal not unfrequently differ from those of the adult animal

(Phroni'fna). The segments and the appendages may even be incom-

plete in number after birth (Isopoda).

Fossil Arthrostraca are found in the Oolite (Archceonlscus). Pro-

soponiscus occurs in the Permian, Amphipeltis in the Devonian.

1. Sub order. Amphipoda.*

ArtJirostraca with laterally compressed body, with gills on the

thoracic feet, and an elongated abdomen, of which the three anterior

segments bear the

swimming feet, ii'ldle

th& three posterior

bear posteriorly di-

rectedfeet adaptedfor

springing (fig.
35 G).

The Amphipoda
are small animals,

being only in rare

cases several inches

long (Li/sianassa

magellanica). They
move in the water

principally by spring-

ing and by swim-

ming. The head, which is sometimes small (Crevettina, fig. 356),

sometimes large and then much swollen (Ilyperina, fig. 357), is

sharply distinct from the thorax and is fused with the first of the

seven thoracic segments only in the aberrant group of the Lcemodipoda.

The two pairs of antennas usually consist of a short strong shaft

>f Besides the oldei' works of Do Geer, Bxisel, M. Edwards, etc.. compare C.

Spence Bate. " On the Morphology of some Amphipoda of the Division Hyper-
ina," Ann. of Nat. Ilixt.. Ser. 2. vol. xix.. 1857. C. Spence Bate, "On the
nidification of Crustacea," Ann. of Nat. Hist., Scr. 3, vol. i. C. Spence Bate.
"
Catalog-ue of tho specimens of Amphipodous Crustacea in the collection of the

British Museum," London, 18G2. E. van Beneden et Em Bcssels.
"
M.emoirc

sur la formation du Blastoderme chez les Amphipodes, etc," Bruxellcs. 18G8.

C. Claus,
" Der Onranismus dcr Phronimiden, Arlicitcn atiz (Inn Zool. I/istititt.

dcr VnicL-rsitiit WU-n. Tom II.. 1879.

FIR. 35C. Gammarui nrgleetitg (after G. O. Sars), with egS
between the brood lamella? (oostegites) on the thorax.

A', A", the two antenna;; Kf, maxilliped ;
F' to X", the

seven pairs of thoracic appendages ; Sf, the first swim-

ming foot of the abdomen.
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and a long rnultiarticulate flagellum, which, however, may bo more or

less rudimentary. The anterior antenna?, which are always longer
in the male, often bear a short accessory flagellum and present

numerous modifications in their special form. In the Ilyperina they
are very short in the female

;
while in the male they are of consider-

able length and are closely beset with olfactory hairs. The posterior

antenna? are frequently longer than, the anterior : in the male

Typhida they are folded in a zigzag fashion, and in the Corophiidce

Ijv L

A

Q.SSJ.Tfirnnim'T gedenfaria, a, female; J, male. O, eyes ; A', A", tho two pn-rs of MV
tennie

; Kf, jnws ; D, intestine ; H, heart and aorta
; A", gills ; Ov, ovary ; A', nervous

system ; Dr, glands in the chela of the fifth pair of legs ; G, genital opening.

are modified to form strong pediform appendages. In the female, on

the contrary, they may be degenerated and represented only by the

basal joint (Phronima) (fig. 357, a and
l>).

The mandibles are powerful biting plates with a sharp, xisually

toothed edge and a lower masticating process. They usually possess a

three-jointed palp, which is occasionally reduced. The anterior bi-
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lobed maxillse also havre as a rule a short, two-jointed palp, while the

maxillse of the second pair are reduced to two lamellse of considerable

size attached to a common base. The maxillipeds fuse to form, a sort

of underlip, which is either tri-lobed (Hyperina) or bears upon a com-

mon basal portion an internal and external pair of lamella?, of which

the latter may be considered as the basal joint of a large multiar-

ticulate and frequently pediform palp (Crevettina and Lcemodipoda).

Delicate lamella? or tubes, which are attached to the coxal joints of

the thoracic legs, function as gills ; the active movements of the

abdominal swimming feet cause a constant renewal of the water

around them. In the female there are in addition to the gills

lamellar plates (oostegites), which are applied together under the

thorax to form a brood-pouch.

The males are distinguished from the females not only by the

absence of the oostegites, but chiefly by the stronger development of

the prehensile hooks on the anterior thoracic feet and the different

formation of the antennae.

The eggs pass into the brood-pouch and there develop. The yolk

sometimes (G. locusta and other marine species) undergoes a com-

plete segmentation. Sometimes (G. pulex), after a superficial seg-

mentation, a peripheral cell-layer is separated, which develops into

a delicate blastoderm beneath the egg membrane. A ventral

primitive streak is then formed, and on the dorsal side, beneath a

differentiation which has been erroneously taken for a micropyle,

a peculiar globular organ makes its appearance ; this is the first rudi-

ment of the cervical gland (dorsal organ), which is confined to em-

bryonic life. The appendages are developed from before backwards

on the ventrally flexed body of the embryo. The young animals

usually possess at hatching all their appendages and in all essential

points have the structure of the adult animal, but the number of

joints of the antennae and the special form of the legs still present

differences. In the Hyperina alone the just hatched young may be

without abdominal feet and differ so much in their form from the

adult that they may be said to undergo a metamorphosis.
The Amphipoda for the most part live in fresh and salt water

and lead an independent life (the presence of Arctic species in the

Swedish and Norwegian seas is very interesting). Some, however,

live in tubes (Cerapus), others in holes gnawed in wood (Chelurci).

The large size of the deep-sea forms is of special interest
; amongst

these a Gammarid, allied to the genus Iphimedia, and Cystosorna

N~eptu.nl (Hi/peridre) become several inches in length. The Hyperma
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live principally in transparent marine animals, especially in Medusce,

and may, as the female Phronima sedentaria, take up their abode

with their entire brood in transparent Pyrosoma, whose internal

parts they eat up. The Cyamidce among the Lcemodipoda are

parasitic on the skin of whales.

Tribe 1. Laemodipoda.

Amphipoda witJt, cervically placed anterior legs and rudimentary

apodal abdomen.

The anterior thoracic segment is more or less closely fused with

the head and the anterior pair of legs shifted on to the neck. The

rnaxillipeds are modified to form a quadripartite under-lip with long

palps. The branchue are usually confined to the third and fourth

thoracic segments, the legs of which are often rudimentary or are

altogether wanting. The feet end with hooks for attachment. The

abdomen is small and reduced to a short protuberance destitute of

appendages.

Caprella lincaris L. Body elongated and thin. They are parasitic on Hydroids
and colonies of Bryozoa. Ci/amus ccti L. Body broad and flat

;
abdomen quite

rudimentary ; parasitic on the skin of Cetacea.

Tribe 2. Crevettina.

Amphipoda with small head, small eyes, and midtiarticidatepediform

maxillipeds.

Both pairs of antennse are long and multiarticulate ;
in the male

they are larger than in the female. The upper or anterior antennae

are usually, as in Gammarus, the longer ;
their shaft is composed of

several joints and bears a small accessory flagellum as well as the

principal one. The contrary may, however, occur, as in Coropldum,
where the posterior antennse are elongated and pediform. The

maxillipeds in all cases fuse together at their base and form a large

under-lip, usually with four lamellfe and two jointed pediform palps.

The coxal joints of the thoracic legs have the form of broad and

large epimeral plates. The abdomen has always the full number of

segments. The three posterior pairs of abdominal feet (uro2)oda}

are well developed and often much elongated. This group, which

includes an astonishing variety of forms, is principally distributed in

the colder seas.

Fam. Corophiidae. The body is not laterally compressed. The posterior

antennrc arc more or less pcdifovm. The coxal joints of the legs arc frequently

very small They more rather by walking. Coropliium longicorne Fabr., dig
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passages in mud. Ccrapns tulnilaris Say., lives in tubes. Podoccrus variegatus

Leach., English coast. Chcliira tcrelrans Phil, is allied here, gnaws, with

Limnor'ia lignorum, wood-work in the sea. North Sea and Mediterranean.

Fam. Orchestiidae. Anterior antennae usually short, always without accessory

ramus. The posterior pair of uropoda are unbranched and are shorter than

the preceding pairs. They live on the shore, especially on sandy beaches, and

move by springing. Talitnis saltator Mont. = T. locusta Latr. On the sandy
coasts of Europe. Orchestia littorea Mont., North Sea.

Fam. Gammaridse. The anterior antennas often have a second ramus, which

is always longer than the shaft of the posterior. The coxal plates of the four

anterior pairs of legs are very broad. They move more by swimming than by

springing. Gammaruspulcx L., G.fiuviatllis Eos., 6f. mariims Leach. In the

blind Niphargm Schiodte the crystalline cones and eye pigment are wanting.
K. puteanns Koch., in deep springs and lakes (Lake of Geneva). Lysianassa
Costce Edw., Mediterranean. L. atlantica Edw. L. magellanica Lillj.

Tribe 3. Hyperina.

Ampkipoda with large swollen head and large eyes, usually divided

into frontal and lateral eyes. They have a pair of rudimentary

maxillipeds functioning as underlip.

The antenna? are sometimes short and rudimentary, sometimes of

considerable size, and in the male are elongated into a multiarticulate

flagellum (Hyperidee).
The posterior antennce may in the female be

reduced to the basal joint enclosing the glandular tube (Phromina) ;

in the male, on the contrary, they are folded in a zigzag, after the

manner of a carpenter's rule (Platyscelince). A paired auditory
vesicle may be present above the brain (Oxycephalus, jRhabdosoma).
The maxillipeds form a small bi- or tri-lobed under-lip. The paired

legs end in some cases in a powerful chela. The caudal styles are

sometimes lamellar and fin-like, sometimes styliform. Development
tukes place by metamorphosis. They live principally in jelly-fish,

and swim very rapidly.

Fam. Hyperidae. Head globular, almost entirely occupied by the eyes. The

two pairs of antennas have a multiarticulate shaft
;
the flagellum longer in the

male. The mandible has a three-jointed palp. The fifth pair of feet is gener-

ally formed like the sixth and seventh, with claw-like terminal joint. Ilypcria

(Lestrigowus Edw.) medusanim O. Fr. Mull. (//! gall/a Mont. = H. Latreilll

Edw.) with Lestrlgomts e-xttlans Kr. as male, North Seas.

Fam. Phronimidae. Head large, with projecting rostrum and large divided

eye. The anterior antennae are short in the female, with only two or three

joints, in the male with long multiarticulate flagellum and a shaft closely

beset with olfactory hairs. The thoracic limbs have in some cases powerful
chelas. Phroxina nicceensls Edw., Phroninut sedcntaria Forsk. The female

lives with its offspring in Pyrosoma and Diplnjidfc, Mediterranean.

Fam. Platyscelidae. Both pairs of antennas hidden beneath the head ; the

anterior are small ; in the male with much swollen bushy shaft, and short,
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slender flagellum composed of few joints. The posterior antennae .are in the

male very long and folded three to four times together in a zigzag fashion
;
in

the female they are short and straight, sometimes quite reduced. The basal

joints of the fiflh and sixth pairs of legs are usually enlarged into great

lamellae, which cover the thorax. The seventh pair is generally rudimentary.

Eutyphls (T//j}his Risso) ovoides Eisso (Platyscelus serratvs Sp. Bate), Mediter-

ranean. OxycfpJtalus pisedtor Ed\v. ,
Indian Ocean.

2. Sub-order: Isopoda.*

Arthrostraca with usually broad, more

or less arched body, with seven free tho-

racic rings, with lamellar legs function-

ing as branchice on the short-ringed,

often reduced abdomen.

The structure of the body, which is

flat in shape and covered by a hard,

usually encrusted integument, presents
a great agreement with that of the

Amphipoda, to which the in many
respects peculiar Tanaidce are most

nearly allied. The abdomen of the

Isopodsis, however, usually much short-

ened and composed of six short seg-

ments, which are often fused with one

another
;

it terminates with a large

c ludal lamella. The abdominal legs are

only exceptionally (Tanaidce) swimming
feet

;
as a rule they have the form of

branchial lamellae. The sixth pair may
be fin-like or styliform. The anterior

antennae are, with a few exceptions,

shorter than the posterior and external

antennae
;
in rare cases (Oniscidai) they

bscome so much reduced that they are

hidden beneath the cephalic carapace.

In exceptional cases only (Apseudes)

Fir,. 359. AstUun aquatictin (after

G. O. Sars). Female with brood

pouch, seen from the ventral side-

* H. Rathkc,
"
Untcrsuchungen liber die Bildung und Entwickelung der

Wasserasscl," Leipzig, 1832. Lereboullet, "Sur les Crustaces de la famille

res Cloportidcs. etc," Mem. du Museum d'hist. nat. de Strasbourg, Tom. IV.,
13-"-0. N. Wagner.

" Eecherches sur le systuine circulatoire ct les organes de la

respiration chcz le Porcellion elarei," Ann. den xc. nat., Ser. 5, Tom. IV., 1805.

A. Dohrn,
" Die Embryonalentwickelung des Asellus nquaticus," Zevtschr f&r

rrisx. Znol.,Tnm. XVII., 1807. N. Bobretzky,
' Zur Kmbryologie dcs Oniscus

murarius," ZritfcJir. fiir w/'.vx. Zix>1., Tom. XXI\ r

., 187-1.
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a

they bear two flagella. As in the Amphipoda, pale, plumous setae

and olfactory cones are present on the antenna?. The mouth parts

are in some parasitic IsojMda modified for piercing and sucking. The

mandibles (except in Bopyridce and Oniscidce) often bear a three-

jointed palp. On the other hand, the two pairs of maxilla?, which

are usually bi- or tri-lobed, are in general without the palpiforrn

appendage. The maxillipeds form a sort of underlip, but present

great differences in the arrangement of their parts (fig. 358).

As a rule the seven pairs of thoracic legs are adapted for walking

or attachment, and in the female some of them are provided with

delicate membranous plates

(oostegites) which form a brood

pouch. They never bear gills.

The branchial function is dis-

charged by the delicate inter-

nal rami or endopodites of

the abdominal limbs (pleo-

pods), the anterior pair of

which is frequently modified

to form a large operculum

overlying the following pairs.

In certain of the terrestrial

Isopocls (Porcellio and Arma-

dillo) the opercular plates

of the two anterior pairs of

abdominal limbs contain a

system of air spaces which ap-

pear to assist respiration. The

heart, unlike that in Amphi-

pods, lies (except in Tandidce)
in the posterior thoracic seg-

ments or in the abdomen.

The sexes are (except in Cymothoidce) separate, and the position

and arrangement of the generative organs correspond in general

with those of the Amphipoda. The sexes are distinguished by
external sexual characters, which in some cases (Bopyridce) may lead

to a strongly-marked dimorphism (fig. 359, a, b).
In the male

three tubular testes unite on either side to form a dilated seminal

vesicle, from which the vasa deferentia are given off. The latter are

frequently separate along their whole length and, at the end of the

last thoracic segment, each of them enters a cylindrical appendage

FIG. 359. Gyge IranchMis (after Cornalia ami

Panceri). a, Female seen from the ventral

side ; Sri, oostegite ; J5T, branchiae. I,

Abdomen of the same strongly magnified,
with adhering male.
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T-

(Asellus) or they unite together into a common median penis which

lies at the base of the abdomen (Oniscidce). A pair of styliform or

complicated, hook-bearing appendages of the anterior abdominal feet

are to be looked upon as accessory copulatory organs ;
in addition

to these a pair of outwardly turned chitinous rods on the inner side

of the second pair of feet may also be present (Oniscidce). The

Cymothoidce are hermaphrodite
*

(Bullar), but the sexual organs
become ripe at different times. In the young stage these animals

function as males, and possess three pairs of testes, two rudimentary
ovaries internal to the testes, and a paired copulatory organ into

which the two vasa deferentia

a
open (fig. 360). After a subse-

quent ecdysis and after the fe-

male glands have developed at

the expense of the gradually

diminishing male glands, the

oostegites, which in the meantime

have been developed, become free

on the thoracic legs and the copu-

latory organs are thrown off.

Henceforward the animal func-

tions only as a female.

The embryonic development

begins after the entry of the eggs
into the brood pouch and is in-

troduced by a centro-lecithal seg-

mentation, the central part of

the egg (food yolk) remaining at

first unsegmented. The blasto-

derm soon consists of a periphe-

ral layer of naked nucleated cells

and produces by a rapid growth
of its constituent cells the ventrally placed germinal bands, at the

anterior end of which the cephalic lobes are first marked off. The

rudiments of the trifoliate appendages (dorsal organ) of the Isopod

embryos are next formed as two prominences on the cephalic lobes.

The physiological and morphological meaning of these structures has

not yet been explained. Of the appendages the two pairs of antenna

* J. Ilullar,
" The generative organs of the Parasitic Isopoda," Jonrn. Anat.

Pliysiol., 1S7G. P. Mayer, "Uebcrden Hcrniaphroditismus einiger Isopoden,"
Mittheil. atis dcr Zool. 'iStat. A'canel, 1879.

Fie. 300. a, i emale of C'ymotftoa Bantsi (after

M. Edwards), tirl, oostegite. b, Sexual

organs from a Cymothoa cestridei, 13 mm. in

length (after P. Mayer). T, Tho three

testes ; Oo, ovary ; Od, oviduct ; Vd, vaa

deferens ; P, penis.
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are the first formed. After these have made their appearance, a new

cuticle, the larval skin corresponding to the Nauplius stage, is formed

(as also is the case in Ligia according to Fr. Miiller). While the

other appendages are successively developed, the caudal region of the

embryo becomes bent towards the dorsal surface. Of the embryonic

membranes the chorion is the first to disappear, then the cuticle of

the blastoderm, and finally, when the embryo is fully developed, the

Nauplius skin.

The young animals, when they become free in the brood-chamber

(fig. 361), are still without the last pair of thoracic legs; in the

Tanaidce the abdominal feet are also wanting. They undergo not

inconsiderable changes in the form of the appendages until the

attainment of sexual maturity.

The Isopoda may therefore be

said to undergo a metamorphosis
which is most complete in Ta-

nais, Praniza (Anceus) and the

Bopyridas.

The Isopoda live some in the

sea, some in fresh waters, and

some on land (Onisddce). They
nourish themselves on animal

matters
; many of them are para-

sitic (seldom complete endopara-

sites, Entoniscus) principally on

the skin and in the buccal and

branchial cavities of fishes (Cy-

ynothoidce) or in the branchial

cavity of prawns (Bopyridce).

Tribe 1. Anisopoda.*

Body more or less resembling that of an AmpJiipod. The abdomen

with biramous swimming feet (Tanais), which do notfunction as gills,

or with Jin-like feet (Anceus).

Fam. Tanaidae. Tannis (lulhis Kr., Brazil. Two kinds of male?,
" smellers

and claspers." T. graclUs Kr., Spitzbergen.
Fam. Pranizidae, Anceida?. Ancuits ma.c'dlaris Mont. (Pr. cairuleata

Dcsm.), North and West coasts of Europe.
*
Compare Spcnce Bate, "On Praniza and Anceus, etc," Ann. of Nat. Hint..

Ser. 3, \7ol. II., 18o8. Hesse,
' Memoire sur Ics Pranizes et les Ancdes.''

Ann. (?. Scien. Nat., Scr. IV., Tom IX., 1SG4. Fr. Miiller,
" Uebcr den Ban der

Scheerenasseln," ArcJiir. fur NatHrgcsdi, Tom XXX., 1864. A. Dohrn,
"
Entwickelung und Ortranisation von Praniza maxillaris sowie zur KcTintniss

des Baues von Paranthura costa,u&"'Zeitschr. fur wi.. Znol., Tom. XX., 1870.

Fis. 361. Larva of Bopyrui virbii, -with sis

pairs of thoracic lefrs (after R. Walz)-

VI, Under lip ; Al, ttrst abflominal seg-
ment ; A!, A", two pairs of antenna; ;

mandible.
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Tribe 2. Euispoda.

Body with seven free thoracic segments and as many pairs of

appendages. Abdomen relatively short and broad, with abdominal

feet modified toform branchial lamellae.

Fam. Cymothoidae. With biting and sucking mouth parts, broad abdomen
with short segments and shield-like caudal plate. The last maxillipeds in the

form of an operculum. They live partly as parasites on fish, and partly as

free-living animals. Cymothoa oestrum Leach., C. cextroides Risso, Mediter-

ranean. Anilocra mediterranea, Leach., ^ga bicaritiata Leach., Serolis

parado.ra Fabr.

Fam. Sphaeromidae. Free-living Isopoda with broad head and short, very
convex body, which can often be rolled up in a ball towards the ventral side.

Spliceroma fossarum Mont., in the Pontine marshes; nearly allied is the S.

graiiulatum of the Mediterranean. S.scrratu.m'FfibT:., Ocean and Mediterranean.

It also lives in brackish water.

Fam. Idoteidae. Free-living Isopoda with elongated body, biting mouth

parts, and a long caudal shield formed of several segments fused together. The
last pair of abdominal feet is modified to form a wing-shaped operculum for

the protection of the preceding branchial feet. Idotea cntonwii L.. Baltic.

Fam. Asellidae. Body flattened
;
the last pair of abdominal feet (pleopods)

are styliform (not shaped like an operculum). Jara albifrons Mont.. British

seas. Asdlus aquations L., fresh-water form. A. cavaticus Schiodte, in deep

springs. Limnoria tercbrans Leach. L. lignorum, gnaws wood-work in the

sea.

Fam. Bopyridae. Parasitic in the branchial chamber of prawns ; the body of

the female is disc-shaped, unsymmetrical, and without eyes. The males are

very small and elongated, with distinctly separated segments and eyes. Bopyrus
xquillarum Batr., on Palccmon squilla.

Here are allied the Unionise idee, which are parasitic in the body cavity of

other Crustacea (Cirripedia, Pagitridte, and Crabs), Oryptonisciisplanarioides
Fr. Mull., parasitic on Sacculinapurpurea of a Pagurus, Brazil. Or. pygmceus
Eathke, parasitic on Pi-Hogaster. Entonlscus PorccUanee Fr. Mull., lives

between the heart and the intestine of a species of Porccllana in Brazil.

Fam. Oniscidae. Land Isopods. Only the internal lamellae (endopodites)

of the abdominal feet are modified to form delicate branchiae, the exopodites

constituting firm opercula. The two anterior abdominal feet are sometimes

provided with air chambers. The mandibles are without palps. They live

mostly in damp places on land. Ligia occanica L.,on stones and rocks on

the sea coast. Onisaws mitrarius Cuv., Porcclllo sealer Leach., Armadillo

rutgaris Latr., A. officinarum Brdt.

Order 1. THORACOSTRACA.*

Malacostraca with compound eyes which are usually placed on

movable stalks, with a dorsal shield u'hich connects all or at least

the anterior thoracic segments icitli the head.

* Besides the larger works of Herbst, M. Edwards, Dana, and the essays of

Duvernoy, Audouin and M. Edwards, Joly, Couch, etc. compnrc Leach,
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The Thoracostraca, like the Arthrostraca, possess a cephalo-thorax

composed of thirteen segments and an abdomen composed of six

segments, as well as a caudal plate (telson) ;
but the body is stouter

and adapted to a more perfect locomotion and a higher grade of

life. The thorax, instead of being composed of seven distinctly

separate segments, is covered by a dorsal carapace which effects a

firm and intimate fusion between the head and thorax. The degrees
of development of this dorsal carapace are various. When most

highly developed, it forms the dorsal integument of the anterior or

of almost all the thoracic segments ;
and its lateral portions only,

which have the form of wings and are bent towards the ventral

surface, consist of a free reduplicature.

The application of the appendages differs from that in the

Arthrostraca, and, indeed, varies in the different groups of the

Thoracostraca. The cephalothorax has thirteen pairs, and the

abdomen seven. The facetted eyes are born on two movably separated

stalks. These were for a long time considered as the anterior pair
of appendages, while in fact they are merely lateral portions of the

head which have become jointed. Both pairs of antennse belong to

the anterior region of the head. The anterior antenna? or antennules

as a rule bear on a common shaft two or three flaydla as the

peripheral multiarticulate filaments are called and are pre-eminently
sense organs. In the Decapoda the auditory vesicles are placed in

the basal joint, and on one of the flagella there are delicate hairs and

fibres, which are in connection with nerves and are to be looked on

as olfactory organs. The second antennje are attached externally to

and somewhat beneath the antennules. They bear a long flagellmn
and in the macrurous Decapoda are often provided with a more or

less considerable scale. A gland (the green or antennal gland)

usually opens on a conical process of their basal joint.

The following three pairs of appendages function as jaws; the

powerful mandibles, which are furnished with palps, lie at the side

of the upper lip ; further backwards are the two pairs of lobed

maxillaa, in front of which and behind the mouth is the small bilobed

underlip. The following eight pairs of appendages present a very

" Malacostraca podophthalma Britannia;," London, 1817 1821. V.Thompson," On the metamorphosis of Decapodous Crustacea." Zool. Jmirn.. vol. ii., 1831,
nlad Jx'n. 1834, 183(5, 1838. H. Rathke,

"
Untcrsuchungcn liber die Bildun^ und

die Entwickelung des Flusskrebses,'' Leipzig, 1S29. Th. I'-c!l, ''A history of the
British stalk-eyed Crustacea," London, 1853. Lereboullct,

' Eechcrches

d'embryologie comparee sur le developpeincnt du Brochet, de la Perche et de
1'Ecrevisse,'' Paris. 1862. V. Hensen,

'

Studicn iiber das Uchb'rorgan der

Decapoden,'' Leipzig, 1863.
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different form and adaptation in the various groups. As a rule, the

anterior pairs are modified to assist in taking up food and are moved

nearer the mouth
;
these are the maxillipeds, which, with regard to

their structure, hold an intermediate position between jaws and feet.

In the Decapoda (fig. 362) three pairs of appendages have the form

FIG. 362. Male and female of Antaeus Jluviafilig seen from the ventral side. In the male the

ambulatory and abdominal feet of the left side have been removed ; in the female the am-

bulatory feet of the right side and the maxillipeds of both sides. A' antennules; A",
antennae ; PI, scale of antenna ; Hit, mandible withpalp ; MX', MX", first and second maxillae

JlTr/"' to Mxf*, the three pairs of maxillipeds ; Goe, genital opening ; Doe, opening of the

green gland; F', F", first and second abdominal foot ; Ov, eggs ; A, anus.

of maxillipeds, so that there are only five pairs of legs left on the

thorax. In the Stomatopoda the first five pairs of thoracic append-

ages are modified to form maxillipeds and there are only three pairs
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of biramous swimming feet, which arise from the three posterior free

segments of the thorax. The thoracic legs are either, at least in part,

biramous (with swimming ramus), or as in the Decapods the exopodite
is absent and the legs have the form of ambulatory appendages. They
then terminate with simple claws ; the anterior frequently with large

chelfe. The terminal joints may however be broad plates, in which

case they can be used as swimming feet. The biramous legs of the

sixth abdominal segment are, as a rule, broad and fin-like and form,

together with the last abdominal segment which is transformed into

a large plate (telson), the caudal fin. The feet of the five anterior

abdominal segments, on the other hand, are sometimes swimming
feet (Stomatopoda], sometimes serve to carry the eggs, or the anterior

may assist in copulation (in the male). They may however be more

or less rudimentary and some of them absent.

With rare excep-

tions (Jfysidce) all

the Thoracostraca

possess gills, which

are either tufted or

composed of regular

lancet-shaped leaves.

The gills are appen-

dages of the limbs :

fm
in the Stomatopoda

FIG. 303. Cephalothornx of AntaciiffuciafiUs, after removal

they are attached to O f the branchiostegite (after Huxley). K, Gills ; R, ros-

the abdominal feet in trum ; >
stalked e

y
e

;
MP, scaphognathite (of the second

maxilla) ; Mxf", third maxilliped.
the Scli izopoda and

Decapoda to the maxillipeds and ambulatory feet. The Cumacea

are without gills, except for a single pair on the second pair of maxil-

lipeds. In the Decapods they are contained in a special branchial

chamber beneath lateral expansions of the carapace (branchiostegite)

(fig. 3G3).

The organs of circulation also attain a high degree of development,
the highest not only among the Crustacea, but in general amongst
all Arthropods. A heart and vessels are always present. In the

Stomatopoda the heart has the form of an elongated tube, which

extends through the thorax and abdomen, possesses numerous paired

slits, and in addition to an anterior and a posterior aorta gives off

to the right and left several branching arterial trunks. In the

Cumacea, Scldzopoda and Decapoda the heart has a saccular form

and lies in the posterior region of the cephalo-thorax. More rarely,
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as in the youngest larvae of the Decapoda, only one pair of slits is

present and the arterial system has but few branches. In the fully-

developed Decapoda the number of paired slits is increased by the

addition of a dorsal and a ventral pair, and the vascular system is

considerably perfected. An anterior cephalic aorta supplies the

brain, the antennae and eyes. Two lateral pairs of arteries send

branches to the stomach, liver and generative organs. The posterior

abdominal aorta usually divides into a dorsal and a ventral artery, of

which the first supplies the muscles of the tail, the latter (known as

sternal artery) sends branches to the appendages of the thorax and

abdomen
(fig. 364). From the ramifications (often capillary-like) the

blood flows into larger or smaller canals with connective tissue walls

which may be regarded as veins, and from thence into a wide

blood space situated at the base of the gills. It thence passes through

F"

Fro. 364. Longitudinal section through Aitaca* Jluviatilis (after Huxley). C, Heart; Ac,

cephalic aorta; Aa, abdominal aorta, the sternal artery (Sta) is given off close to its

origin; Km, masticatory stomach; D, intestine
; Z, liver; T, testis; Yd, vas deferens;

Go, genital opening ; G, brain ; N, ganglionic cord ; Sf, lateral plate of the caudal fin.

the gills and, having become arterial, passes into other vascular

tracts (branchial veins containing arterial blood), which conduct it

to a receptacle surrounding the heart, the pericardia! sinus : from the

latter the blood enters the heart through the slits which are provided

with valves.

The alimentary canal consists of a short oesophagus, a wide saccular

crop and an elongated intestine which opens by the anus beneath

the median plate (telson) of the caudal fin. The wide crop or

masticatory stomach is supported by a firm chitinous framework, to

which are affixed several pairs of masticatory plates (derived from

thickenings of the chitinous lining). In the Decapoda two round

concretions of carbonate of lime (Cray-fish) may be deposited in the

walls of the masticatory stomach beneath the chitinous lining ;
these

ate the so-called "
eyes," and are found in the spring and summer.
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The ducts of the very numerous, multilobed hepatic ca?ca open into

the anterior part of the elongated intestine.

A simple or looped glandular tube (the green gland} opens on the

basal joint of the posterior antenna. A shell gland is not developed.
The nervous system is distinguished by the size of the brain,

which is placed far forwards and gives off nerves to the eyes and

antenna?. The ventral cord, which is connected with the supra-

cesophageal ganglion (brain) by very long commissures, presents very
different degrees of concentration. In the brachyarous Decapods
this concentration reaches its highest point, all the ganglia being
fused together to form one great thoracic ganglionic mass. The

system of visceral nerves is also very highly developed.
Sense organs. The eyes are large and facetted. Except in the

Ov

FIG. 365. Generative organs of Asfacits. a, Female ; b, male. Ov. ovaries
; Od, oviduct ;

T'a, vulva on the basal joint of the third pair of ambulatory legs (F'"); T, testis; Vd,

vas deferens ; Oe, genital openings on the basal joint of the fifth pair of ambulatory
legs (F").

Cumacea, in which the eyes are sessile, they are borne on movable

stalks, which morphologically are to be regarded as the lateral parts

of the anterior region of the head which have been segmented off.

In the larva a median simple eye, equivalent to the unpaired Ento-

mostracan eye, may appear between the stalked facetted eyes. In

exceptional cases the adult animal may have paired eyes at the sides

of the thoracic appendages, and unpaired eyes between the abdominal

feet (Euphausia}. Auditory organs are wanting in the Cumacea

and titomatopoda. In the Decapoda they are present as vesicles

containing otoliths in the basal joint of the anterior antenna, and in

many ScJdzopoda in the lamella; of the caudal fin. The delicate

30
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filaments and hairs on the surface of the anterior antennae have the

value of olfactory organs; the antennae function as tactile organs,

as do also the palps of the jaws, the maxillipeds and the legs.

The generative organs are paired and lie in the thorax or in the

abdomen (Stomatojtodci), and, as a rule, are connected across the

middle line by a median portion. The female organs consist of two

ovaries and two oviducts, which open on the basal joint of the antepen-

ultimate pair of ambulatory legs or on the sternal region between

these appendages (fig. 365, ).
The testes

(fig. 365, b) are composed

of numerous sacs and blind tubes, and, like the ovaries, are connected

by a median portion ;
there are two vasa deferentia, often much

coiled, which open on the basal joint of the last pair of ambulatory

legs, more rarely on the sternum, and occasionally on a special

copulatory organ (Schi-

zoj)oda}. The first, or

the first and second,

pair of abdominal feet

act as intromittent or-

gans. The eggs either

pass into a brood-pouch

formed by lamellar ap-

pendages of the thoracic

legs (Cumacea, Scldzo-

podci), or become at-

tached by means of the

cementing secretion of

special glands to the

hairy abdominal feet of

the female, where they remain until they are hatched (Decapoda\

Development. Most of the Thoracostraca undergo a metamor-

pluis which may be more or less complicated. The Cumacea, some

ScMzopoda (Mysidea) and the fresh-water Decapoda (Astacus) leave

the egg membranes with the full number of segments and appen-

dages. Alt the Stomatopoda, on the contrary, as well as most of the

Decupoda, are hatched as larvse
;
the latter in the so-called Zocea

form with only seven pairs of appendages in the anterior region of

the body (there are two pairs of antenna3
, mandibles, two pairs of

maxilla?, and two pairs of maxillipeds), without the last six thoracic

segments and with a long abdomen destitute of appendages (fig. 366).

The two pairs of antennse of the Zocea are short and destitute of

flagella. The mandibles are without a palp ;
the maxillaa are already

FIG. 860. Crab zosea (Tltiu), after the first monlt. ZS,
Zorea spine on the back ; Ef, Kf 1

', the two pairs of

biramous appendages corresponding to the first and
second pairs of maxillipeds.
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lobed and used as jaws ; the four anterior maxillipeds are biramous

and act as biramous swimming feet ; and behind them, in the macru-

rous Decapods, the maxilliped of the third pair also appears as a

biramous swimming foot. Gills are as yet wanting, being repre-

FIG. 307. Larva of Penaftig (after Fr. Miiller) . a, Nanplius form seen from the dorsal sur-

face. 6, Hetanauplius stage seen from the left side; MX', anterior maxilhv; Mx 1

', pos-

terior maxilhe ; Ol, sixth and seventh pairs of appendages or first and second

maxillipeds. c, Zoa;a stage ; 0, eyes.

sented by the thin surfaces of the sides of the cephalo-thoracic

shield, beneath which a continual current of water flowing from

behind forwards is kept up. A short heart with one or two pairs
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of slits is present. The facetted eyes are of considerable size, but
are not stalked. Between the facetted eyes there is in addition an

unpaired simple eye, the Entomostracan eye. The Zocea larvae of the

short-tailed Decapoda (Crabs) are, as a rule, armed with spinous

processes. They usually have one frontal spine, a long, curved dorsal

spine, and two lateral spinous processes of the cephalo-thoracic shield.

The Zosea, however, is not by any means always the earliest larval

stage. Passing over those cases in which the larva has the Zoa?a

form but is without the middle maxillipeds, there are Podophtltal-
mata (Penosus), which leave the egg as Nauplii (fig. 3G7). Thus

1'iQ. 308. a, Zoa-a of Inachus in advanced stage with rudiments of the tbird maxilliped (Kf")
and the five pairs of ambulatory feet (~>Bp) ; C, heart ; L, liver, b, Megalopa stage of

Portunug; Ab, abdomen. I<" to F" first to fifth ambulatory legs.

the developmental history proves that the series of forms of Ento-

mostraca and Malacostraca are continuous.

During the growth of the Zosea, the subsequent metamorphosis of

which is quite gradual and always different, the six (five) pairs of

thoracic legs, which are as yet absent, sprout out beneath the

cephalo-thoracic shield. The abdominal feet also make their appear-

ance on the abdomen, and the larvaj finally enter the Schizopod-like

stage, from which the adult form proceeds. The Crab Zocea, how-

ever, after a later ecdysis, enters upon a new larval stage, that of the

Megalopa (fig. 368, I) ;
in this stage it already presents the cha-

racters of the Brachyura, but still possesses a large abdomen, which

is indeed ventrally flexed, but provided with a caudal fin.
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The Thoracostraca are for the most part marine, and feed on dead

animal matter or capture living prey. Most of them are good

swimmers
; others, e.g. numerous species of crabs, walk and run and

sometimes move sideways or backwards with great agility. The

chelae of the first pair of ambulatory legs (fourth thoracic appendages)
constitute powerful weapons of defence. Besides the frequent ecdyses

of the larval stages, the sexually adult animals cast their shell once

or several times in the year (Decapoda). They then live with the

new and still soft skin for some time in protected hiding-places.

Some Brachyura are able to live for a long time in holes in the earth

away from the sea. These land crabs undertake, usually at the

breeding season, common migrations to the sea and return later to

the land with their fully developed offspring (Gecarcinus ruricola).

The most ancient fossil Podophthalmia hitherto known are the niac-

rurous Decapoda and Schizojioda, from the carboniferous formations

(Palieocrangon, Palveocarabus, Pyyocejmalus).

(1) Sub-order : Cumacea.*

Thoracostraca with a small cephalo-thoracic shield, (four to) five

free thoracic segments, two pairs of maxillipeds, and six pairs of leys,

of which at least the two anterior .pairs have the biramous tSchizopod

form. The, abdomen is elongated and composed of six segments, and

bears, in the male, two, three or five pairs of sivimminyfeet in addition

to the caudal appendages.

The Cumacea, the systematic position of which was formerly very

differently estimated, have a superficial resemblance to Decapod larvae,

which they also recall in the simplicity of their organization ;
while

in many of their characters, such as the formation of the brood-pouch
and their embyronic development, they approach the Arthrostraca. A
cephalo-thoracic shield is always present and includes, besides the

segments of the head, the anterior thoracic segments and their

appendages ;
the four or five posterior thoracic segments, however,

remain free.

The anterior antennae are small and consist of a three-jointed basal

portion, to the end of which, especially in the male, tufts of olfactory

hairs are attached, and of a short flagellum and secondary llagellum

* H. Kroyer,
" Fire nye Arter af slnsgten Cuma," Naturk. TiJxsltr., Tom III.,

1841. H. Kroyer,
" Om Cnmaceernes Familie," Nnhirh. TidssTtr.JS. R.. Tom

III., 1846. G. 0. Sars,
" Beskrivelse af de paa Fregatten Josephines Exped.

fuiidne Cumaceer," Stockholm, 1871. A. Dohrn,
" Uebcr dun Ban und die

Entwickelung der Cumaceen," Jen. naturn-lss. Zeitschr. Tom V., 1870.
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In the female the posterior antennae are short and rudimentary,

while in the adult male they, together with their multiarticulate

flagellum, maybe as long as the body (as in Nebalia). The upper-lip

is usually small, while the deeply cleft under-lip is of considerable

size. The mandibles are without palps, and possess a comb of bristles

and a powerful masticatory process below their strongly toothed

extremity. The anterior maxilla? consist of two toothed blades and

a cylindrical, flagellate appendage directed backwards. The unpalped

maxilla of the second pair is composed of several pairs of masticatory

plates lying one above another. The two following pairs of

appendages may be distinguished as maxillipeds. The anterior,

which corresponds to the palped under-lip of the Isopoda, is five-

jointed and may be recognised by the process of the basal joint ;
the

posterior, which is also usually five-jointed, is of considerable length

and the basal joint is cylindrical and elongated. They also bear the

large pinnate gill and a peculiar plate. Of the remaining six pairs

of thoracic appendages, the two anterior are always formed like the

feet of the Scliizopoda ; they consist of a six-jointed leg, the basal

joint being strongly developed and lamellar, and of a multiarticulate

accessory ramus (exopodite) beset with long swimming seta?. The

four last pairs of appendages are also six-jointed, but are shorter ;

they bear in many cases, with the invariable exception of the last

pair, a larger or smaller swimming appendage as exopodite. The

very narrow and elongated abdomen is, in the female, entirely without

swimming feet, but bears on the large sixth segment at the sides of

the caudal plate long-stalked biramous caudal styles; while in the

male two, three or five pairs of swimming feet may in addition be

present on the preceding segments.

Fam. Diastylidae. Diastylix Hathkii Kr., North Sea. D. Edwardsii Kr.

Lcticon nasicus Kr., Norway,

(2) Sub-order : Stomatopoda.
*

Elongated Thoracostraca tvith short ccplialo-tlioracic, shield u'hich

does not cover the thoracic segments. There are Jive pair of maxilli-

pedsand three pair of biramous thoracic feet. The swimming feet on

the strongly developed abdomen bear branchial tufts.

* Besides Dana, M. Edwards and others, compare O. Fr. Miiller,
" Bruch-

stiick aus der Entwickelungsgeschichte der Maulfiisser," I. and II., AroMvfur

Al;ad. der Wistenssh., Wien, 1876.
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The sub-order Stomatopoda, with which formerly the Sehizopoda,
the genus Leucifer and the Phyllosomata (which are now known to

be the larvae of Scyllarus and Palinurus) were united, is confined

at the present day to the small and well-defined group of forms

included in the Squillidce.

They are Thoracostraca of considerable size and of elongated

shape, with a broad, well-developed abdomen, which is much more

extensive than the anterior part of the body and terminates in an

extraordinarily large caudal fin. The cephalo-thoracic shield, which

is formed of comparatively soft integument, is short and leaves

at least the three large posterior thoracic segments to which the

biramous swimming feet belong quite uncovered. The short segments
of the maxillipeds also are not fused with the carapace.

Appendages. The anterior part of the head with the eyes and

antennaa is movable, and the ventral portions of the following

segments covered by the cephalo-thoracic shield are capable of

limited movements upon one another
(fig. 3G9), The anterior

4

FIG. 3G9. Squilla mantif. A', A', antenna; ; ITf, Iff, the anterior maxillipeds on the

cephalothorax ; B', B", li'", the three pairs of biramous legs.

internal antennas consist of a long three-jointed shaft, bearing three

multiarticulate flagella. The second pair of antennae has a large

scale on the outer side of the multiarticulate flagellum (fig. 3G9).

The mandibles, which are placed far back, are provided with a slender

three-jointed palp. The maxillae are relatively small and weak.

The five following pairs of pediform appendages are crowded

together close to the mouth, and on this account have been appro-

priately described as oral feet. They all bear at their base a

discoidal plate, which, in the case of the two anterior pairs, attains :i

considerable size. The anterior pair alone (first maxillipod) is

slender and palpiform ;
it ends, however, in a small chela, which

serves to seize the prey. The chela in this and all the otht c

maxillipeds of the Stomatopoda is formed by the terminal joint

turning 1 back and biting on the penultimate joint. The maxillipeds
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A

of the second pair are by far the largest ; they are moved more or

less outwards and are provided with a very large chela. The three

following pairs resemble each other in size and structure, each

ending in a smaller rounded chela. Accordingly there remain for

locomotion only the three pairs of legs of the last three uncovered

thoracic segments ; they have the form of biramous swimming feet.

The abdominal swimming feet, however, are much more developed
and bear the branchial tufts on their external lamella?.

The two sexes are only slightly different. The male is, however,

easily to be recognised by the possession of the pair of rods at the

base of the last pair of thoracic feet, and also by the slightly modified

form of the first pair of abdominal feet.

.Me tarn orphosis. The

post
-
embryonic development

consists of a complicated

metamorphosis, which, unfor-

tunately, is as yet not com-

pletely known to us. The

youngest larvae observed (about
2 mm. long) already possess

all the segments of the tho-

rax
;
but the abdomen, except

the caudal plate, is still un-

developed. They are thus

very different from the Zorea

of the Decapoda. Later

larval stages are described

as Alima and JSricht/ius (fig.

370).

The Stomatopoda are found

exclusively in the warmer

They are excellent

PIG. 370. Young Alima larva. Af. Abdominal
feet (pleopods); 3Ixf, anterior maxillipeds ;

Mxf, the large maxillipeds (second pair).

seas.

swimmers and live by preying on other marine animals.

Fam. Squillidae. Squilla mantis Bond., Sq. Desmarestii Eisso, Adriatic and

Mediterranean.

(3) Sub-order: Schizopoda.*

Small Thoracostraca with large, usually soft cephalo-thoracic shield

and eitjht pairs of biramous thoracic feet, which are similarlyformed
and frequently bearfreely-projecting gills.

* G. 0. Sars,
" Hist. nat. des Crustacus d'eau douce de Norvcge," Christiapia
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In their outward appearance the Scliizopoda resemble the long-

tailed Decapods, inasmuch as they possess an elongated and usually

compressed body, a large cephalo-thoracic shield covering the thoracic

segments more or less completely and a well-developed abdomen.

In the structure of their maxillipeds and thoracic legs, however, they

differ essentially from the Decapods and approach the more advanced

larvse of the prawns, which they also resemble in their simpler

internal organization. Further, in all the deep sea forms the cephalo-

thoracic shield leaves a greater number of the thoracic segments
free (Siriella), and in the early larval stages all the thoracic seg-

ments are free as in Nebalia. A larger or smaller number of these

free segments subsequently fuse on the dorsal side with the carapace

(Gnathophausia).

Appendages. The first three pairs of thoracic appendages (the

honiologiies of the maxillipeds of the Decapoda} are biranious

ambulatory legs and resemble in structure the following thoracic

legs, which, by the possession of a multiarticulate setigerous exopodite,

are adapted both for swimming and for producing currents in the

water. The two anterior pairs, however, show a closer relation to

the oral appendages by their shorter and stouter form and by the

presence of processes on the basal joint (Mysis, Siriella}. The

principal rainus (endopodite) of the leg is always relatively slender

and ends with a simple Aveak claw or with a multiarticulate tarsal

flagellum. Rarely (Eupliausici) the two last pairs of thoracic legs are

entirely rudimentary, except as regards the largely developed bran-

chial appendages. The abdominal legs are usually small and

delicate in the female, but are strongly developed in the male.

Sometimes they are of abnormal size and form (to assist in copula-

tion), but only exceptionally (male of Siriella) bear gills. The

appendages of the sixth segment, which is usually very much

elongated, are always lamellar, biramous structures and form with

the telson a powerful caudal fin (fig. 371). The inner lamella or

endopodite of this pair of limbs frequently contains an auditory

vesicle.

The differences between the males and females are so great that

formerly they were placed in distinct genera. The former possess,

on the anterior antennae, a comb- shaped prominence bearing a great

number of olfactory hairs
; and, owing to the larger size of the

1867. G. 0. Sars,
"
Carcinologiske Bidrag til Norges Fauna. Mysider,"

Christian, 1870 and 1872. R. v. Willcmoes-Suhm,
" On some Atlant. Crus-

tacea," cf. Trans. Lin. Soc., 1875.
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abdominal feet, of which the anterior may, moreover, be provided -with

copulatory appendages, they are capable of a more rapid and perfect

locomotion than the females, to which fact corresponds again the

greater respiratory requirements and the possession of branchial

appendages in Siriella.

Development. The females bear on the two posterior (Mi/sis) or

at the same time also on the median and anterior (Lophogaster) pairs

of thoracic limbs lamella;,

which form a brood pouch, in

which, as in the Arthrostraca,

the large eggs undergo their

embryonic development. In

other cases (Euphau#ia\ the

development proceeds by meta-

morphosis. The young Eu-

phausia is hatched as a Nau-

plius larva, on which the three

following pairs of appendages

(maxillse and first niaxillipeds)

soon appear as small promi-
nences. The large carapace
of the Nauplius, which is

curved forwards round the

base of the antennas where it

has a serrated edge, is the first

rudiment of the cephalo-tho-

racic shield, and beneath it,

at the sides of the unpaired

eye, the rudiments of the late-

ral eyes are visible. The larva

then, having moulted, assumes

first the form of the Proto-

zoan and then of the Zorea

(described by Dana as Calyp-

topis), which is however pro-
vided with only six pairs of

appendages and a long, already fully segmented, apodal abdomen.
In the numerous succeeding larval stages (Furcilia, Cyrtopia) the

remaining appendages are successively developed.

Fam- Mysidas. Mi/sis -culgaris Thomps., M.jlc.ruosn 0. Fr. Mull., M. incrmte
Eacthk, Northern sens Rir'u-Ua JMwardxii Cls.

FIG. 371. Mysis oi-nJafa. Female roth brood
lamellae (after G. O. Sara). Gb, Auditory
vesicle.
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Fam. Euphausidae. Eiqihaitsia splendens Dana, Atl. Ocean. T/tysanopoda

norwegica iSars.

Fam. Lophogastridae. Lophogaster typicus Sars, Norway.

(4) Sub-order : Decapoda.*

PodopJitJialmia with large dorsal cephalo-thoracic shield, which is

usually fused with all the segments of the head and thorax. They
have three (two) 2}a^rs f maxillipeds and ten (twelve) ambulatory

limbs, some of which are armed with chelce.

The head and thorax are completely covered by the dorsal carapace,

the lateral expansions of which cover the basal joints of the maxil-

lipeds and legs, forming a branchial chamber on either side, in which

the gills are concealed. Only the last thoracic segment may retain

its independence and be more or less movable. The shell is pro-

longed into a frontal spine (the rostrum) between the eyes. The

firm, calcified integument of the dorsal carapace presents, especially

in the larger forms, symmetrical prominences caused by the sub-

jacent internal organs : these may be distinguished as regions and

named in accordance with the internal organs.

The abdomen presents considerable differences both of size and

form throughout the sub-order. In the Macrura it is of considerable

size, possesses a hard exoskeleton, and, in addition to the five pairs of

feet of which the anterior are often aborted in the female, is

provided with a large swimming fin (the telson and the pair of

large swimming feet of the sixth segment). In the Brachyura the

abdomen is without a caudal fin and is reduced to a broad (female)

or a narrow triangular (male) plate, which is bent up against the

concave sternal surface of the thorax. The abdominal feet also are

slender and styliform, and in the male are only developed on the two

anterior segments.

Appendages. The anterior antennas in the Brachyura are often

concealed in lateral pits; they usually arise beneath the movably
articulated eye-stalks, and consist of a three-jointed basal portion

bearing two or three multiarticulate ilagella. The posterior antennre

*
Hcrbst,

" Ycrsuch einer Naturgeschichte der Krabben und Krcbsc," 3

P.dc., Berlin, 1782-1804. Leach. " Malarnstraea podophthalma Hritanniae,"
London 1817 to 1821. Th. Bell.

" A history of the British stalk-eyed Crustacea,"

London, 1853. H. Eathke,
"
Untcrsuchunjren liber die Bildung und Entwick-

elung des Flusskrebses," Leipzig, 182!). S pence Bate,
" On the development

If Decapod Crustacea," Phil. Trans, nf the lltnj. .SV., London, 1S59. C. Claus,"
Zur Kenntniss der Malacostrakenlarvcn," Wurzb. naturirix.*. Zritt-rhr., Tom

II., 1861. Fr. Miiller, "Die Yerwandlnn- der Garneclcn," Archie fur
Naturgesch., Tom XIX., 18G3. Fr. Miiller,

" Fur Darwin," Leipzig, 1864.
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are usually inserted externally and somewhat ventrally to the first

pair on a flat plate placed in front of the mouth (epistom or oral

shield) : they frequently possess a scale-like lamellar appendage. At

their base there is always a protuberance with a pore at its end,

through which the duct of the antennal gland (green gland) opens.

The mandibles vary considerably in shape in the different forms,

but have, as a rule, a two or three-jointed palp, which, however, is

absent in many prawns (Candida?). They are either straight and

strongly toothed on their thickened anterior edge (Brachyvra), or

are slender and much bent (Crangon), or else forked at the ends

(Palcemonidce and Alpheidie). The anterior maxilla? always consist

of two lamella? and a palp, which is usually simple. The posterior

maxillae, on which there are usually four lamella? (two double

lamellae) as well as palps, bear a large respiratory plate with setose

edges (scaphognathite). These are followed by three pairs of

maxillipeds, which, as a rule, have a flagellate appendage. There

remain, therefore, only

five pairs of thoracic

appendages for use as

legs ; of these the two

last are sometimes re-

duced or may even be

entirely absent (Leuci-

fer) as the result of

FIG. 372. Young form (larva) of the lobster (after G. retrogressive changes.
O. Bars). R, rostrum; A', A", antenna?; '". third mi flim-ioin spornpnts
maxilliped ;

F anterior ambulatory leg.

to which the ambulatory

legs belong are, as a rule, all or all but the last fused together

and form on the ventral side a continuous plate, which in all the

Brachyura is broad. The legs consist of seven joints, which corre-

spond to those of the Arthrostraca, and frequently end with a chela

or prehensile hand.

Development. The greater number of marine Decapoda leave

the egg membranes in the zooea form
;
in Jlomarus, amongst the

Macrura, the metamorphosis is much reduced and the just-hatched

young possesses all the thoracic legs, which are, however, provided

with external swimming rami, but it is still without the abdominal

feet (fig. 372).

Embryonic development. In addition to the classical researches

of Ilathke * on the crayfish, more recent works, especially those of

* Besides Rathke 1. c. and Lercboullet 1. c. t
and a Eussian paper of Bobretzky,
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Bobretzky (prawns and cray-fish) and Reichenbach (cray-fish) have

yielded important results. Tlie segmentation seems (in all cases?)

to be superficial (centrolecithal), that is, to be confined to the

peripheral yolk (formative yolk). This divides successively into two,

four, eight, and an increasing number of segmentation cells, while

the central granular food yolk, which is rich in oil globules, remains

unsegrnented. The young of Astacus, when hatched, resemble the

adult animal, excepting that the caudal fin is still rudimentary.

I. MACRUEA.

The abdomen is strongly developed and is at least as long as the

anterior part of the body ;
there are four or five pairs of abdominal

feet and a broad, well-developed caudal fin. The aiitennules bear

two or three flagella, the antennae have one simple flagellum and

frecj[uently bear a scale at the base. The maxillipeds of the third

pair are long and pediform and do not completely cover the pre-

ceding ones. The Zocea larva, when hatched, is elongated and has

usually three pair of biramous feet.

Fam. Carid.id.ae. Prawns. Body laterally compressed, with a thin shell, which

is often provided with a median ridge and prolonged into a saw-like frontal

process. The posterior (external) antennas are inserted beneath the anterior

(internal) and have a large scale projecting over the stalk. The long and
slender anterior pairs of ambulatory legs frequently end in chclre. They live in

shoals near the coast. Some genera (Pcnceus) possess a rudimentary swimming
ramus. Palcemon squilla L., Crangon vulgar is Fabr., Pontonia tyrrltena Risso.

lives between the shells of bivalves. Sergcstcs atlanticus Edw.
Fam. Astacidae. Tolerably large, usually with a hard shell. The cephalo-

thorax is slightly compressed, the abdomen flattened. The antenna are attached

near the antennules, and bear a small or quite reduced scale at their base. The
first pair of ambulatory feet ends with large chelae, as do in many cases the

weaker and smaller second and third pairs. Some soft-skinned forms bury
themselves in the mud or sand. Astacus fluviatilis ~Rond., Crayfish. Homarun

vulgaris Bel., Lobster. Neplirops normcgicus L., Gclui Leach., Thalassina

Latr., CiillianiiMit, subterranea Mont., buries itself in sand on the sea-shore.

Fam. Loricata. With very hard, rough armour, and large broad abdomen
The antenuules end with two short flagella ;

all five pairs of ambulatory feet

with simple claws. The larra are described as species of Phyllosaiiiu.

Palinurus quadriccrnis Latr. Sci/Uarus latus Latr.

Fam. Galatheidae. With broad, rather large abdomen, and well-developed
caudal fin. The first pair of legs is chelate, the last is weak and reduced.

Galatlica strlgosa L.

Fam. Hippidae. Cephalo-thoracic shield long ;
end of the abdomen curved.

The first pair of legs usually with a finger-shaped terminal joint ;
the last is

Kiew, 1873, compare H. Reichenbach,
" Die Embryonalanlage und erstc Ent-

wickelung des Flusskrcbses," Zritschr. fur wins. Zool. t
Tom XXIX., 1877.
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weak. Hippa errmita L., lives buried in the sea sand, Brazil.

symnista Fabr., Mediterranean.

Fain. Paguridae. Hermit crabs. Abdomen long, usually covered with a soft

skin and distorted, with narrow anal fin and rudimentary abdominal feet.

The first pair of feet ends with powerful chelre, the two last are reduced. Some
of them seek shelter in empty snail shells, to protect their soft-skinned abdo-

minal region. Paijurvs SernJtardus L., Caenobita ruyosa Edw., Biryus latro

Hcrbst, said to climb palm-trees.

II. BRACHYURA.

With pits for the reception of the short internal (anterior) antennae

and so-called orbits, i.e., cavities for the reception of the stalked eyes.

Abdomen short and reduced, without caudal fin, curved round against

the excavated ventral surface of the thorax
;
in the male narrow and

pointed, with only one, more rarely two pairs of abdominal feet
;
in

the female broad, with four pairs of abdominal feet. In the female

each oviduct dilates to form a bursa copulatrix. The third pair of

maxillipeds have broad flat joints and completely cover the anterior

mouth parts. The just-hatched Zocea larvse of stout shape, with

only two pairs of biranious feet and a dorsal spine ;
later they assume

the Megalopa form. Many Brachyura live on land.

Fam. Notopoda. Transitional between the Brachyura, and Macrura. The

two or four posterior thoracic feet are articulated higher up than the four or three

posterior pairs, and shifted on to the back. The first pair of feet has large

chelte, the last is often modified to swimming feet. Porccllana platijehdrs

Penn, Dromia rnlijaris Edw., LitTwdes, Latr.

Farn. Oxystomata. With rounded cephalo-thorax. The frontal region does

not project. The buccal frame is triangular. The male genital openings are on the

basal joint of the last pair of thoracic legs. Calappa granulata L., Ilia, nucleus

Herbst, Mediterranean.

Fam. Oxyrhyncha. Cephalo-thorax usually triangular, with projecting

pointed rostrum. There are nine gills on either side. The male genital

opening is on the basal joint of the last pair of thoracic legs. The thoracic

ganglia are united into one mass. They do not swim but crawl. Inaclnis

xcnrjni) Fabr.. Mtijii- xiji/inado Bond.. Pisa armata Latr., Stfiwrliynclius Lam.

Fam. Cyclometopa. With broad, short cephalo-thorax, rounded anteriorly.

Without projecting frontal rostrum. There are nine gills on either side. The

male genital opening is on the basal joint of the last pair of thoracic legs. Some

of them are good swimmers. Cancer 2><
lO vrus "-" Xantho rivulosui Eisso,

Mediterranean. Carcimtx mcrnas L., Purtunuapviber L.

Fam. Catometopa. Quadrilatera. Cephalo-thorax quadrilateral. Frontal

region is curved downwards. There are fewer than nine gills. The male

genital openings usually lie on the sternum. Some of them live for a long

rime away from the water. Some live in holes in the earth, as land crabs.

PhiiKitJinra jilxiim- L., in the shells of Mytilus. P. vctcrum. Bosc., in the shells

of Pinna ;
known to the ancients, who thought that there was a relation of

mutual assistance between the crab and the mollusk. Ocypoda cursor Bel.,
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Gelasiunix forceps Latr., Grupsus variias Latr., Gecarcinus rurlcola L., Land

Crabs. Water is retained for a long time in the branchial cavities, owing to the

presence of secondary spaces around the branchial plates, which are thus pre-

vented from sticking together. They live in holes in the earth in the Antilles.

III. GIGANTOSTHACA.

The Xiphosura or Poecilopoda, represented by the living genus
Limidus and the orders of the fossil Merostomata, may be united

under this head, as opposed to the Entomostraca and Malacostraca.

They are principally characterised by the possession of a single

pair of appendages placed in front of the mouth and innervated from

the cerebral ganglion, also by the presence of four or five pairs of

legs, which are placed round the mouth and whose basal joints are

modified to form large mandible-like masticatory organs. Behind

the last pair of legs there is a simple or cleft prominence, forming
a sort of underlip. The region of the body which bears these appen-

dages is to be considered as an unsegmented cephalo-thorax ;
it is

shield-shaped and may be drawn out into projecting wing-shaped
lateral portions. On its upper surface two small median frontal eyes

as well asttwo large lateral eyes can be distinguished. Following the

cephalo-thorax there is an abdomen, which is usually elongated and

composed of a greater number of segments. The abdomen tapers

posteriorly and terminates in a telson, which may be flat or drawn

out into the form of a spine.

Order 1. MEROSTOJIATA.*

Gigantostraca with five pairs of appendages on the ccplialo-tliorax

which is relatively short ; with an elongated apodal abdomen, usually

composed of twelve segments and ending in aflat or styliform telson.

The powerful body of the Eurypteridce (included with the Pcecilo-

poda by Woodward), as the most important family of the Merostomata

is named after the genus Eurypterus, consists of a cephalo-thoracic

shield with median ocelli as well as large projecting marginal eyes, also

of an abdomen with numerous (usually twelve) segments which become

longer posteriorly, and of a caudal shield, which is prolonged into a

spine. Round the mouth on the underside of the cephalo-thorax

* Woodward, "
Monograph of the Brit, fossil Crustacea belonging to the

order of Merostomata." P. I.. $ II., Paloaont. Sue. ofLondon, 1866-1869. Wood-
ward,

" On some points in the structure of the Xiphosura, having reference to

their relationship with the Eurypteridaj," Quarterly Journ. Gi'ol.Soc. of London,
1867 and 1871.
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there are five pairs of long spiny leg.s, of which the last is much the

largest and ends in a broad swimming-fin. Some of the anterior

appendages may be armed with a chela. The resemblance of the true

Eurypteridce (in the general shape of their body) to the ticorpionidce

is very striking, while the genus Hemiaspis presents affinities to the

Pcecilopoda. The most important forms are: Eurypterus pygmceus

SaFt., Devonian strata, Pterygotus anglicus Ag., four feet long, from

the upper Silurian (fig. 373).

FIG. 3~3.Euryptrrns remipfs after Nieszkowski. a, Dorsal view ; b, ventral view; O, eyes;
Sf. caudal spine ; H, hypostome.

Order 2. XIPHOSURA.*

Giyantostraca ivhose body is divided into three parts, icJiich are

movably articulated together ; a large shield-shaped cephalo-thorax, an

abdomen withfive jxtirs of lamellarfeet and a long movable caudal spine.

The large body of these Crustacea is covered with a strong chiti-

* C. Gcgcnbaur,
" Anatomischc Untersuchung eincs Limulus, mit besonderer

Beriicksichtigung <1'T Gewcbe," AUmntJl. (?,> naturforxch. Gesi'lhcliaft zu

JfaUt', IV.. 1858. Packard. ''The Development of Limulus Polyphemus.'
1

Sue.

of Nttt Hint.. 1870. A. M. Edwards. ' Kcchcvchcs sur 1'anatomie dcs Liinules,"

Ann. w. nat. Vc Ser. Tom. XVII.. 1872-1873. [E. R. Lankestor, "Limulus
an Arachnid.'' Quart. Journ. Mir. Soc., vol. xxi.]
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nous .armour and is divided into an arched cephalo-thorax and a flat,

almost hexagonal abdomen, which ends in a movable sword-like

caudal spine. The cephalo-thorax (fig. 374) forms by far the larger

part of the body ; it bears on its arched dorsal surface two large

compound eyes, and further forwards, nearer the middle line, two

smaller simple eyes ;
while on its ventral surface there are six pairs

of appendages, of which the anterior pair

is slender and may, on account of its

position in front of the mouth, be re-

garded as a pair of antennae, although it

ends, like the others, with a chela. The

latter are placed to the right and left

of the mouth, and their coxal joints serve

as organs for the mastication of the food.

At the end of the cephalo-thorax there

is a pair of lamellar appendages, which

are connected in the middle line and form

a kind of operculum for the branchial ap-

pendages of the abdomen. It seems of

interest that the form of this branchial

operculum in the Asiatic and American

species presents constant differences, in

that the median portion in the former is

undivided, and hi the latter consists of

two joints. The shield-shaped abdomen

which, by means of a transverse joint, is

movable on the cephalic shield in a dorso-

ventral direction, is armed on either side

with movable spines, and bears on its ven-

tral surface five pairs of lamellar feet,

which are almost completely covered by
the operculum. These abdominal feet

assist both in swimming and in respira-

tion, since the respiratory lamella? are

placed on them (fig. 374, , b).

The internal organization attains a re-

latively high development in correspondence
with the large size of the body. In the

nervous system the following parts can be distinguished : a broad

cesophageal ring, the anterior part of which constitutes the brain

and gives off the optic nerves, while from tho literal parts the
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A
FIG. 374. a Limulut molueeanut,

seen from the dorsal side

(after Huxley)- O, eyes; St,

caudal spine. I, L. rntiiinii-

rauda (after M. ]<M\v:irdM,

seen from the ventral side. A
Antenna1

; B, the feet with

their coxal jaws ; K, gills ; O>>,

operculum.
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six pairs of nerves to the antennae and legs take their origin ;
a

siibcespphageal ganglionic mass with three transverse commissures ;

and a double ganglionic cord, which gives oft* branches to the ventral

feet and ends with a double ganglion in the abdomen. The alimen-

tary canal consists of oesophagus, masticatory stomach, and a straight

intestine communicating with a liver and opening by the anus, which

is placed immediately in front of the base of the caudal spine.

The heart is elongated and tubular, and is pierced by eight pairs

of slits, which can be closed with valves; it is also provided with

arteries, which, after a short course, pass into lacunar blood paths.

From the base of the gills, two spaces, returning the blood, extend to

the pericardia! sinus.

Five pairs of appendages of the abdominal feet function as gills.

These are composed of a very large

number of delicate lamella3
, lying one

on another like the leaves of a book.

Generative organs. The branched

ovaries unite to foflm two oviducts,

which open by separate openings on

the under side of the operculum (first

pair of abdominal limbs) ;
in the male

the openings of the two seminal ducts

are placed in the same position. In

the male, the anterior thoracic feet

end in simple claws.

Development. It is known that the young leave the egg without

the caudal spine and often without the three posterior pairs of gill-

bearing feet. This stage has been suitably named the Trilobite

stage, on account of the resemblance which the larva presents to a

Trilobite
(fig. 375). On the cephalic shield there is a median keel-

like ridge, which is also found on the abdominal segments. The

last abdominal segment includes between its lateral portions the

short rudiment of the caudal spine. In the next stage the segmen-
tation of the abdomen becomes less obvious (the caudal shield

becomes consolidated) and the caudal spine developed.

The adult animals reach a length of several feet, and live

exclusively in the warm seas, in the Indian Archipelago and on the

east coast of America. They exist at a depth of two to six fathoms

and move about in the mud by the alternating bending and

straightening of the cephalic and abdominal shields and the caudal

spine. Their food consists chiefly of Nereids. They are found in a

FIG. 3?5. Embryo of Limning in the

Trilobite stage (after A. Dohrn).
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fossil state, especially in the Sohlenhofen lithographic slate, but also

in older formations as far back as the Uebergangsgebirge (Cambrian,

Silurian, etc.) formation.

Linmlus moluccanus Latr., East Indies. L. polypliemus L., East Coast of

North America.

TRILOBITA.*

In connection with the Merostomata and the Xiphosura, the

Trilobites may be considered. Their systematic position cannot as

yet be defined with certainty.

They lived only in the most an-

cient periods of the earth's his-

tory, and their fossil remains are

found in great numbers and are

excellently preserved ; but, un-

fortunately, the conditions under

which they were fossilised were

such that the under side of the

body, and, consequently, the

structure of the appendages, that

is the very characters which

would enable us to decide their

affinities, remain unknown to

us. We may probably infer

from this absence of any trace of

appendages
* in the fossils, that

the legs were soft and delicate ;

but Burmeister's conclusion that

they resembled the legs of the

Phyllopoda is not justified .

The body, which is frequently

found rolled up, is covered with

a thick shell, which is divided by two parallel longitudinal furrows

into an elevated median portion (rhachis) and two lateral portions

(pleura): it rarely attains any considerable size. There is an

*
Burmeister, "Die Organisation der Trilobiten," etc., Berlin, 1843. Beyrich,

'

Untersuchungen liber Trilobiten," Berlin, 1845, 184<>. J. Barrande,
"
Systcme

silurien du centre de la Boheme," Prague, 1852. S. W. Salter, "A monograph
of the British Trilobites," London, 1864-1866.

* Portions of appendages have been recently observed on the ventral surface

of an Axapltitx ("Notes on some Specimens of Lower Silurian Trilobites," by
E. Billings ;

also "Note on the Palpus and other appendages of Asaphus," etc.,

by H. Woodward, Quart. Join-n. of the Gcolofj. S/>c., London, 1870), which are

said to point to the affinity of Triloliteg with the Iiti>2>oda.

FIG. 376. Diagram of Dalmatifei (after

Pictet). Gl, Glabellum ; Sf, groat suture

(ocular suture); 0, eyes; Ge, separable gena
(cheeks) ; Rh, rhachis (tergum) ; PI, pleu-
ron ; Pff, pygidium.
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anterior arched, semicircular region, which may be regarded as

head or perhaps as cephalo-thorax, and a number of sharply dis-

tinct segments, which belong partly to the thorax and partly to

the abdomen and are terminated by a larger shield-shaped caudal

portion, the pygidium (fig. 376).

At the edge of the pygidium, the armour of the upper surface is

folded round on to the ventral side and leaves only the middle part

of the latter uncovered. The lateral regions of the head, the

median part of which especially projects as the "
ylabelhim," bear

usually upon two protuberances large compound facetted eyes, and

are often prolonged into two very long backwardly directed spines;

they are also folded inwards on to the ventral surface. With
the exception of a plate (hypostoma) comparable to the under-lip

of Apus, no trace of mouth parts has been observed for certain on

the ventral surface of the head. The number of thoracic (trunk)

segments varies considerably, but is tolerably definite for the adults

of each species. Their lateral portions are likewise folded inwards

on to the ventral surface, and present variously shaped wing-like

processes and long pointed spines.

The Trilobites lived in the sea, probably in shoals in shallow water

near the coast. Their fossils are amongst the most ancient remains

of animal life, and are found principally in Bohemia, Russia, Sweden

etc., in the lowest strata of the Uebergangsgebirge (Cambrian,

Silurian, etc.) They have been divided into numerous families

according to the structure of the head (especially of the glabellum),
the form of the pygidium and the number of segments. The most

important genera are Calymene Blumenbachii Brogn ; Olenus yibbosus

Wahlb., Ettipsocephalus Hoffii Schlotth.

Class II ARACHNIDA *

Air-breathing Arthropoda with fused head and thorax, with two

pairs ofjaws, four pairs of ambulatory legs and apodal abdomen.

The Arachnida. include animals of extraordinarily different form.

The head and thorax are almost invariably fused to form a short

cepholo-thorax ;
but the condition of the abdomen presents very

great variations.

* C. A. Walokenaer ct P. Gervais,
" Histoire naturelle des Inscctes Aptercs,"

3 Vols.. Paris, 1837-1844. Ifalm und Koch, " Die Arachnid.cn, gctreu nach
der Natur abgebildet und btschriebcn," Niirnbcrg, 1831-1849. E. Blanchard,
"
Organisation du regne animal. Arach.nid.es," Paris, 1800.
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In the Spiders (Araneida) the abdomen is swollen and is joined

to the cephalo-thorax by a short stalk. In the Scorpionidce, on the

contrary, the long abdomen is joined to the cephalo-thorax by its

whole breadth, and is divided into a broad segmented prse-abdomen

and a narrow, very movable post-abdomen, which is also seg-

mented. In the Mites LAcarinci) the abdomen is unsegmented and

fused with the cephalo-thorax. In the Pentastomida the entire

body is elongated, ringed and vermiform, with four (two pairs of)

hooks in place of the appendages; these animals are known as

Linguatulida, and might be placed, on account of their parasitism,

amongst the intestinal worms.

The marked reduction of the cephalic region, which is without

true antenna? and possesses only two pair of oral appendages, is

characteristic of the Arachnida. The anterior pair of cephalic

appendages (chelicerse), which are used as jaws, have been regarded

as modified antennas
;
but it is perhaps more natural to regard them

as morphologically equivalent to the mandibles of Crustaceans and

Insects. These anterior jaws or chelicerpe are either chelate, in

which case the claw-like terminal joint can be moved against a

process of the preceding joint (Scorpions, many Acarina), or sub-

chelate, when the last joint is folded down upon the next like the

blade of a pocket-knife upon the handle (Spiders).

The cheliceraa may also have the form of stylets, which are

enclosed in a tube formed by the second pair of jaws (Mites). The

latter, which constitute the second pair of appendages of the head or

the pedipalpi, consist of a stout basal joint and a palp, which has fre-

quently the form and segmentation of a leg. This either ends with

or without a claw or with a chela (Scorpions). In the true Spiders

there is an unpaired plate, the lower lip, between the basal joints of

the two pedipalpi and belonging to the same segment as the latter.

The four following pairs of appendages of the thorax are ambulatory

legs. The first of them is sometimes modified in form and elongated

like a palp ; its basal joint may function as a jaw. The legs consist

of six or seven joints, which, in the higher forms, have been called by
the same names as the analogous regions of the Insect leg.

The internal organization of the Arachnida shows hardly fewer

differences than does that of the Crustacea. The nervous system

may have the form of a common ganglionic mass around the oeso-

phagus (Mites), and may even possess only a simple commissure

above the oesophagus (Pentastomida). As a rule, however, there is a

distinct separation between brain and ventral cord, the latter showing
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very different grades of development. Visceral nerves have been

shown to exist in the Spiders and Scorpions. The sense organs are,

as a rule, not so highly developed as in the Crustacea, and, putting on

one side the tactile function of the extremities, are confined to eyes.

The eyes are simple and immovable, and never possess a facetted

cornea ; they are from two to twelve in number, and are sym-

metrically arranged on the anterior surface of the cephalo-thoracic

shield. Auditory organs have not yet been discovered, but there

are tactile and olfactory organs.

The alimentary canal runs straight from the mouth to the hind

end of the body, and is divided into a narrow oesophagus and a wide

intestine, which is, as a rule, provided with lateral caeca. The intes-

tine is, in the Spiders and Scorpions, divided into an anterior dilated

portion the so-called stomach and the intestine proper. The

glandular appendages of the digestive canal are salivary glands ; in

Spiders and Scorpions, a liver, composed of a number of branched

canals
; and, with a few exceptions, Malpighian tubes, which function

as urinary organs and open into the hind end of the intestine.

The organs of circulation and respiration also show very different

degrees of development and are only absent in the lowest Mites.

The heart lies in the abdomen, and is a long, many-chambered dorsal

vessel with lateral slits through which the blood enters. It is fre-

quently continued into an anterior and posterior aorta, and in

Scorpions gives off in addition lateral branching arteries. The organs

of respiration are internal air chambers, which have the form either

of ramified tubes (trachea}}, or of hollow lamellae (fan-tracheae, lungs)

placed upon one another in great number like the leaves of a book

and connected together by trabecula? so as to have the form of a sac.

The air chambers are always kept open by a firm internal chitinous

membrane, so that the air can enter by the paired openings (stig-

mata] of the tracheae or lungs at the beginning of the abdomen,

and be distributed to the finest ramifications. The chitinous lining

may become thickened so as to give rise to a spiral fibre.

Generative organs. With the exception of the hermaphrodite

Tardigrada, all the Arachnida are of separate sexes. The males are

frequently distinguished by external characteristics, as for example

by their smaller size, by the possession of organs of attachment

(Mites), or by the modification of certain appendages. Their genera-

tive organs consist of paired testicular tubes, and the vasa deferentia

often receive the contents of accessory glands before opening to the

exterior by a single or double aperture at the base (anterior end) of
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the abdomen. Special copulatory organs in the region of the genital

openings are, as a rule, wanting, but appendages far removed from

the genital openings (e.g., pedipalpi of Spiders) often serve to transfer

the sperm from the male to the female. The female sexual organs
are also paired, usually racemose glands, with two oviducts, which

usually dilate to a receptaculum seminis before their single or double

opening at the beginning of the abdomen. They are also connected

with accessory glands. Rarely (Pludangiuiii) there is a long pro-

trusible ovipositor.

Only a few of the Arachnida are viviparous (Scorpions and some

Mites) ;
the greater number lay eggs, which they sometimes carry

about with them in sacs till the young are hatched. As a rule, the

just-hatched young have the form of the adult
;
but in most Mites

two or more rarely four legs are wanting, and appear only with the

succeeding moults. The development of the Pygnogonida Pentas-

tomida and Hydrachnea (water-mites) (which latter pass through a

pupa-like inactive stage) consists of a complicated metamorphosis.
Almost all Arachnida live on animals, a few on vegetable juices.

The lowest forms are parasitic. The larger and moi-e highly orga-

nised forms prey on living animals, principally on Insects and Spiders,

and are usually furnished with poison weapons, with which they kill

their prey. Many of them, by means of the secretion of spinning-

glands, spin webs, in which their prey becomes entangled. Most of

them remain during the daytime beneath stones and in hiding-places,

and come out to catch their prey only in the evening and at night.

Order 1. LINGUATULIDA,* PENTASTOMIDA.

Parasitic Arachnida with ringed, elongated, vermiform body, with

two pairs of hooks in the neighbourJtood of the jaivless mouth.

The vermiform ringed body of these parasites, which were for a

long time taken for intestinal worms, is to be regarded as being

principally formed of the extremely enlarged and elongated abdomen,
the cephalo-thorax being much reduced

;
an interpretation which the

form, of the body of the Dermatophili seems to support. In the

adult, jaws are completely wanting, but there are four curved hooks

(two on each side of the mouth, tig. 377), which can be protruded
from pouches in the skin and are attached to special chitinous rods.

These may correspond to the terminal claws of the two posterior

pairs of legs, since the two pairs of legs of the larva, which are to

* E. Lcuckart, "Ban und Entwickelungsgescbichte cler Pentastomidcn,"
Leipzig und Heidelberg, 1860.
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be regarded as the

FIG. 377. Pentattomum

ttcnticuliitum. Young
form of P. teeuioidn.

O, Mouth ; Hf, the

four hooks
; 7), intes-

tine ; A, anus.

anterior appendages, are lost in the course of

development. The nervous system is confined

to a simple suboesophageal nervous mass, with

cesophageal ring and giving off numerous ner-

vous trunks. Eyes and organs of respiration
and circulation are wanting. The alimentary
tract is a simple canal in the middle of the

body, which opens by an anus at the posterior
end. Special cutaneous glands are present in

great numbers and strongly developed. Male
and female are distinguished by considerable

differences in size and by the different position
of the genital openings. While the genita

opening of the surprisingly small male lies not

far behind the mouth, that of the female is situ-

ated near the anus, at the hinder end of the body.
The Linguatulida, when sexually adult, in-

habit the air chambers of warm-blooded animals

and Amphibia. The developmental history of

Pentastomum tcenioides, which lives in the nasal

cavities and in the frontal sinuses of dogs and

wolves, is known from the researches of Leuck-

art. The embryos of this species, while still

enveloped in the egg-membranes, pass out

the nasal mucus on to plants, and thence into

the stomach of Rabbits and Hares, more rarely
into that of Man. When freed from the egg-

niembranes, they pierce the walls of the in-

D

FIB. 378. Young forms of Pen/aitomum ttrnioide* (after R. Leuckart). a. Egg with embryo.

b, Kinbryo with two pairs of hooked feet, IIf and Hf". c, Larva from liver of rabbit.

O, Ganglion ; D, intestine ; J!d, skin glands, il, Older larva. O, mouth ; A, anus ; Od,

genital g-lands.
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testine and reach the liver. There they surround themselves with

a cyst, in which they pass through a series of changes of form, ac-

companied, as in insect larva1
, by repeated ecdyses (fig. 378). When

six months have elapsed, they have attained a considerable size

and have acquired the four oral hooks, as well as a number of finely

serrated superficial rings. They have now reached the stage formerly

described as P. denticulatum (fig. 377), in which they break through
their capsules and begin a fresh migration. They traverse the liver,

and if present in great numbers, occasion the death of their host.

In other cases, on the other hand, they soon become enveloped in

. 379. Ripe male of Atax Sonzi, seen from the dorsal surface (after E. Claparede). El,

Pedipalpus ; G, brain
; Oc, eyes ; T. testis ; N, Y-ahaped gland ; D, intestine ; A,

anus ; lid
, cutaneous glands.

another cyst. If they now pass with the flesh of the Hare or

Rabbit into the buccal cavity of the Dog, they penetrate into the

neighbouring air-chambers, and in two or three months become

sexually mature.

Pentastomum t&nioides Rutl., 80-85 mm., Male only 18-20 mm. long. P.

multicinctum Harl., in the liver of Naja liajc. P. constrictum v. Sieb. Encysted
in the liver of negroes in Egypt.

Order 2. ACARINA,* MITES.

Aruchnida with stout body. The abdomen is unsegmented and
* 0. Fr. Miiller,

"
Hydrachnre," etc., 1781. A. Duges,

" Recherches sur
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fused with the thorax. The oral apparatus is adapted for biting or

piercing and sucking,. Respiration, as a ride, by means of tracheae.

The body of the Acarina is generally small and possesses a

stout and unsegmented form. The head, thorax, and abdomen are

fused into a common mass
(fig. 379). The form of the oral

apparatus varies exceedingly, and may be adapted either for biting

or for piercing and sucking. The chelicerse are accordingly some-

times retractile styles, and are sometimes furnished with claws or

chelae. In the first case, the bases of the pedipalpi form a sheath

which surrounds the styliform chelicerae and serves as a suctorial

rostrum, while the peripheral part of the pedipalpus or palp frequently

projects laterally, and ends

with a claw or chela. The

structure of the four pairs of

legs is not less various, in-

asmuch as they may serve for

crawling, attachment, running
and swimming. They usually

end with two claws, sometimes

in parasitic forms with stalked

suctorial discs.

The nervous system is re-

duced to a common ganglionic

mass representing the brain

and ventral cord. Eyes may
be absent or may be present,

as one or two pairs of simple

eyes.

The alimentary canal is

frequently provided with sali-

vary glands, and gives off on

either side a number of blind saccular diverticula which may be

forked (fig. 380).

Heart and blood vessels are invariably absent, but respiratory

organs are frequently present in the form of tracheae, which arise

1'ordre des Acariens en general et les families des Trombidies, Hydracbnes en

part," Ann. des Sr. Xat., II. Ser., Tom. I. and II. H. Nice-let.
" Histoire

naturcllc des Acariens, etc. Oribatides." ArcJiircn dti wnsee d'hi.if. not..

Tom VII. O. Fiirstenbcrg,
" Die Kvat/.niilben des Menschen und der Tim-re."

Leipzig, 1801. Al. Pagenstecber,
"
Beitriige x.ur Anatomic der Milben," I. and

II., Leipzig, 1860-1861. E. Claparede,
'' Studien an Acariden," Zrltxch r. far

wiss. Zool.\ Tom XVIII., 1868. P. Megnin,
" Les parasites et les maladies

aprasitaires, 1880.

D

FIG. 380 Anatomy of Ixodet Uicinut (after Al.

Pagenstecher). G, Brain ; SpD, salivary gland ;

Dg, ducts of salivary gland ; D, diverticula of

intestine ; A, anus ; N, urinary organ ; Tr,

bundles of trachea? ; St. stigma.
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in tufts from a pair of stigmata, placed, as a rule, before or behind

the last pair of legs (fig. 380, St).

The common generative opening is placed as a rule far away from

the anus, and may be situated anteriorly between the last pair of

legs (fig. 381, a, b).
There may be a special copulatory opening, as in

'

FIG. 381. a, Male; b, female genital organs of A rgat (after A1. ragenstecher). T, Testes ;

Vd, seminal duct
; Dr, prostate gland ; Go, genital opening ; Ov, ovaries

; Od, oviduct ;

U, uterus ; Dr, glandular appendages.

the itch-mites (Sarcoptidce), through which the sperm passes into the

receptaculum. The males are often distinguished not only by their

b

Kta

I),

li

FIG. cS2. Lnrva of a IIydracl.ua. 6, Its pupn. Ef, cbeiicera; JL'f, podipalpus ; Oc, eyes;

S, legs.

appendages, which are more powerful and of a slightly different

form, but also by the possession of posterior suctorial pits,

and sometimes also by the manner of nourishment and mode
of life. The Acarina are, with the exception of the viviparous
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Oribatidce, oviparous. The young are usually hatched with only

three pairs of legs, and undergo a metamorphosis, which in

the ffydrachnidce is distinguished by several larval and pupal

stages (fig.
382 a, 6). Very many Mites are parasitic on animals

and plants, others are predacious and live some on land and others

in water.

Fam. Dermatophili. Small elongated mites with long vermiform, trans-

versely ringed abdomen, with suctorial proboscis, styliform jaws, and four pairs

of short, two-jointed stump-like feet. The only known genus, Demodex

(Simonea), lives in the hair follicles of domestic animals (Dog, Cat, Sheep,

Cow, Horse), and as D. folliculorwm Sim. in the hair follicles of Man, where

they may give rise to comedones (fig. 384).

Fam. Sarcoptidae. Itch mites. Body microscopic in size, stout, and with a soft

skin, with chitinous rods for the support of the appendages.

There are no eyes. The oral apparatus consists of a suc-

torial cone with chelate chclicerse and short laterally-placed

pedi palpi. The legs are short and

stump-shaped, and some or all of

them have stalked suctorial discs.

The males often have suckers and

processes at the posterior end of

the body. The females have a

special vulva and receptaculum
seminis. They live upon or in

the skin of Vertebrates, and occa-

sion the itch and mange. Sar-

coptcs scabici Dug. (fig. 385), itch

mite. With numerous pointed

tubercles, spines and hairs on the

dorsal surface. Legs five-jointed,

the two anterior terminate with

stalked sucker ; the last pair of

legs in the male ends not, as in

the female, in a bristle, but in a
Fio. 383. Female of Pbytop-

'

P , viti,, from the leaf of stalked sucker (fig. 38o). The

the vine (after H. Lan- females only bore deep passages Fio. 381

dois). OP, Ovaries; A, in the epidermis, at the end of folHculorvm (after

anus; Go, genital opening; ^ h ,

j. fl roduce by
B<", "', third and fourth

pair of legs.
thcir pricking the skin disease

known as the itch. The young,

when hatched, possess only three pairs of legs and undergo several moults.

The domestic animals arc infected by different species of Sarcoptidcs, which

may be temporarily transferred to man. Dcrmatodectes eommvnls Fiirst. Sym-
Jilntt-s ctjui Gerl. (fig. 386).

Fam. Tyroglyphidae. Cheese-mites. Of more elongated form, with conical

proboscis, chelate chelicerae, and three-jointed pedipalpi. The five-jointed legs

are tolerably long, and have lobes for attachment and claws. Large suckers,

especially in the male, are often present at the sides of the anus. They live

on animal and vegetable matters. Tyritglyphi/.t siro Gerv. Rhizoyhjphus

Mlcfnin), strongly

magnified ; Jt,

pedipalpus.
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Robini Clap., on roots. Glyc>p7iagvs fccnlarum Guer., on potatoes. Hypopus
Dug., according to Megilin and Robin, contains larval forms, which attach

themselves to insects by their suckers.

Fam. Ixodidae. Ticks. Larger usually blood-sucking mites, with strong
dorsal shield and large, protrusible toothed chelicerse. The pedipalpi are three-

or four-jointed and club-shaped ;
their bases are joined together to form a

a d

FIG. 3S5. Sarnies tcatiei (after Gudden). a. Mile from the ventral side. I, Female from
the ventral side, c, Female from the dorsal surface, d, Larva. Kf, Chelicerse; B"',

third pair of legs.

proboscis, bearing recurved hooks (fig. 387). The slender legs end with two claws.

Two simple eyes are often present. Respiration by trachcas. The Ticks live on

the underwood in forests. The females crawl on to Mammalia and Man, suck

blood, and become much swollen out. The young, when hatched, have three

pairs of legs. In tropical countries the Ticks are of considerable size, and arc

amongst the most troublesome parasites. Lewies ricinvs L. I. rcdnviu*.
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I'li:. 386. SymJiiotn eqid Cfiorinptei xpufli!-

feriit, from ventral side (after Megnin).

a. Mule ; HG, sucker ; 4, young female in

cnpulatory sta^e ; c, female ready to lay.

Fin. 387. Oral apparatus of

(after Al. Pagenstecher). ^, Pro-

boscis ; Kf, chelicera ; Kt, pcilipalpus ;

B' first pair of legs.
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Deg., Argas rej/tejcus, Latr., on Pigeons, occasionally on Man. A.

Fisch. Notorious for its bite.

Fam. Gamasidae. Beetle-mites. Chclicerre chelate. Pedipalpi five-jointed.

The legs end with two claws and a sucker. Tracheae are present. Some of

them lead a free life and are predacious, some are parasitic on Beetles and on

the skin of Birds and Mammals. Gnmasvs coleoptratorvan L., Derinanyssvs
avhtm. Dug.. Pteroptvs vcspertilionis Herm.
Fam. Hydrachnidae. Water-mites. Body globular, often brightly-coloured.

Chelicerje usually with a claw-like terminal joint. They have swimming legs,

and two or four simple eyes. There are trachere. The larva;, when hatched,
adhere with their large suctor'al cone to aquatic Insects, on the blood of which

they live. Hydrachna cruenta, 0. Fr. Mull. Ata.r lionzi Clap., in the mantle

cavity of the Uninn. Limnoeltares holiwriceits Latr.

Fam. Trombidiidae (fig. 388). Body brightly coloured and covered with

hairs
; the pedipalpua has a claw and a lobe-like appendage. Eyes present.

Respiration by tracheae. The hexapodous young live as parasites on Imecta

FIG. 389. Pygnogonum littonile,

(regne animal) AB, pair of legs
used for carrying the eggs.

FIG. 388. Tromtjidium holuteri-

ceum (after Mognin).

and Arachnida, sometimes on Mammalia, and on Man, in whom they (as Ltptux
autumnalli) produce a transitory affection of the skin. Trombidium holose-

riceitm L. Erythr&u*parlet inns Hcrm. Tetranychvs tclearing L. Spinning
mite.

Fam. Oribatidse. Chclicerre retractile .and chelate. Pedipalpus five-jointed,

with toothed biting plate on its basal joint. Ocelli absent. Orilates alatutt

Herm., under moss.

Fam. Bdellidae. The cephalic region is elongated to form a proboscis, and
is distinct from the rest of the body. The chelicera; are chelate. The pedipalpi
are long and thin. The animals creep about on damp ground. liiJclln lonrji-

cornis L.

PYGNOGONIDA.*

Milne Edwards and Kroyer placed the Pygnogonida among the

Crustacea ; latterly, however, they have been generally placed between

* A. Dohrn,
" Die Pantopoden des Golfes von Neapcl und der angrenzenden

Mcercsabschnitte," Eine Monographic, Leipzig, 1881.
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the Mites and Spiders amongst the AracJmida, although they possess

a greater number of appendages than either, inasmuch as the males

have an accessory pair of legs, used in carrying the eggs (tig. 389, A

B}. They are small animals with a conical suctorial proboscis and

rudimentary abdomen (reduced to a tubercle) ; and they live in the

sea, and crawl slowly about amongst the sea-weeds. There are four

pairs of very long, many-jointed legs, which contain tubular diver-

ticula of the stomach and the sexual glands. There are no tracheae.

On the other hand, there is a well-developed heart with an aorta

FIG. 300. Annnonrn jnitjnngannifltt (rjpne miiinnl). Da, prolongations of alimentary
canal into the U-^F.

and several lateral ostia. Above the brain lie four small simple

eyes. There is a considerable ventral chain, composed of several

ganglia. The eggs are carried about on the accessory pair of legs on

the thoi-ax of the male
(fig. 389) till the larvae are hatched.

Pyi/noffimum Jitfuralc 0. Fr. Miiller. North Sea. Pkoxiehilidium Edw.,

Ammnthi-a Leach, A. jn/gnogonoides Quatr. (fig. 390).

TAKDIGRADA.*

The Tardigrada constitute a second group, which is often separated

as a distinct order. They are small mite-like Arachnida, and may
*
Doyerc,

" Mdmoire sur les Tardigraclcs." Ann. tic* >>'<'. Xttt., IIC
S6r., Tom.

XIV., XVII.. XVIII. C. A. S. Schultze. ''MacrobiotusHufelandii, etc,"Berolini

1834.' C. .S. Schultzc,
' Echiuiscus Bcllennanni," Bcrolini, 1S10. Dujardin,
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be defined as hermaphrodite Arachnida with suctorial mouth parts,

and short stumpy legs, without heart or respiratory organs.

The body of these small, slowly-creeping aquatic animals is elon-

gated and vermiform, and prolonged at the anterior extremity into

a suctorial tube, from which two styliform jaws can be protruded.

The four pairs of legs are short tubercles terminated by several

claws
(fig. 391) ;

the last pair is placed at the extreme end of the

body. The nervous system consists of four ganglia connected by

long commissures. The first of

these ganglia corresponds to the

brain and gives off nerves to two

simple eyes and to two sensory

papilla?. Circulatory and respi-

ratory organs are entirely ab-

sent. The alimentary canal

consists of a muscular pharynx
and a stomach beset with short

ca?cal diverticula. The ducts of

two salivary glands of consider-

able size open into the suctorial

proboscis (fig. 391). The Tardi-

grada are hermaphrodite, and

possess a pair of testes and an

unpaired ovarian sac which open

together into the cloaca! termi-

nation of the intestine. They

usually lay large eggs at the

time of moulting, which remain

enclosed in the old cast-off skin

till the young animals are

hatched. Development takes

place without metamorphosis.

The animals live in moss and

algpe in the gutters of roofs, and

also on the sea-beach, and it is specially worthy of remark that,

like the Rotifera, they can, by the addition of moisture, be called

back to life after a long period of desiccation.

Macrolnutns Htifi-landii S. Sch., Milnesium tardigradion Doy., EcJiiniscuf

Sellermanni S. Sch.

" Sur Ics Taidigradcs ct sur nne espece a longs pieds vivant dans Peau de met,"
Ann. des Sc. nat. Ser. III., Tom XV. Also the works of Kaufmann, Greeff and
Max. S. Schultze.

32

FIG. 391. Macrobiotic Schnitzel (after Greeff),

O, Mouth ; Vm, pharynx ; Md, stomach ;

Spd , salivary glands ; Ov, ovary ; T, testes ;

T', vesicula seruinalis.
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Order 3. ARAXEIDA *
^SPIDERS).

Arachnida with poison glands in the subchelate chelicerce; with

pediform pedipalpi and stalked unsegmented abdomen. They have

four or six spinning mcynmillce, and two orfour pulmonary sacs.

The peculiar shape of the true spiders is due to the swollen and

unsegmented abdomen, the base of which is constricted to form the

stalk by which it is united to the rest of the body (fig. 392). The

large subchelate chelicene, which project beyond the front of the

head, consist of a powerful basal portion grooved on the inner side,

and a claw-shaped terminal joint at the point of which the duct of a

poison gland opens (fig. 393). At the moment of the bite the secre-

tion of this gland flows into the wound, and in the

case of small animals causes an almost instanta-

neous death. The pedipalpus bears on its broad

coxal joint, which constitutes a kind of biting-

blade (fig. 392 K), a many-

jointed palp, the terminal re-

gion of which is peculiarly

modified in the male and func-

tions as a copulatory organ.

The mouth is bounded on the

under side by an unpairedJ FIG. 393. Poison gland

plate, forming a sort of lower and terminal joint of

lip. The four pairs of usually

long legs, whose form and size

FIG. 392. Dyidera ery- vary according to the manner
na from the ventral of Jife end with two toothed

side (regne animal).

-2y,cheiicera:.o,pedi. claws, to which a small claw (Tk) and several

paipus; r, basal joint accessOry claws may be added (fig. 394). The
(jaw) of pedipalpus ;

*

p, lungs ; Sf, stigma of abdomen in the female is always larger and more

chelicera of Mygale
(rcgne animal). K,
claw ; Gd, poison-

gland ; S, poison
vesicle.

swollen than in the male
'

at the base
(
anteriop

the trachea?; G, geni- part) of its ventral surface is placed the unpaired
tal opening ; Sf, Spin- , . , . , c i i

uing mammilla.
sexual opening, at the sides or which are the two

slit-like apertures of the lung sacs. There is often

a second pair of stigmata behind these openings leading either into the

* Besides the works of C. A. Walckenaer, Treviranus, C. J. Sundevall, T.
Thorell. Mengc^och, Duges, Lcbert, etc., compare, E. Claparede, _" Eecherchcs
sur 1'evolution des Araignees," Geneve, 1802; E. Claparede, "Etudes sur la

circulation du sang chez les Aranecs du genre Lycnsc." Geneve, 1863 : F.

Plateau,
" Peclicrcries sur la structure de 1'appareil digestif et sur les phono-

menes de la digestion chez les Aranees dipneumones," Bruxcllcs, 1877.
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posterior lung sacs (Mygalidce) or into a system of trachea} (Aryyro-

neta, Dysdera). The anus is placed ventrally at the end of the

abdomen, and is surrounded

by four or six wart- like pro-

tuberances (fig. 395, 8pw\
the spinning or arachnidial

mammillae, from which the

secretion of the spinning

glands passes out. In front

Gb

FIG. 304. a, Leg of the fourth pair of Anwuroliittt

ferox. Ca, Calamistrum. I, End. of foot of Philieu*

chri/aofis with two claws aud pencil consisting of

spatulate hairs (S). c. End of foot of Ej>fira

ditnlema
; K, web-claws ; Tk, ambulatory claw ;

Gl, toothed bristles (accessory elaws) (after O.

Hermann).

of these protuberances there often lies a

peculiar structure called the cribrettuni,

with a covering of very fine hairs (fig.

395, Cr). The spinning glands (fig. 396)
are tubes of various shapes ; they open by
fine pores on the surface of the spinning

papillae, and secrete a viscid material, which

in the air hardens to a fine thread and

is woven by the aid of the claws on the

feet into the well-known spider's web.

Nervous system (fig. 367). Besides the

brain, with the nerves to the eyes and che-

licera?, there is a single, usually star-shaped

gaiiglionic mass in the thorax, from which

nerves pass to the pedipalpi and legs, and

also to the abdomen. Visceral nerves have

also been observed on the alimentary canal.

As a rule there are eight, or more rarely

are disposed in two curved lines or more

FIG. o95. Spinning organ of

Amauroliut ferox (after O.

Hermann). Cr, Cribrellum
;

Sptc, spinning mammilla.

Fio. 39G. Lungs (P), spinning

glands (Spii) anil generative

organs (J'rf) of a male Pholcus

phalanii'mta (regno animal).

It, Eectum with Malpighian
vessels opening into it.

six simple eyes, which

in a quadrate on the
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dorsal surface of the cephalic region behind the frontal margin.
Their arrangement is very regular, and is characteristic for the

different genera (figs. 398 and 399).

K
O
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FIG. 399. Arrange- Fio. JOO. Alimentary canal

ment of the eyes in of Mygate fregne animal).

G, Cerebral ganglion; Ms,
diverticula of stomach ;

X, hepatic ducts
; N, Mai-

pighian vessels; S, rec-

tum.

different spiders

(after Lebert). <?,

Epeira ; b, Tegenaritt ;

c, Dolomedei ; d, Sal-

ticus.

().

FIG. 397,Mygale from the ventral

side, part of the skin is turned aside

(regne animal). K, Chelicera : Bg, m . . .

thoracic gangiionic mass; p, t', fhe alimentary canal
(fig. 400)

lungs; F, lamellae of the lungs; begins beneath the upper lip with an
St, St', stigmata; On, ovary; Stc,

spinning papilla. ascending pharyngeal portion of the

oesophagus, into which a saccular pha-

ryngeal gland opens (salivary gland).

The narrow oesophagus, before passing

into the midgut or intestine, is dilated

to form a suctorial stomach, which is

furnished with powerful muscles aiising

from the dorsal part of the cephalo-

thorax. The midgut is divided into

FIO. 398. Anterior part of the cepha- an anterior part, lying within the
1

cephalo thoracic region and provided
with two anterior and four lateral pairs

of caeca, and into a narrower abdominal small intestine, into which the

ducts of the branched hepatic tubes pour their secretion. The latter
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appears to have a digestive function similar to that of the pancreatic

secretion, inasmuch as it dissolves albumens and transforms amyloid
substances into sugar. The short rectum receives two branched

urinary (Malpighian) canals, and dilates in front of the anal opening
to the form of a vesicle (fig. 400).

A>

St

Fio. 401. Heart and vascular trunks of Lycota, in

lateral and dorsal view (after Claparede).. P,

Lungs ; C, heart; Ao, aorta; O, eyes.

Fio. 402. Sexuil organs cf a

Tegenaria (Fhiloica) domesf icn ,

with the abdomen in outline

(after Bertkau). T, Testis ;
Vd

vas deferens ; St. stigma.

The vascular system is not less highly developed (fig. 401). The

blood flows from the pulsating dorsal vessel placed in the abdomen,

through an anterior aorta into the ce-

phalo-thorax, and thence into lateral arte-

ries, supplying the legs, jaws, brain, and

eyes. The blood returns from these

organs into the abdomen, bathes the so-

called lungs, which are composed of

numerous flattened tubes, and then re-

turns to the dorsal vessel through three

pairs of lateral slits.

The ovaries
(fig. 397) are two racemose

glands surrounded by the liver ; the short

oviducts unite to form a single vagina,
which is usually connected with two long

receptacula seminis and opens on the

ventral surface of the anterior part of the

abdomen between the anterior stigmata.
The testes consist of two long coiled

canals with a common terminal duct, which likewise opens at the

base of the abdomen (fig. 402).

Fio. 403. Terminal part of MIC

pedipalpus of Segrttria ( $ ) with

the receptacle of the spermato-

phores (after Bertkau).
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The males are distinguished from the females by the smaller size

of the abdomen. The females are always oviparous, and frequently

carry their eggs about in special webs (Theridium, Dolomedes). In
the male the pedipalpus is modified to form a copulatory organ ; the

thickened and excavated terminal joint is spoon-shaped, and possesses a

vesicular copulatory appendage with a spirally-twisted fibre
(fig. 403).

Before copulation the male fills this appendage with sperm, and at

the moment of coitus introduces the terminal fibre into the female

genital opening (fig. 404). Sometimes the two sexes live peacefully
near each other on neighbouring webs, or even for a time on the

same web ;
in other cases the female, which is the stronger animal,

lies in wait for the male in the same way as she does for all animals

weaker than herself, and does not spare him even durinf or after

copulation ;
the male, therefore, only approaches her with the greatest

caution.

Development.
The segmenta-

tion of the ovum is

centrolecithal
(fig.

107). The em-

bryos possess, in

addition to the

thoracic appen-

dages, the rudi-

ments of abdomi-
i r . wV,,Vhet

>
* hlch

subsequently abort

(fig. 405). The young, when hatched, already possess the form and

appendages of the adult. They are not, however, sufficiently de-

veloped before the first moult to spin or to capture prey. It is only
after the moult that they become capable of performing these

functions, leave the web of the egg membranes, and begin to spin
threads and to capture small insects. The threads which we find

floating in the air in great numbers in autumn and are known as

gossamer threads are the work of young Spiders, which raise them-
selves in the air by their means, and pass the winter in sheltered

places.

The habits of spiders are so remarkable that they have for a long
time excited the interest of observers. All spiders are predacious,
and suck the juices of other insects ; nevertheless, the manner in

which they get possession of their prey varies much, and often

Fro. 404. Male and female of

Linyphia, during copulation
(after O.Herman).

IO. 405. Spider embryo (after

Bnlfour). AF, Rudiments of

abdomina l feet.
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indicates the possession of highly-developed instincts. The so-called

vagrant spiders do not, as a rule, form nets to catch their prey, but

use the secretion of the spinning glands only to line their hiding-

places and to make their ovisacs. They catch their prey either by

running after it (fig. 406, a), or by springing on it (fig. 406, 6).

Other Spiders (fig. 406, c) are indeed able to run quickly, but they
render the task of catching prey easier by making webs and nets, on

which they move about with great dexterity, while other animals,

especially insects, become very easily entangled. The webs them-

selves are of various kinds, and constructed with more or less skill j

Fig. 406.

Tegnfaria domestic,}

they are either delicate and thin and formed of irregularly arranged

threads, or they are of a felt-like quality and extended horizontaily

or again, they may have the form of vertically placed wheel-shaped
nets

;
in this case they consist of concentric and radial threads, which

are arranged with wonderful regularity, the radial threads meeting
in a central point. Tubular or funnel-shaped hiding-places for the

spider are often found near the webs. Most spiders rest in the

daytime, and go out for prey in the dusk or in the night-time

Many vagrant spiders, however, hunt in the day-time, even when
the sun is shininsr.
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1. Tetrapneumon.es. With four lungs and usually with four

spinning mammillae.

Fam. Mygalidae. Large spiders thickly covered with hairs, with four lungs

and four spinning mammillae, of which two are very small. They do not

construct true webs, but prepare long tubes in the earth, or line their hiding-

places (in clefts in trees or in holes in the earth) with a thick web
; they lie in

wait for their prey (at the entrance of their homes), or they may catch it in the

open by springing. The claw joints of the cheliceras are bent downwards.

Mygale ai-lcularia L., the large Bird Spider of South America, lives in a tubular

web between stones and in crevices in the bark of trees. Cteniza ccementaria

Latr. The trap-door spider in South Europe, lives in tubular holes in the

earth, the entrance to which is closed with an operculum. as with a sort of

trap-door. Atypus Sithcri Latr., in Central Germany, with six spinning
mammillae.

2. Dipneumones. "With two lungs and six spinning mammillae.

Fam. Saltigradae. Springing spiders (fig. 406, b~) with a large arched

cephalo-thorax and eight eyes of unequal size, which are grouped almost in a

square. The anterior legs with stout femoral joints serve with the following legs

for making the leaps by which these animals catch their prey. They do not

construct webs, but spin fine saccular structures in which they remain at night,

and later on keep guard over their egg-sacs. Saltlcus cupreus, formicariitx

Koch. Mynnecln Latr., in Brazil, resemble ants in form.

Fam. Citigradae = Lycosidae. Wolf-spiders. With long oval cephalo-thorax,
which is narrow anteriorly, but is strongly arched. There are eight eyes, which

are usually arranged in three transverse rows. They run about with their long

strong legs in pursuit of their prey. By day they are usually concealed beneath

stones, in hiding-places, which they line with their webs. The females

frequently sit on their egg-sacs, or carry them about on the abdomen, and

usually protect the young for some time after they are hatched. Dulomedes

mlralriUs Walk. (fig. 406, ). Lycosa saccata'L., tarantula L., the Tarantula

Spicier of Spain and Italy. It lives in holes in the ground, and its bite, accord-

ing to the erroneous popular belief, occasions the dancing madness.

Fam. Laterigradae = Thomisidae. Crab-spiders. With rounded cephalo-thorax
and flattened abdomen. The two anterior pairs of legs are longer than the

following legs. They only spin isolated threads. They hunt insects beneath

leaves running sideways and backwards. Micrommata snuiragdina, Fabr.,
TJiumlxHK citine.t Geoff r. (fig. 400, d).

Fam. Tubitelae. Tube spinners. With six or eight eyes arranged in two
transverse rows, which arc usually curved. The two middle pairs of legs are

the shortest, the hindermost pair often the longest. They spin for the capture
of their prey horizontal webs with tubes in which they lie in wait. Tegenarla
rfciiicstica. L. (fig. 40G, o) (Winkelspinne). Others, as Agelcna lalyrhifhicti.

L., construct funnel-shaped webs or, as Clublonn Itoloscricca L.. saccular recep-
tacles. A nji/rtiiii-tn- uqiiatica L., water spiders, with longer anterior pair of legs.

The body has a silvery appearance, owing to the numerous air-bubbles which

adhere to the hairs with which it is covered. It spins a bell-shaped water-

tight web, which it fills with air like a diving-bell and attaches to water-

plants.

Fam. Ineequitelas. Web spinners. With eight unequally large eyes arranged
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in two transverse rows, and long anterior legs. They construct irregular webs,

the threads of which cross one another in all directions, and live on their

webs. Ther/dhim shypMum Clerck., Pholciuphalangioides Walck.

Fam. Orbitelae. Wheel spinners. Head and thorax separated by a furrow ;

abdomen swollen to a globular form. The eight eyes are arranged rather

irregularly in two rows, and the anterior legs are longer than the following legs.

The legs of the third pair are the shortest. They spin perpendicularly hanging

wheel-shaped webs with concentric and radial threads, and lie in wait in the

middle point or in a remote hiding-place, which they surround with a web.

JSfcira diadema L., cross spider*.

FIG. 407. Phalanjium ojtllio $ (rormtfum) (regne anim.il).

FIG. ^S. Male and female generative orpnns of Phalangium, ojiilio (after Kroh;:). T,
Testis ; Vd, vasa deferentia

; P, penis with accessory glands ; 11, retractor muscles ; Or,

ovary ; U, uterus
; Of, ovipositor.

Order 4. PHALANGIIDA. *

Arachnida withfour 2)(tirs of long, slender legs, with chelate cJielicerce

and segmented abdomenjoined by its ivhole breadth to the cephalo-tliorax.

They have no spinning glands, and breathe by tracheae.

*
Meade,

"
Monograph of the British species of Phalangiidse," Ann. of nat.
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The Phalangiida (fig. 407) resemble the true spiders in their

general appearance, but differ from them by possessing chelate

chelicerte which are bent downwards, by the form of the abdomen,

the tracheal respiration, and the absence of spinning glands. The

Pedipalpi are either filiform or pediform, and are armed with claws.

The abdomen consists, as a rule, of six or more rarely eight or nine

segments, and is joined to the cephalo-thorax by its whole breadth.

The nervous system is divided into a brain and a thoracic

gansjlionic mass, whence arise two visceral nerves which formDO *

ganglia in their course on either side. There are two or fourO O

simple eyes. The organs of respiration, which in all cases consist

of tracheae branching within the body, open by a single pair of

stigmata, usually beneath the coxa of the last pair of legs. The

heart consists of a long dorsal vessel divided into three chambers.

The stomach is provided with a number of caeca, of which the last

extend as far as the anus. The male as well as the female genital

opening lies between the posterior pair of legs. In the male a long

tubular copulatory organ, and in the female a long ovipositor can be

protruded from the opening (fig. 408). The production of ova as

well of spermatozoa in the testis, as was observed by Krohn and

Treviranus in almost all males, is remarkable.

The PJialangiidce usually conceal themselves during the day and go

out at night to capture prey. The South American species are very

numerous, and of very strange form.

Fam. Phalangiidae. With characters of the order. Phalangium opilio L.

(fig. 407). Gonyleptus horridus Kirb. To this group also belongs Cypliopli-

thalinux durlcorius Jos., and the genus GlboceUum Stock.

Order 5. PEDIPALPI *
(SCORPION-SPIDERS).

Arachnida of considerable size ; jaws provided ivith claws, and the

anterior pair of the legs elongated, resembling antennce. The abdomen

ft as eleven or twelve segments, and is clearly marked offfrom the rest

of the body.

The Scorpion-spiders (fig. 409) are allied both to the Spiders and

the Scorpions. The abdomen, which is always separated from the

cephalo-thorax by a constricted portion, is divided into a considerable

number of segments, but presents no distinction into a broad prae-

abdomen and a thin styliform post-abdomen as in the Scorpions.

* H. Lucas,
" Essai sur une monographic du genre Thelyphonus," Magus.

dr, Zool., 1835. J. v. d. Hoeven,
"
Bijdragen tot de kennis van het gcslacht

Phrynus," Tijdsclir. voor nat. GescMrd. IX., 1842.
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In the genus Tlidyphonus, however, which is most closely allied to

the Scorpions, the three last segments of the abdomen are narrowed

to the form of a short tube, the end of which is prolonged into a

long-jointed appendage. The chelicerze are always provided with

claws, and probably, as in the spiders, contain a poison gland, since

the bite of these animals is much feared. The Pedipalpi, on the other

hand, are sometimes of considerable strength and armed with a claw

and several spines (Phrynus). Sometimes (Thelyphonus) they are,

as in the Scorpions, ehelate. The legs of the anterior pair are

always very long and thin, and end with a flagelliform ringed

portion. There are eight eyes, of which the two largest are placed

FIG. 403. Phrynus reniformis (regne animal). Kt, Pedipalpi ; Gb, flaselliform anterior leg.

in the middle of the cephalo-thoracic shield, while the three smaller

pairs are sitated on each side behind the frontal margin. They
breathe by means of four lung sacs, composed of a very large
number of lamellar tubes. The slit-like openings of the lung sacs

lio on either side of the posterior margin of the second and third

abdominal segments. In the structure of the alimentary canal they
resemble the Scorpions, in that of the nervous system the Spiders
The genus Phrynus is viviparous. All the Pedipalpi live in the

tropics of the Old and New World.

Fam. Phrynidse. With the characters of the order. Phrynns Oliv. The large
broad pedipalpi are armed with a number of spines and end with a claw. The

masticating blades are free. The abdomen is flat and relatively short, and has
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eleven segments and no jointed aiial filament. Ph. rtniforniix Latr., in Brazil.

ThflyjrttoHUs Latr. The chelicerae are short and end in a chela, their masti-

cating blades fuse in the middle line. The elongated twelve-ringed abdomen
with segmented anal filament. T. caudatus Fabr., in Java.

Order 6. SCORPIONIDEA* (SCORPIONS).

Arachnida with chelate chelicerce, and elongated, pediform chelate

pedipalpi, with a prce-abdomen composed of seven segments, and an

elongated post-abdomen of six segments, with poison spine at the hind

end ; withfour pairs of lungs.

The Scorpions have a cer-

tain resemblance to the De-

capod Crustacea in their

powerful chelate pedipalpi and

firm armour (fig. 410). The
stout cephalo-thorax is joined
to an elongated abdomen,
which is divided into a cylin-

drical prse-abdomen, composed
of seven segments, and a very
narrow six-segmented post-

abdomen, which is curved

dorsalwards. The post-abdo-
men ends with a curved poison

spine, which is provided with

two poison glands. The cheli-

cerse are three-jointed and

chelate ; the pedipalpi end

with a swollen terminal

chela, while the basal joint

serves with its broad grinding
surface as a jaw. The four

pairs of legs are strongly de-

veloped and end with double

claws.

In their internal organization the Scorpions reach the highest

* P. Gervais,
"
Remarques sur la famillc des Scorpions et description de

plusieurs especes nouvelles, etc." Arch. <lu mum'-i- </'/<i*t. nut.. IV. Newport,"On the structure, relations, and development of the nervous and circulatory
Systems in Myriapoda and macrourous Arachnida," Phil. Trait*. 184:?.

L. Dufour,
" Histoirc anatomiquc et physiolngique des Scorpions," Mun. pres

a Tacad. des sciences, XIV., 18o6. E. Metschnikoff,
"
Embryologie des Scor-

pions," Ztiitscli rfar miss., Zool., 1870.

F:o. 410. Cephalo-thorax and pra?-aMomen of

Scorpio africanut (re;;ne animal). A"/, Cheli-

ceras ; AY, pedipalpi ; K, pectines ; St,

stigmata.
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grade of all the Araclmula. The nervous system is composed of a

bilobed brain, a large oval ganglionic mass in the thorax, and seven

to eight smaller ganglionic swellings in the abdomen, of which the

last four belong to the post-abdomen. The visceral nervous system
is represented by a small ganglion, which is placed at the beginning
of the oesophagus, connected with the brain by fibres and gives off

nerves to the alimentary canal. The principal organs of sense are

the simple eyes. Of these there are from three to six pairs, which

are so distributed that the largest pair is situated on the middle of

the cephalo-thorax, and the others right and left at the sides of the

frontal region.

The alimentary canal is a narrow straight tube, which is sur-

rounded in the prse-abdomen. by the large multilobed liver, and opens
on the penultimate ring of the ab-

domen. Two Malpighian vessels

function as excretory organs.

The circulation is tho most com-

plicated in the whole class, but, as

in the Decapoda, special blood si-

nuses of the body cavity are inserted

into the vascular system. The

elongated dorsal-vessel, which is

divided into eight chambers and

is attached by alary muscles, is

surrounded by a pericardial sinus,

from which it receives the blood

through eight pairs of slit-like open-

ings, which are capable of being

closed. From the heart the blood

is driven through an anterior and posterior artery, and through
lateral arteries to the organs. The finer ends of the arteries seem

to be connected with the commencing veins by capillaries. From
the veins the blood is collected in a receptacle on the ventral

surface. Thence the blood passes to the respiratory organs, whence

it passes by special veins into the pericardial sinus, and so back to

the heart. Respiration is effected by means of four pairs of lung-

sacs, which open to the exterior by four pairs of stigmata on the

third to the sixth abdominal segments and are composed of a rela-

tively small number of flat tubes.

The male and female generative organs open on the ventral face

of the first abdominal segment [the median opening being covered

FIG. 411. Embryo of a Scorpion (after

B. Metschnikoil). Ef, Chelicerse ; Et,

pedipalpi ; B' to B' v
, the four pairs of

thoracic legs. There are rudimentary
limbs on the abdomen.
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by a small valve-like flap, the genital operculum] ; on the second

abdominal segment are attached two peculiar comb-shaped structures,

known as pectines. The latter are probably the remains of the appen-

dages of the segment, and serve as tactile organs. The males are

distinguished from the females by their broader chelfe and longer

post-abdomen.
The females are viviparous. The development of the ovum takes

place in the ovary, and the embryos have the rudiments of appendages
on the pire-abdomen (fig. 411).

The Scorpions live in warm countries, and leave their hiding-places

at dusk. When they run, the post-abdomen is bent upwards over

the back. They seize their prey, i.e., principally spiders and large

insects, with their large chelate pedipalps, and sting them to death

with their caudal poison-spine. Some species attain a very consider-

able size, and their sting may even prove fatal to man.

Fam. Scorpionidae. Scorpio eurojwtts Schr.,

of small size and with only six eyes, in Italy.

Androctonus occitamts Am., Buthus afcr L.

Order 7. PSEUDOSCORPIONIDEA.*

Arachnida of small size and resembling

secretions, but without caudal spine or

poison gland. They breathe by means of

trachece.

The Pseudoscorpions are far smaller and
FIG, 412. Obuiiuin tromoidioidei

(recme animal). Kt, Tcdi- more simply organised than the scorpions.

They bear much the same relation to the

true scorpions that the mites do to the spiders. In their form and

the structure of their chelicerse and chelate pedipalpi they resemble

the scorpions. On the other hand, the hind end of the segmented
abdomen does not become narrow so as to form a post-abdomen,
and is without a caudal spine and poison gland (fig. 412). They
all possess spinning glands, the openings of which lie near the

genital openings on the second abdominal ring. They possess only
two or four ocelli, and respire by means of trachc;t>, which open by
two pairs of stigmata on the two first abdominal rings. They live

beneath the bark of trees, in moss, between the leaves of old books,

* W. E. Lcacli,
" On the characters of Scorpionidca with description of the

British species of Chclifcr and Obisiunv' Zoal. JUixcrll. III. A. Mcnge, "Ucber
die Schecrcnspinnen," Xrurxtr M-Ju-iffi-tt tier naturforsclt. (IrwUschaft :n J>nn:i<i
V.. 1855. L. Koch,

" Ucbcrsichtlichc Darstellung der europ. Chcruetiden,'
NUrnbcrg, 1873.
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etc. ; tliey run rapidly laterally and backwards, and live on mites

and small insects.

Fam. Chernetidae. Chdifer cancroides L. Book-scorpion -with two eyes.
OMslum ischnosccles Herm., with four eyes. Chthonius trombidioidcs Latr.

(fig. 412).

Order 8. SOLIFUG.E.*

Spider-like animals ivith separated head and thorax, with elongated,

segmented abdomen ; sub-chelate chelicerce and pediform pedipalpi.

Respiration is effected by means of trachece.

The Solifugai ap-

proach insects in the

segmentation of the

body. The cephalo-tho-

rax is divided into two

regions of which the an-

terior is comparable to

the insect head, the pos-

terior (composed of three

segments) to the insect

thorax. The long cylin-

drical abdominal region,

which is composed of

nine to ten segments, is

quite distinct (fig. 413).

The body is closely

covered with hairs. The

oral apparatus consists

of powerful chelicerae,

which end in a large

vertically placed chela,

the lower arm of which can be moved perpendicularly against

the upper. The pedipalpi serve as ambulatory legs, but are with-

out claws, which are found only on the three posterior pairs

of legs. The latter arise from the three free thoracic rings, and

bear peculiar cutaneous lamellae at their base. The anterior

pair of legs belongs to the head and may be considered as a

second pair of pedipalpi (maxillary palps). The Solifugce pos-

sess two large projecting simple eyes, and respire like insects by
* L. Dufour,

"
Anatomic, physiologic et histoire naturelle des Galeodcs,"'

Comptcsrendus d I'acad. dcs sciences, XLVL.1858. Th. Hutton,
" Observations

on the habits of a large species of Galeodes," Ann. and May. of Aat. Hist.,

XII., 1813.

FIG. 413. GaleoJtt arancohJes (regne animal).
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means of trachea?, which open to the exterior by four slit-like

openings between the first and second pair of thoracic appendages
and on the ventral surface of the abdomen. They live in warm,

sandy localities, especially of the Old World. They are nocturnal

in their habits, and are feared on account of their bite.

Fam. Solpugidae. Solpuga [Galeodeg) arancohles Pall., found on the steppes

of the Volga and in South Kussia. Other larger species are found in Africa, and

some forms are known in America.

Class III. ONYCHOPHORA * (PROTOTRACHEATA).

Tracheata with elongated vermiform body, two antennce, and short

paired imperfectly-jointed legs armed ivith claws.

FlG. 41i. Peripatus capeniii (after Huseley).

The Onychophora, which are represented by the single genus

Peripatus, have a moderately elongated body, which is provided with

paired legs (from fourteen to more than thirty pairs), each armed

with two small claws
(fig. 414). The head is distinct, and bears a

pair of antenna? and two simple

eyes. On its under surface the

mouth is placed beneath a large

projecting suctorial lip, and is fur-

nished with a pair of jaws armed

with chitinous claws. On each side

of the mouth short, indistinctly

jointed oral papilla? are attached to

FIG. 4i5.-Head of a Peripatus embryo the sides of the head. The nervous
(after Moseley). An, Antennfe; K. .... . .

jaws, anterior to which are the ecto- System IS distinguished by the re-

derm thickenings, which will form the markable separation of its two

halves. The paired cerebral ganglion

gives off two nerve trunks, which indeed approach each other closely

* E. Grube,
" Ueber den Ban des 1'eripatus Edwardsii," Mullet's ArrJiir ..

1853. Moseley, "On the Structure and Development of Peripatus capensis."
Phil. Trans., 1875. [F. M. Balfour,

" On the Structure and Development of Peri .

patus Capensis," Quart. Joiirn. of Mic. Scinicr, 1883.]
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beneath the oesophagus, but, soon diverging, remain widely separate

for the rest of their course. They are without ganglionic swellings ;

are connected together in their whole length by tine transverse

commissures, and finally unite with each other over the rectum at

the end of the body (fig. 416). The alimentary canal begins with

a muscular pharynx, and runs in a straight course. The anus is

terminal. A dorsal longitudinal vessel probably functions as heart.

[A pair of elongated unbranched glandular tubes, the salivary

glands, open into the buccal

cavity.] Moseley discovered

a well-developed tracheal

system, the stigmata of

which are distributed over

the whole surface of the

body. The trachea! trunks

are delicate tubes, which

are distributed upon the

viscera in fine tufts. Long
slime glands (considered

as testes by Grube) open
on the oral papillae ; they

produce an exceedingly

sticky fluid, which the ani-

mal ejects when irritated.

The Onychophora are, ac-

cording to Moseley, of

separate sexes. The ova-

ries are united to form

one structure placed in the

middle line on the dorsal

side of the intestine, near

the hind end of the body.
There are two long ovi-

FIG. 416. Anatomy of a female Peripatttg (after

Moseley). F, Antennae ; C, brain with the

ventral nerve cords (Vc); Ph, pharynx; D,
intestine ; A, anus ; Sd

, slime gland ; Oc,

ovaries
; Od, oviduct ; U, uterus.

ducts, which function as

uterus and open by a

common aperture on the

ventral surface close to the hind end of the body (fig. 416). The

testes are paired and egg-shaped, and lie towards the hind end

of the body. The vasa deferentia are coiled and unite to form a

common duct, which opens f.t the same place as do the female organs

(fig 417). The eggs develop in the uterus.

33
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[Segmental organs or nephridia, resembling tho.se of Annelids,

are found one pair in each segment. They open externally at the

base of the legs and internally into the body cavity. The body cavity

is divided into four parts by three septa (1) into a dorsal section

containing the dorsal vessel, (2) a main central division containing

the alimentary canal, slime glands and generative organs ; and (3)

two lateral compartments, which are continued into the legs and con-

tain the salivary glands, segmental organs and ventral nerve cords.]

The animals live in damp places beneath decaying wood. [They
are viviparous ; in Peripatus Ca-

pensis the period of gestation is

eleven or twelve months, the young

being born in April and May.]

Fam. Peripatidae. Peripatus Edward-

sii Blanch., P. capensis Gr.

Class IV. MYRIAPODA.*

Tracheata ivith separated head

and numerous fairly similar seg-

ments. Tliey have one pair of an-

tennce, three pairs of jav:s, and

numerous pairs of legs.

The Myriapoda of all the Arthro-

poda present the greatest resem-

blance to the Annelids, in the serial

similarity of the segments, in the

possession of an elongated, some-

times cylindrical, sometimes flat-

tened body, and in the mode of

locomotion. In fact, they bear

much the same relation to the An-

nelids that the Snakes do to the

vermiform fishes amongst the Vertebrata.

* J. F. Brandt,
" Kecueil dcs mumoires rclatifs ;i 1'ordrc des Insectes Myria-

FIG. 417. Hind end of a male Peri-

pat its (after Moseley). T, Testes ;

Pr, prostate gland ; I'd, viisa defer-

entia; 1)1, ductus ejacnlatorius ; Z>,

rectum ; Vc, ventral nerve trunks.

organs reproducteurs ct sur ddveloppment ties Mynapi
IV. Ser., Tom. III. Fr. Meinert,

" Danmarks Chilognather," Xatiirh. Tidx-

sltrift, i? Iv., Tom, V.
;
and "

Scolopendrcr o<? Lithobicr," Hid., Tom. V. 1868.

Latzcl,
' : Die Myriopoden dcr osterrcichisch-unjr.irischcn Monarchic'' I.,

" Die

Chilopodcn," Wicn, 1880. Erich Ilaasc,
" Schksiens Chilopodcn," Brcslau,Chilopod

1880, 1881.
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The head of the Mynapods corresponds closely with that of the

Insects, and, like the latter, bears a pair of antennae, the eyes, and

two or in the Ghilopoda three pairs of jaws. The antennse are

placed on the frontal region, and are usually filiform or setiform.

The strongly-toothed mandibles resemble those

of Insects, and, like the latter, are without palps.

The maxillae in the Chilognatha have the form

of a complicated lobed oral valve
(fig. 427 &),

the parts of which were formerly supposed to

represent two pairs of maxillre fused together ;

while in the Ghilopoda they consist of a single

blade bearing a short palp (fig. 425). In rare

cases the mouth parts are transformed into a

suctorial apparatus (Polyzoniuni).

The body is composed of similar and distinctly

separated segments, the number of which varies

considerably in different species, but is usually

constant for the same species. The segments
bear paired appendages, and a strong dorsal

and ventral plate (tergum and sternum) may
often be distinguished. Although the segments
of the body are so much alike that it is impos-
sible to fix a limit between thorax and abdomen,

still certain features of the internal organisation,

especially the fusion of the three first ganglia of the ventral chain,

show that we must regard the three anterior body segments at least

of the Chilognatha as constituting a thorax. In the Chilognatha
a single pair of legs is attached to each of the first three to five body

segments ; each of the following segments, on the other hand, beart

Flo. 418. Scohpeadrc
moririffitis.

FIG. 419. lulus terrfxtrif (after C. L. Koch).

almost invariably two pairs, so that they may be regarded as double

segments, formed by the fusion of two somites. The legs may be

attached to the sides of the somites (Chilopoda), or nearer the middle

line of the ventral surface (Chilognatha), and are usually short with

from six to seven joints, and terminate with claws (figs. 418 and 419).

In their internal structure the Myriapods closely resemble the
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Insects. The nervous system is distinguished by the great elongation

of the ventral ganglionic cord, which runs along the whole length

of the body and is swollen in each segment to form a ganglion.

According to Newport, there is a system of paired and unpaired
visceral nerves, like those of Insects. Eyes are only rarely wanting,
and are usually present as ocelli which are sometimes closely packed

together, or rarely (Scutigera) as peculiarly-formed facetted eyes.

The alimentary canal, with rare exceptions (Glomeris), takes a

straight course through the entire length of the body, and opens by
the anus in the last segment. The following parts can be distin-

guished : a narrow (.esophagus

beginning with the buccal cavity

and, as in Insects, receiving the

contents of two to six tubular

salivary glands ;
a wide, very

long mesenteron, the surface of

which is closely beset with short

hepatic tubes projecting into

the body cavity; a hind gut,

which receives two or four Mal-

pighian tubules, the latter being
coiled round the intestine

;
and

finally a short and wide rectum.

The central organ of the cir-

culation is a long pulsating dor-

sal vessel, which extends through
all the segments of the body (fig.

420). It is divided into a great

number of chambers, which cor-

respond to the segmentation and,

in Scolopendra, are attached to

the dorsal wall by alary muscles to the right and left (fig. 420, M).
The blood passes from the body cavity through lateral paired slits

into the chambers of the heart, and is thence driven, partly through

paired lateral arteries and partly through an anterior cephalic aorta

which divides into three branches, to the organs of the body cavity,

from which a blood sinus, embracing the ventral ganglionic chain,

is separated off.

All Myriapods breathe by means of tracheae. These, as in Insects,

receive the air from the exterior through paired slits, which are

found in almost every segment (sometimes beneath the basal joints

FIG. 420. Head and anterior segments
of Sealupendra (after Newport). (1.

brain
; O.eyes ; A, antenna; ; Ef, max-

illiped (poison-claw) ; C, heart
; M,

alary muscles of the heart; A i; arteries.
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of the limbs, sometimes in the

connecting membranes be-

tween the sterna and terga) ;

and they give off bunches of

trachese, which branch and are

distributed to all the organs.

Generative organs. The

Myriapoda are dioecious. The

ovaries and testes usually have

the form of long unpaired

tubes, while their ducts are

often paired and are always
connected with accessory

glands, and in the female are

sometimes provided with a

double receptaculum seminis

(fig. 421). The genital open-

ings lie on either side on the

coxal joints of the second pair

of legs, or behind this pair of

appendages (Chilognatha), or,

as in the Chilopoda, there is

an unpaired genital opening
at the posterior end of the

body (fig. 422).

In the male sex amongst
the Chilognatha there are

often external copulatory or-

gans* on the 7th segment,

remote from the genital open-

ings. These become full of

sperm before copulation, and

during the coitus introduce it

into the female genital open-

ing.

Development. The fe-

males are usually larger
than the males, and lay

* Besides Fabre I.e., compare
Voges,

"
Beiti-a^e zur Kenntuiss

der Juliden," Zeittchr. fiir wiss.

Zool., Tom XXXI., 1878.

Ik

Fio. 421. Generative organs of Glomer>s

mnrginata (after Fabre). T, Testis ; Oo,
ovaries ; Od, Oviduct.

FIG. 422. Generative organs of Scolopendra com-

planata (after Fabre). T, Teatis ; Vd, vaa
deferens

; Dr, accessory glands ; Sb, loop of

the vesiculn, seminalis
; Ov, ovarv.
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Fio. 423. Embryo of Strongyloioma (after E.

MetschnikoS).

their eggs in earth. The just-hatched young often pass through
a metamorphosis, having at first only three or seven pairs of

legs in addition to the antennae, and a few somites without limbs

(fig. 423). The young animals undergo numerous moults, and

gradually increase in size; the

extremities sprout out on the

somites, which are already

present. New somites are

constricted off from the termi-

nal one until the full number

is completed ;
the number of

ocelli and of the joints of the

antennae is increased, and the

resemblance to the sexual animal is gradually perfected. In other

cases (Scolopendra, Geophilidce) the embryo already possesses the

full number of appendages.

Order 1. CHILOPODA.*

Myriapoda of usually flattened form, with long many-jointed

antenna, and mouth parts adaptedfor predatory habits, with only one

pair of appendages to each segment.

The body is long and usually flat-

tened. The chitinous exoskeleton

is hardened on the dorsal and ven-

tral surface of each somite, consti-

tuting the tergal and sternal plates,

while on the sides of the somites it

remains soft. In certain fornis

some of the terga develop to large

shields, which over-lap the smaller

terga of the intermediate somites

(fig. 424). The number of legs is

never greater than that of the sepa-
rate segments, a single pair only

being developed on each segment.
The antennas are long and many-
jointed, and are inserted beneath the

frontal margin. The eyes are simple
or aggregated ocelli, except in the genus Scutigera which has facetted

*
Newport,

"
Monograph of the Cla?s Myriapoda, order Chilopoda," Litinaan

Transactions, XIX.

FlO. 42l.Litholhit forfieafui (nftcr 0.

L.Koch). Iff, Poison claws.



CIIILOPODA. 519

eyes. There are always two pairs of jaws (fig. 425) ;
the mandibles

(Jfd) and one pair of maxilhe (Mx'\ the latter bearing a short palp.

In addition, the first pair of (thoracic) legs (J/ie") forms a kind, of

underlip which often bears two long palps. The next pair of legs

always approaches the head

as a kind of maxilliped, and

forms by the growing together

of its basal parts a consider-

able median plate, on the

right and left of which great

four-jointed poison claws
(Mf)

project. The remaining ap-

pendages arise from the sides

of the body segments, the last

pair being frequently elon-

gated so as to project back-

wards far behind the last ses-o
merit.

The generative organs open

by a single aperture at the

hind end of the body. There is

no male copulatory apparatus.
The young, when hatched,

have seven pairs (Lithobius)
or the entire number of appen-

dages (Scolopendrci). The

Chilopoda feed entirely on

animals, which they bite with

the poison claws and kill by the secretion of the pokon. gland
which flows into the wound.. Certain tropical species of large size

are able to inflict wounds which are dangerous even to man.

Fam. Scolopendridae. Antennae long
and thin with a relatively small number
of joints, only a few ocelli. The seg-
ments of the body arc sometimes equal,

sometimes unequal. Srolvprnrfrtt, (with
nine pairs of stigmata) glgantea L.,

found in the East Indies. Sc. morxi-

1/init, from South Europe. Gt'<>2>lii1u*

subtwranevs, <!<'</ ricux L.

Fam. Lithobiidae. With long, many-
jointed antcnnic and numerous ocelli.

Some of the terga are greatly developed, and partially over-lap those of

FIG. 425. Oral apparatus of Scolopendra muf'ica

(after Stein). 01, Upper- lip ; Md, mandibles ;

.
f
lx', maxilla ; Mx' 1

, first pair of legs or second

maxillffi; Mf, poison claws (maxilliped);

Ta, palp.

ha. 42fi. Mouth parts of G

(Carus, Iconet). E, Maxillae; Mf,
maxilliped.
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the intermediate segments. lAthobitis forficatiist L., with fifteen pairs of

legs.

Fam. Scutigeridae. The antennas are at least as long as the body. The legs
are long, their length increasing from before backwards. Facetted eyes instead

of ocelli. With a small number of free terga. Scut igera colevjitrata L., South

Germany and Italy.

Order 2. CHILOGNATIIA.

The shape of the body is cylindrical or. subcylindrical. There is a

four-lobed plate behind the mandibles, and two pairs of legs on each

segment (the anterior segments excepted). The genital openings are

on the coxaljoint of the second pair of legs.

The body of the Chilognatha is, as a rule, cylindrical or sub-

cylindrical. The segments have the form of complete rings, or are

prodded with special dorsal plates. In many cases (Julidce) the

body is much elongated ;
in others (Glomeris] it is short, like that of

a wood-louse (fig. 427). The antennae are short, and consist only
of seven joints,

b _<^i. of which the last

may abort. The

mandibles are

provided with

broad masticating
FlG. 427. a, Glomerit marginata (after C. L. Koch). 4, Maxillae Surfaces, which

(inferior buctal plate) of Julus terrestria.
serve to crush the

vegetable matters on which the animals feed, and with an upper
movably articulated pointed tooth. The maxillae are united so as to

form an inferior buccal plate, the sides of which bear two rudimentary
hook-shaped blades

(fig. 427, b), while the middle portion appears
to represent the underlip. The eyes, which as a rule consist of

aggregated simple eyes, are situated above and external to the

antennae. The anterior thoracic legs are as a rule directed forwards
towards the mouth. The three thoracic segments, and sometimes
the next two or three segments, bear a single pair of legs. All the

others, except the seventh in the male, bear two pairs. Stigma/a are

present in all the segments, and are more or less hidden beneath the
coxal joints of the limbs. The rows of pores (foramina repugnatoria)
on either side of the Lack, which are often taken for rows of

stigmata, are the openings of cutaneous glands, and secrete a cor-

rosive thud for the protection of the animal. The generative organs

open en the coxal joint of the second pair of legs, and in the male
sex there is also a paired copulatory organ present on the seventh
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segment of the body, at some distance from the genital openings.

In Glomeris, this copulatory organ seems to be replaced by two

accessory pairs of appendages on the anal segment. The young

possess at first only three pairs of legs, and the metamorphosis would

therefore seem to be more complete than in the Chilopods.

The Chilognatha live in damp places, beneath stones on the

ground, and feed on vegetable and dead animal matters. Many of

them roll themselves up into a ball like the woodlice or into a spiral.

Fam. Polyzonidae. With small head and subcylindrical body -which can be

rolled up into a spiral, and suctorial mouth parts. Polyeoniitm gcrmanicinn
Brdt.

Fam. Julidae. The head is large and free. The eyes are mostly aggregated

together ;
with cylindrical body, which can be rolled up in a spiral ;

without

broad dorsal plates. The limbs meet together in the middle ventral line.

Jiilus sabulosi/s L.

Fam. Polydesmidae. With large free head and laterally extended dorsal

plates. The number of somites is small. Polydesmus complanatus Deg.

Ptilyxemts lagurus L., with twelve pairs of legs. Pauroptis Hu.dcyi Lubb.

Fam. Glomeridse. The body is short and broad, and can be rolled up into a

ball. There are only twelve to thirteen segments, which possess dorsal plates.

The last ring of the body is shield-like. They remind one of the genus
Armadillo. Glomeris viarginata Leach., with seventeen pairs of legs ;

in the

male there are in addition two pairs of genital appendages at the hinder end

of the body. SvlicsrotJierium elontjatum Brdt.

Class V. HEXAPODA*=INSECTA.

Tracheata with two

untennce on the head,

and with three pairs

of legs and usually

two pairs of ivings

on the tJiorax, which

latter is composed of

three segments ; the,

abdomen has nine or
FIQ 428 _Head> thorax and abdomen of an AcrMium eeei)

ten Segments. from the side. St, Stigmata ; T, tympanic organ.

* J. Swammerdam, " Ilistoria Insectorum generalis," Utrecht, jl>09. J.

Swammerdam, "
Bijbel der natuure," 1737-1738. Reaumur,

" Mcmoires pour
servir a 1'histoire des Insectes," 12 vols.. Paris, 1734-1742. Oh. Bonnet,
"Traite d'Insectolopie," 2 vols., Paris, 1740. A. Rb'scl von Rosenhof, "In-

secteiibelustigungen," Nurnberg, 1740 to 1701. ch.de Gccr,
" Meiuoires pour

servir a 1'histoire des Insectes," 8 vols., 1752 to 1770. H. Burmeister,
" Hand-

buch der Entomologie," Halle, 1832



522 INSECTA

The separation of the body into the three regions known as head,

thorax and abdomen is more distinctly marked in Insects than in

any other of the Artlculata. The number of somites and appendages

appears to be constant
;
the head, with its four pairs of appendages,

being composed of four segments, the thorax of three, the abdomen

usually of nine or ten (eleven) (OrtJiopiera) (fig. 428). The anterior

abdominal segment, however, not (infrequently takes part in the

formation of the thorax.

The head, which is al-

most always sharply
marked off from the tho-

rax, is formed of an unseg-
mented capsule, in which

different regions may be

distinguished. These re-

gions have been named,

face, forehead, cheeks,

throat, skull, etc. alter the

parts of the Vertebrate

head. The upper side of

the head bears the eyes

laterally, and the antenna?,

while on the under part

the three pairs of oral

appendages are inserted

round the mouth. The

anterior appendages, the

antenna?, are in Insects

formed of a simple row

of segments, but vary
Fio. ISO. Different forms of antemirp (:if;cr Bur- much in form and size.

meister). , iJristlc-like antenna of Locusta ; ''. rpi 11 r
filiform antenna of Caraitw/c.moniliform antenna

llO'

of Tcnelrio il, dentate of Eluta- ; e, pectinate
antenna of Ctmi<-<m : f, crooked antenna of A/ii.-- ;

g, club-shaped of Siljiha ; li, knobbed of -Vtrru-

pltorus ; i, lunicllnted of J/t-lolontha ; t, antenna

the frontal region, and

with bristle from fi

serve not only as tactile

organs, but also as or-

pins of smell. We can

distinguish between regular antenna? (where all the joints are alike)

and irregular antenna? (fig. 429). The first may be bristle-like,

filiform, moniliform, dentate, or pectinate; the irregular antennas,

in which the second joint and terminal joints are especially

liable to modification, are most frequently club-shaped, knobbed.
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lobed, or crooked. In the last case the first or second joint is elon-

gated forming the shaft, to which the distal and shorter joints are

attached at an angle as the flagellum (Apis}.

The following structures enter into the formation of the mouth

parts : the upper lip (labruni), the upper jaws (mandibles), the first

pair of maxillfe or lower jaws, the second pair of maxillae or lower

lip (labium). The upper lip is a plate, which is usually movably

articulated to the cephalic shield and covers the mouth from above.

Beneath the upper lip to the right and left are the mandibles or upper

jaws, in the form of two palpless biting plates ; they are unjointed,

and therefore more powerful as masticatory organs. The first pair

of maxillae or lower jaws have a more complicated structure. They
are composed of

fl

several joints,

and are, there-

fore, adapted for

less powerful but

more varied move-

ments in aid of

the masticatory

process.

The maxillae of

the first pair (fig.

430) are made up
of the following

parts : a short

basal joint (cardo,

C), a longer se-

cond joint or

shaft (stipes, 8t)

with an external scale (squama palpigera), to which is attached

a many-jointed palp (palpus maxillaris, JLxt.). Two blades, an

internal and external, are attached to the distal end of the second

joint [and known respectively as lacinia and galea] (lolus externns,

interims, L. in, L. ex). The maxillae of the second pair arise from

the throat, and are partially fused together across the middle line

so as to form the unpaired lower lip or labium. It is rarely the case

that all the parts of the firt maxillae are discernible in the labium,

the fusion being generally accompanied by the reduction and dis-

appearance of certain parts. There are, however, cases in which

a,ll the elements of the first maxilke can be shown to exist (Ortlwp-

Fic. 430. Mouth parts of a Bla/fa (aftor Psivi.amy). n, Head
seen from the front: Oc, ocelli; Mit, maxillary pnlp ; Lt,

labial palp, b, Upper lip (labrum, Lr). <; Mandible (Ma),

d, 1st maxilla : C, Cardo ; St, stipes; L. in, lolras interims;
L. ex, Lobus externus. e, 2nd maxilla; or labiuiu (lower

lip), clearly composed of two halves.
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tern, fig. 430). While the labium is usually reduced to a simple

plate with two lateral palps (palpi labiales), in the Orlhojttera we can

distinguish a proximal piece (submentum), fixed to the throat, from

a second piece, bearing the two palps (mentum), at the point of

which there is a piece, the tongue (glossa) (fig. 430, e, L. in),

and sometimes secondary pieces, the paraylossce, (L. ex). The sub-

mentum evidently corresponds to the fused basal joints (cardo),

the mentum to the fused shafts (stipes), the simple or bifid glossa

to the lobus interims, and the paraglossse to the lobus externus of the

first maxill?e. Median projections on the internal surface of the

upper and lower lips are distinguished as epipkarynx and liypo-

pliarynx respectively.

The above description refers to insects

which gnaw or bite their food. When the

food is fluid, the mouth parts, either in

whole or part, become so remarkably modi-

fied that it required the penetration of

Savigny to establish their morphological

relations. The biting mouth parts found

in the orders of the Coleoptera, the

Neuroptera and the Orthoptera are most

nearly allied to the mouth parts of the

Hym&noptera, which may be described as

a licking apparatus (fig. 431). The upper

lip and mandibles agree with tho.se of the

biting apparatus, but the maxillae and la-

bium are more or less elongated and modi-

fied, to admit of licking and sucking up
fluids.

Mouth parts adapted for sucking are

found in the Lepidoptera, where the first

maxillae are united to form a sucking tube,

while the other parts are more or less

aborted (fig. 432). Finally the piercing mouth parts of the

Diptera and Rhynchota also possess a sucking apparatus, which is

usually formed of the labium ; but there are also styliform wea-

pons, by means of which access is gained to the nourishing fluid,

which is to be sucked up (figs. 433, 434). Tlicsi- weapons may be

formed by the mandibles, and also by the maxilla;, and even the

hypopharynx and epipharynx may be used, undergoing numerous

modifications. Since the piercing part of the apparatus may be

Fio. 431. Mouui parts of

Aiithophora reliixa (after

Newport) A, Antennae;
Oc, ocelli ; MJ, mandibles ;

Mi, maxilla?; Mxf, max-
illary palp ; U, labial

palp ; Gl, glossa ; Pg,
paraglossa

1
.
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totally aborted, or, at any rate, become functionless, it is obvious

a

Fio. 432. Oral apparatus of Butterflies (after Savigny). a,

Of Zyg&na ; b, of Noctua. A, Antenna"; Oc, eyes; Lr,

upper lip ; Md, mandible ; Mxt, maxillary palp ; Mi,
maxilla (first) ; Li, labial palp, cut away.

that no sharp line can be drawn between

the piercing and sucking forms of oral

apparatus (fig. 434).

The next principal region of the body
in Insects is the thorax, which is con-

nected with the head by a slender neck.

It consists of three segments, and bears

three pairs of legs and usually two pairs

of wings on the dorsal surface. These

three segments, the prothorax, the meso-

thorax and the metathorax are rarely

simple horny rings, but are usually com-

posed of several parts united by sutures.

In each segment a dorsal plate, lateral

regions and a ventral plate can be dis-

tinguished. These may be termed notum,

pleura and sternum respectively, and

they may further be described, according
to the segments in which they occur, as

pro-, meso- and meta-notum, and pro-,

meso-, and meta-sternum. The lateral

regions are divided into an anterior piece

(epiatemum) and a posterior (epimerum),

FIG. 433. Mcuth parts of

Nepti cinerea (after Sa-,

vigny). U!, Lower lip

(.abium) or rostrum
;
Lr

upper lip ; M:J, mandible;
MX, maxilla (first).

Fio. 431. Mouth parts of

memorosui (after liecher).

Lbr, Upper lip ; LI, lower lip

(proboscis) ; Li, labial palp ;

AM, mandibles; MX, imixilla;

(first) ; H. hypopharynx (pierc-

ing weapon).
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while on the mesonotum there is a median triangular- plate (the

scutelhtm), and on the rnetanotum there is not rarely a similar but
smaller shield (the postscutettum). The manner in which the three

regions of the thorax are connected with one another varies in the

different orders. In the Coleoptera, Neuroptera, Orthoptera and in

many Rhynchota, the pro-thorax is freely movable, wliile in all other

cases it is a relatively small ring and is fused with the following

segments.

The three pairs of legs are articulated in excavations of the

chitinous integument of the ventral surface between the sterna

and pleura. The number and size of the joints of the legs seem

FIG. 435. Different form of legs (r&gno animal), a. Mantis with predatory leg ; 6, leg of

Caralus used in running; e, of Acridinm used in springing; d, of Gryllotalpa used

in digging; e, swimming leg of Dytiscus.

more constant in the Insecta than in any other group of the Arth-

ropoda, so that it is possible to distinguish five regions (fig. 435).

The basal joint (coxa), which is either spherical or cylindrical, is

articulated to the thorax and permits of free movement of the limb.

The coxa is followed by a second very short ring, constituting the

trockttnter, which is sometimes divided into two parts or in other

cases is fused with the next joint. The third joint, which is con-

spicuous on account of its size and strength, is the longfemur. The

next joint is the likewise long but slender tibia, which is armed at
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the point with movable spines. Finally the last joint, or tarsus, is

less niovably articulated. It is simple only in rare cases
; generally

it is composed of a number of joints (usually five), of which the

last is terminated by movable claws, and sometimes also by lobed

appendages.

Of course the special form of the legs varies according to the mode

of locomotion and the special needs of each insect. Legs adapted

for running, walking, burrowing, leaping, prehension can be dis-

tinguished (fig. 435). The anterior pah
1

only is used for predatory

purposes, and in such a leg the tibia and tarsus are bent backward

against the femur in the same way that the blade of a pocket-knife

folds back against its handle (Mantis, Nepci). The legs used in

springing are the posterior pair (Acridium), and they are charac-

terised by the powerful femur. Those used in digging are usually

the anterior pair, and they may be recognised by the broad, shovel-

like tibia (Gryllotalpa}. In the swimming legs all the parts are flat,

and closely beset with long swimming hairs (Naucoris). The legs

used in walking may be

distinguished from the

ordinary running legs

by the- broad hairy lower

surface of the tarsus

(Lamia}.

Wings are only
found in the fully de-

veloped, sexually adult

animals, which are re-

latively rarely without

them. They are attached

to the dorsal surface of the meso- and meta-thorax, being articulated

between the notum and pleura. The anterior wings are attached to

the meso-thorax, and the posterior wings to the meta-thorax. As

regards their form and structure they are thin, superficially expanded

plates, consisting of two membranes firmly adhering to one another

and continuously connected at the edges. They are usually delicate

and transparent, and are traversed by various strongly chitiniscd

bands, the nervures or veins or ribs (fig. 436).

These nervures, which have a very definite and systematically

important course, consist of canals, placed between the two layers of

the wing, surrounded by chitin and containing blood, nerves and

especially trachea, the distribution of which corresponds with the

FIG. 43G. Wins; of T'ipulti (after Fr. Bmuer). H, Sub-

costa
; 1, first longitudinal nervure (costa mediana) ;

2, radial rib (radius or sector) ; 3, cubital rib ; 4, dis-

coidal rib (or cubitus anticus); 5, submcdian (orcubitus

posticus) ; 6, anal rib (or postcosta) ; 7, axillar rib ; A',

marginal cell
; If, submai'ginal cell. D, discoidal cell ;

/ J', posterior mai-ginal cells ; J'S, anterior basal

cell ; HB, posterior basal cell ; AZ, anal cell.
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course of the nervures. The nervures, therefore, always start from

the root of the wing as two or three principal stems, and distribute

their branches more especially to the upper half. The first (fig. 436)
of the main trunks which runs beneath the upper margin of the

wing is called the costa, and often ends in a horny dilatation. Be-

neath the costa there is a second main stem, the radius, and behind

this a third, the cubitus, which rarely remains simple, but usually

bifurcates before the middle of its course into branches, which are

often further divided so that a more or less complicated network is

formed in the upper half of the wing. The spaces of this network

may be distinguished as marginal spaces or radial cells, and as sub-

marginal spaces or cubital cells. Not rarely there may also be

present one or more lower nervures (anal, axillar nervures).

The form and structure of the wings present various modifications.

The anterior wings may become coriaceous by the stronger chitinisation

of their substance, as for instance in the Orthoptera and Rhync\ota ;

or, as in the Coleoptera, they may have a firm horny structure (teg-

mina or elytra), and be used less for flight than as a protection

of the back, the skin of which is soft. The anterior wings in

the Rhynchota group of the Hemiptera are mostly horny and only

membranous at the tip, while the posterior wings are membranous.

When both pairs of wings are of a membranous structure, their

surface is either thickly covered with scales, Lepidoptera and Phry-

ganidce (group of Neuroptera), or remains naked and is marked out

into a number of very conspicuous spaces, which may not unfrequently
have the form of a close net-like mesh-work, as in the Ncuroptera.

In general the two pairs of wings differ in size. Those insects which

have coriaceous anterior wings and half or whole wing covers, have

much larger posterior wings, while in the insects with membranous

wings the anterior wings are, as a rule, the largest. In many of the

Ifeuroptera, the wings are pi'etty nearly the same size, while in the

Diptera the posterior wings are aborted and reduced to small knobs

(halteres). Finally we find in all the orders of insects examples of a

complete absence of wings either in both sexes, or in the female sex

alone.

The third region of the body, which contains most of the vegeta-
tive organs, as well as the organs of reproduction, is the elongated
and well-segmented abdomen. In the adult insect this region is

destitute of appendages, although very often in larval life, and as an

exception in the sexually adult animal (Japyx), short appendages
are present. The abdominal segments are very definitely separated
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St

FIG. 437.- Posterior end or body of a Beetle.

(Ptcrostlch'us <J ) (after Stein). 8, 9, Dorsal plates

8' 9', ventral p'.a:es; Si, stigma; A, anus; G,

genital opening.

from one another by soft connecting membranes. They are com-

posed of simple dorsal and ventral plates, which are also connected

laterally by soft membranes. This structure of the abdomen, which

contains the respiratory and genital organs, permits of its being

dilated and contracted (respiratory movements, distension of the

ovary). Very often the posterior segments have a special struc-

ture, owing to the various

appendages which are con-

nected with the processes

of copulation and of depo-

sition of the eggs. The

anus is usually placed on

the last abdominal ring, u g

while the generative open-

ing which is separate from

the anal aperture opens
on the ventral surface of

the preceding segment (fig. 437). Terminal appendages, such as

jointed filaments, etc., are present on the anal segment. The ap-

pendices genitales, forming the genital armature, are, on the con-

trary, placed on the ventral

side around the genital open-

ing. Developed in the male

as valves and in the female

in the form of ovipositors,

stings, etc., they arise from

the imaginal discs (growths
of the hypodermis), in the

Hymenoptera and Orthop-

tera on the eighth (first

pair) and ninth (second

pair) segments of the ab-

domen
(fig. 438). The

ovipositors of the Diptera,

on the other hand, are to

be derived from the re-

tracted posterior segments.

Alimentary canal (figs.

439, 440). The mouth,

which is covered by the upper lip, usually leads into a narrow oesopha-

gus, into the anterior portion of which, distinguished as the buccal

34

Fie. 438. a, Hind end of abdomen of a young
female Locusta with the protuberances of the

ovipositor and the anal styles ; C' and C'', the

internal and external protuberances of the penulti-

mate j C"', the same of the antepenultimate seg-

ment, b, slightly older stage, c, Nympha ; A, anus

with anal styles (after Dowitz).
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cavity, open one or more pairs of tubular or racemose salivary glands

(Sp). In many of the suctorial insects, the end of the oesophagus is

dilated into a sack with thin membranous walls and a short stalk, the

suctorial stomach ; in others into a more uniform dilatation, knowr.

as the crop (tig. 439, Oe). The intestine which follows the esophagus

is sometimes straight and sometimes coiled
;

it varies exceedingly

in accordance with the mode of life. It is always at least divisible

into a longer portion,

which is concerned in di-

gestion, the mesenteron or

clnjlific ventricle (M, Chd),

and a terminal portion,

which is concerned with

the ejection of the freces

(figs. 439, 440).

The number of regions

may, however, be larger.

In predaceous Insects,

especially in the orders of

Goleoptera and Neiiroptera,

a masticatory stomach or

proventriculus (fig. 440,

P'o) is inserted between

the crop and chylific ven-

tricle
;

this is of globular

form, and has powerful

muscular walls. It is lined

by a specially thick chit in -

ous cuticle, which is beset

with strong bands, teeth,

and bristles. The chylific

ventricle also, on which

especially the digestive

glandular layer is developed

at the expense of the mus-

cular layer, is sometimes

divided into several re-

gions, as for example in

some Beetles the anterior

part has a shaggy appearance from the numerous caeca which

project from it (fig. 440 CM), and is sharply marked off from

G.Sr

FIG. 439. Digestive apparatus of Ap'it melllfica

(after Lon Dufour). Sp, Salivary glands ; Of, oeso-

phagus with crop-like dilatation ; M, chylific ven-

tricle ; Ke, Malpighian vessels ; K, rectum vcith

so-called rectal glands ; G. Dr, poison glands.
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the simple narrower portion which follows it. Larger caeca, too,

after the manner of hepatic glands, may be inserted at the com-

mencement of the chylific ventricle (Orthoptera).

The commencement of the hind gut or posterior portion of the

alimentary canal is indicated by the opening of filiform csecal tubes,

the MabpigJdan vessels. It is divided into two or more rarely three

regions, which are distinguished as the small intestine, the larya

intestine and the rectum. The last region is provided with a strong

layer of muscles, and contains in its walls four, six or more longitudinal

ridges, the so-called rectal glands (fig. 439, .ft).
Sometimes two

glands, the so-called anal glands (G.Dr,

Ad], open into the rectum immediately in

front of the anus. Their secretion, on

account of its irritating qualities and dis-

agreeable smell, seems to serve as a pro-

tection to the animal. In exceptional

cases the larva alone takes up nutriment,

the sexually mature apterous form being

without a mouth (Ephemera). Finally

the stomach of the larva in a few cases

ends blindly, and does not communicate

with the hind gut (larva? of Hymenoptera,

Pupipara, Ant-lion).

The Malpighian vessels already men-

tioned, which were formerly erroneously

held to be bile organs, undoubtedly func-

tion as urinary organs. Their contents,

secreted by the large nucleated cells of

their walls, are usually of a brownish

yellow or white colour, and consist of an

aggregation of small granules and con-

cretions, which, for the most part, consist

of uric acid. Crystals of oxalate of lime

and taurin have also been found. The

numbers and grouping of these filiform

tubes, which are usually very long and wound round about the chy-

lific ventricle, varies very much. As a rule there ai-e four or six,

or more rarely eight of them opening into the intestine, but in the

Hymenoptera and Orthoptera the number is much larger ; in the

latter there may even be a common duct into which the tubes are

united (GryUotabpa).

Ad/

FIG. 440. Alimentary canal and

glandular appendages of a

Beetle (CarabusJ (after L. Du-

four). Oe, oesophagus; Jn,

crop ; Pi; proventriculus ;

Chd, chylific ventricle ; M</,

Malpishian tubes ; R, rectum ;

Ad, anal glands with vesicle.
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Amongst the secretory glands of insects the glanduke odoriferce, the

wax-glands, spiiuitmj-ylands and poison glands are to be mentioned.
Of these, the first, to which belong the anal glands which we have

already mentioned
(fig. 440), lie beneath the covering of the body

and secrete, usually between the articulations, strongly smelling
fluids. In the bugs there is an unpaired pirifonn gland in the

metathorax, which pours out its secretion by an opening between the
hind legs and gives rise to the notorious smell. Unicellular cutaneous

glands have been shewn to exist in different parts of the body of

insects, and, like the sebacious glands of vertebrates, seem to secrete

an oily liquid, which serves to lubricate the joints. Similar glandular
tubes of the integument, which may be called wax-glands, secrete

white threads and flakes, which cover the body as with a kind of

powder or wool (Plant lice, etc., fig. 441). Spinning-glands occur

exclusively in

larvre and serve

for the produc-

tion of webs and

cases. When
these glands
have the form

of two or more

less swollen and

elongated tubes

(sericteria)

opening behind

themouth, they

may be com-

pared to a

special form of

salivary gland,
which they also resemble in their structure. The larva of the ant-

lion has its spinning organs at the opposite end of the body ; the

wall of the rectum, which is shut off from the chylific ventricle,

taking the place of the sericteria.

The poison glands, which are present in the female Hymenoptera,
consist of two simple or branched tubes, the common duct of which is

dilated to form a vesicular reservoir for the secreted fluid, which

consists of formic acid. The end of this reservoir is connected with

the poison spine.

Vascular system. The blood, which is usually colourless but not

Wh

a.

FIG. 441. The wax glands and the prominences on which they opeu
of an Aphide (Schizoneura Lonicenif). a. Pupa seen from dorsal

surface; Wh, prominences on which the wax glands open;
&, the unicellular wax glands (WD) beneath the cuticular facets

(Cf) of the skin.
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unfrequently has a green tinge, always contains amoeboid blood cells

and travels along definite tracts of the body cavity. The simplification

of the circulatory apparatus, which is confined to a dorsal vessel, is

correlated with the richly branched respiratory apparatus, the air-

conducting trachea, which are distributed to all the organs and carry

oxygen to the blood. The heart, which has the form of a dorsal

vessel (fig. 442), runs in the middle line of the abdomen, and is

divided by transverse constrictions into numerous (up to eight)

chambers corresponding to the seg-

ments. These chambers are attached

to the integument of the dorsal sur-

face by triangular muscles (alary

muscles). During the diastole of

the chambers the blood streams

through as many paired lateral

slits into the heart, which contracts

gradually from before backwards

and drives the blood in the same

direction. The anterior chamber

is prolonged into a median aorta,

which runs forward to the head.

From this aorta the blood flows

freely into the body cavity and

returns to the heart in four prin-

cipal streams, two lateral, one dorsal

beneath the dorsal vessel, and one

ventral above the ganglionic chain,

giving off numerous branches to the

extremities, etc. It is only in ex-

ceptional cases (e.g.,
in the caudal

At

filaments of the larvae of Ephemera}
FIG. 442. Longitudinal section through

, . . ,. the body of Sphinx Itquttri (after
that arterial vessels are found pass-

ing out from the heart.

Respiration is effected by branched

trachea, which take in their supply
of air through paired slit-like open-

ings, the stiyniata. The latter are

usually situated in the membranes connecting the sterna and

terga (fig. 428), and the exchange of air is determined by the

distinct respiratory movements of the abdomen. The number of

stigmata is very various, but there are rarely more than nine or fewer

Newport), ifx, maxillse forming the

proboscis; t, palp; At, antenna; Gs

brain
; Gi, suboesophngeal ganglion

N, thoracic and abdominal ganglia

V, oesophagus ; V, suctorial stomach

J/, mesenteron ; Vm, Malpighian tubes

H, heart
; G, testes ; E, rectum ; A,

anus.



534 INSECTA.

than two pairs present. They are never present on the head or on

the last abdominal segment. They, are least numerous in the aquatic

larva? of beetles and Diptera, which have but two stigmata placed at

the hind end of the abdomen on a simple or forked tube. There

are, however, often two openings on the thorax in addition. Some

water-bugs (e.g., Nepa Ranatra, etc.) have at the end of the

abdomen two long grooved filaments which lead at their base into

two air cavities. Such water-bugs can by this arrangement take up

air like the Dipteran larvse, by protruding the respiratory tube on

the surface of the water.

The trachece (fig. 443), which are kept open by the spiral thickening

of the chitinou's membrane lining them, are always more or less

perfectly filled with air, and on

that account have usually a silvery

shining appearance. Their internal

chitinous membrane is produced by
an outer delicate and nucleated cell

layer, and is thrown off with the

external cuticle and renewed at

each moult during larval life. The

dilatations which are not unfre-

quently present in the course of

the trachea;, and which, in strong

flying insects, as Hymenoptera,

Diptera, etc., are enlarged to form

air sacs of very considerable size,

may with justice be compared to

the air sacs of birds. They possess a

delicate chitinous membrane, which

exhibits no trace of the spiral fibre.

They therefore collapse with great ease, and require for their filling

special respiratory movements. These are especially noticeable in

the relatively clumsy Lamellicorns before their flight. The arrange-
ment and distribution of the tracheal system may easily be described

by starting with the origin of the principal trunks from the stigmata.

Each stigma leads into one (or more) tracheal trunk, which sends out

connecting branches to the neighbouring trunks and gives off a tuft

of much branched tubes to the viscera. As a rule, there are formed

in this way two independent lateral trunks, which communicate by
transverse tubes and give off numerous secondary trunks to the

internal organs. The finer branches of the secondary tubes are not

Fig. 443. Tracheal branch with finer

twigs (after Laydig). Z, Cellular

external wall
; Sp, cuticular lining

(spiral fibre).
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only applied externally to the viscera, but partially traverse them

and serve at the same time to support them.

Tracheal gills are present in the form of leaf-like or filiform

appendages on the body of the larvae of Phryganidoe, EphemeridtB

(tig. 444), and in the rectum of the larvae of jEschna and Libellula.

FIG. 'tit. a, Larva of E/rfemera with seven pairs of tracheal gills lit, slightly mngnified.

Tic, An isolated tracheal gill, strongly magnified, li, Tracheal system of an Ayrion larva

(after L. Dufour) ; Tat, trachoal trunk
; Na, accessory eyes.

In the last case the walls of the rectum are very muscular, and

are capable of regularly pumping in and out water, thus giving rise

to a kind of respiratory movement.
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The so-called fat bodies stand in the closest relation to respiration

and the nutritive processes. They are fat-like shining and usually

coloured, lobed and globular bodies, which are distributed beneath

the skin and between the organs, and are especially abundant during
larval life. The chief importance of these organs depends on the part

they play with regard to metabolism. They consist essentially of an

accumulation of superfluous nutritive material, and seem to be used

for nourishment and for the production of heat, and especially during
the development into the perfect insect for the formation of new

parts of the body and for the growth of the generative organs. The

rich distribution of the trachepe to the fat cells points to the con-

sumption of a large amount of oxygen, and consequently to an

active metabolism, which is further demonstrated by the frequent

deposition of nitrogenous waste material, especially of uric acid.

The phosphorescent organs of the Lampyridce and various

Elateridce show a certain resemblance to fat bodies. These organs
are delicate plates, which in Lampyris are present on the ventral

surface of several of the abdominal segments and consist partly of

pale albuminous cells, and partly of granular cells, containing uric

acid
; richly branched trachea? and nerves are distributed amongst

these cells. The pale cells compose the lower ventral layer of the

plates, and it is this layer alone which is phosphorescent. These cells,

together with the terminal cells of the trachea?, which are always very

numerous, are to be regarded as the active elements, the chemical

changes of which, under the influence of oxygen, and to a certain

extent of the nervous system, give rise to the phenomenon of

phosphorescence. The cells of the upper non-luminous layer of the

plates contain a great number of refractile granules, which, accord-

ing to Kcilliker, consist of uric acid compounds, the final products of

the metabolism which causes the phenomenon of phosphorescence.
The nervous system of insects presents a very high development,

and a great amount of variation in arrangement ;
all transitions

between a long ventral ganglionic chain, consisting of about twelve

pairs of ganglia, and a common thoracic ganglionic mass are found

(figs. 77 and 78). The brain (supra-cesophageal ganglion), which is

placed in the head, attains a considerable size. It presents several

groups of swellings ; these are especially marked in the Hymenoptera,
which have the highest psychical development. It gives origin to the

sense nerves, and seems to be the seat of the will and of the psychical

activity. The small suboasophageal ganglion supplies the mouth

parts, and corresponds to several pairs of ganglia fused together.
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The ventral chain, which with its lateral nerves may be compared
to the spinal cord and the spinal nerves, preserves the primitive

uniform segmentation in most larvse, and is the least modified in

insects with a free prothorax and long abdomen. In such insects,

not only do the three large thoracic ganglia, which supply the wings
and legs with nerves, remain separate, though certainly they are

often strengthened by the anterior abdominal ganglia, but also a

larger number of abdominal ganglia. Of the latter, the last, which is

formed by the fusion of several ganglia and gives off numerous nerves

to the ducts of the generative apparatus and to the rectum, is always

distinguished by its considerable size. The gradually progressing

concentration of the ventral cord, which may be followed out in the

larval and pupal development,* is ex-

plained by the crowding together of

the abdominal ganglia, as well as by
the fusion of the thoracic ganglia. Of

the latter, those of the meso- and

meta-thorax first fuse to a large pos-

terior thoracic mass, which then fuses

with that of the prothorax to form a

common thoracic mass. When the

latter is finally united to the fused

mass of the abdominal ganglia, the

highest grade of concentration, which

is found in the Diptera and Hemip-

tera, is reached.

The visceral nervous system is divided

into the system of the Cesophageal
FlG - 415.-Cercbral ganglion and ceso-

phageal nerve ganglia of Sphinx
nerves and the true sympathetic. In ngustri (after Newport). Gfr., Frontal

the former we can distinguish unpaired
&*&"*. a', / eanslia of the

paired cesophageal nerves. '

and paired oesophageal nerves. The

unpaired system springs from the anterior surface of the brain by two

roots, which unite in front to form the so-called frontal ganglion (fig.

445 Gfr.} In its further course on the dorsal surface of the oesophagus
it forms a number of fine plexuses in the muscular layer of that organ

(fig. 445). The paired oesophageal nerves spring on either side from

the posterior surface of the brain, and swell out at the sides of the

oesophagus to form larger ganglia, which also supply nerves to the wall

of the cesophagus. A system of pale nerves, first described by Newport
* Compare especially the numerous papers of Ed. Brandt,

" Ueber die meta-

morphose des Ncrvensystems.''
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as nervi respiratorii or transversi, is to be regarded as a true sympa-

thetic. These nerves are given off near one of the ganglia of the

ventral chain from a median nerve which runs between the two

ventral nerve cords, has a root in the ganglion, and sometimes forms

a small sympathetic ganglion. After their separation they again form

lateral ganglia, the nerves of which pass into the lateral nerves, but

afterwards separate again from the latter, and after forming plexuses

supply the tracheal trunks and muscles of the -stigmata.

Of the Sense organs, the eyes* attain the highest grade of per-

fection. The unicorneal ocelli are principally present in larval life,

but two or three of them are often present on the top of the head of

fully-developed insects (fig. 87). The facetted eyes are placed at

the sides of the head, and are found in the fully-

developed insect (fig. 85).

Auditory vesicles with otoliths have not been dis-

covered in insects. Since, however, the capacity of

perceiving sound can scarcely be doubted for numerous

insects, and especially for those which are capable of

producing sound, we are forced to presuppose the

existence of some organ for the perception of sound.

In fact, in the springing Ortlioptera apparatuses can

be pointed to which probably serve as acoustic organs
for the perception of sound waves. In the Acridice

these are placed at the sides of the first abdominal

segment close behind the metathorax (fig. 66, b), in

the GryllodecB and Locustidce in the tibire of the

FIG. 44.5. Tibia anterior legs, just beneath the articulation of the
of the anterior

femora /
fig 445} In this region a trachea! trunk

leg of lacuitii '

viritUfiima (after dilates between two lateral membranes so as to form
y '

a. vesicle, on which are spread out the end cells, pro-

branewithopcr- vided with so-called nerve rods, of a nerve springing

from the first thoracic ganglion (fig. 447). Peculiar

sense organs have also been discovered in the posterior wings of

beetles and in the halteres of flies.

Shining nerve rods have been found by Leydig in the nerves of

*
Compare especially Lcydig,

" Zum fcinercn T5au dcr Arthropoden, sowie

( ; ynehs-und Gehororgane der Krebse und Inscctcn." Jffiller's Archie, IS.") and

1860.

H. Grcnacher, "
Untcrsuchungcn iiber das Scborgan dcr Arthropoden."

Gb'ttingcii, 1ST'.).

Also V. Grabcr,
' Die tympanalcn Sinnesorgane der Orthoptercn." Wien,

1875.
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the antennze, the palps, and legs, under conditions which render it

possible that these nerves have the value of tactile nerves, and this is

the more probable since the sense of touch is principally discharged by
the antennre and the palps of the oral apparatus, as well as by the

tarsal joints of the legs.

Olfactory organs are very generally distributed, as might have

been expected from the developed capability of tracking which many
insects possess. It may be regarded as fairly certain that tho

surface of the antennpe is the seat of the olfactory sense. Formerly,
in accordance with the views of Erichson, the numerous pits which

are found, for instance, on the leaf-shaped antenna; of the Lamelli-

cornia, were interpreted as olfac-

tory pits ;
but it is more correct to

regard with Leydig the peculiar

cones and knobs of the antennas

which are connected with gangliated

nerve endings as olfactory organs.

The reproduction of insects is

principally sexual. The male and

female generative organs are always

placed in different, individuals; but

they correspond in their position and

parts, and in their opening on the

ventral surface of the hind end of St-

the body. The testes and ovaries

are provided with paired ducts end-

ing in an unpaired portion (fig. 91).

The first rudiments of the genital

organs may be traced back to a

very early stage of the embryonic

development. Their development,

however, is only completed in the

latest period of larval life, or in insects with complete metamorphosis

during the pupal stage. In rare cases the full development and

maturity of the sexual organs is never completed, as in the so-called

sexless Hymenoptera (working bees, ants) and termites, which are

incapable of reproduction.

The males and females are distinguished by more or less important
external differences in various parts of the body ;

sometimes these

differences lead to a marked sexual dimorphism. The males are

almost always more slenderly formed, and are capable of quicker and

FIG. 447. A portion of the nerve termina-

tion in the anterior lej; of Locusta. riri-

(Uttiina (after V. Graber). If, nerve;

Gz, ganglion cells; St, rods in the

terminal cells.
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easier movement. They have larger eyes and antennae, and their

colours are brighter and more striking. When there is a pronounced

dimorphism the females are apterous, and their form approximates to

that of the larva (Coccidce, Psyckidce, Strepsiptera, Laanpyris), while

the males are provided with wings.

The female generative organs are composed of paired ovaries and

oviducts, the unpaired oviduct, the vagina and the external genital

apparatus. The ovaries are elongated tubes, in which the eggs

originate. The ova lie one behind another in a single row like a

string of pearls, increasing in size from the blind end to the opening
into the oviducts

(fig. 91, a). The

arrangement of these ovarian

tubes presents extraordinary

variations, and there thus ori-

ginates a great number of dif-

ferent forms of ovary, which

have been described principally

in the beetles by Stein. The

number of the ovarian tubes

also varies exceedingly, being

least in some Rhynchota, and

then in the butterflies, the

latter having on each side only

four very long ovarian tubes,

which are many times folded

(fig. 448). At their lower ends

the ovarian tubes on either side

open into the dilated commence-

ment of the oviduct, which joins

with that of the other side to

form a median oviduct. The

lower end of the latter repre-

sents the vagina, and often

receives, near the genital aperture, the ducts of special cement and

sebaceous glands (//landidat selxtcecv), the secretion of which is used to

surround and fasten the eggs which are about to be laid. In

addition to these glands, the unpaired efferent duct of the genital

apparatus is very commonly furnished with one or several usually

stalked receptacula seminis (fig. 449), in which the semen, often

introduced in the form of spermatopJwres, retains its fertilizing

properties for a long time, sometimes for years, under the in-

FlG. 448. Female sexual organs of Tanota
urticte (after Stein). Or, The ovarian tubes
cut off ; He, receptaculum seminis and

accessory glands; T'a, vagina; Be, bursa

copulatrix with duct lending to the oviduct
;

Dr, glandular appendage ;
Dr

', glaudulie
sebacese ; S, rectum.
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lid

fluence of the secretion of an accessory gland. Beneath the recepta-

culum seminis, a large pouch-like diverticulum, the bursa copulatrix,

which assumes the function of the vagina, is sometimes separated

from the vagina. In the butterflies
(fig. 448) a narrow duct serves

to convey the sperm from this bursa, which

opens separately, to the receptaculum.

The male generative organs consist of

paired testes and their vasa deferentia, of

a common ductus ejaculatorius and of the

external copulatory organ (fig. 450). The

testes are long blind tubes, which are present

either singly or in number on either side,

and are often coiled together so as to form a

seemingly compact brightly-coloured body.

They may also be united to form an unpaired

organ in the middle line. The testicular

tubes are prolonged on either side into a

usually coiled efferent duct or vas deferens,

the lower end of which dilates considerably,

and may even swell out to the form of a

vesicle (vesicula seminalis). At the point

where the two vasa deferentia join to form the muscular ductus

ejaculatorius, one or more glandular tubes often pour their coagulable

secretion into the latter
;

the secretion serving to form a case

round the balls of spermatozoa. The transference of the sperrnato-

phores into the body of the female

is effected by a horny tube or

groove which surrounds the end

of the ductus ejaculatorius. This

tube, when not in use, usually lies

retracted in the abdomen, and

when protruded is surrounded by
external organs for attachment

(valves or pincers), as by a sheath.

In exceptional cases (Libellula) the

copulatory apparatus which serves

to transfer the sperm is remote

from the generative opening, as in

the male spiders, being placed on

the ventral side of the enlarged second abdominal segment.
Almost all insects are oviparous, and only a few, as the Tachincv,

FIG. 449. Terminal region of

the female generative organs
of 3IiiKca domestica (after

Stein). Od, Oviduct, Re, the

three receptacula seminis
;

Dr, glandular appendages
of the vagina ;

Bl. blind

sac-like appendage.

FIG. 450. Male generative organs of the

Cockchafer ; (after Gegenbaur). T, Tes-

tes; Vd, dilated portion of the seminal

duct; Dr coiled accessory gland.
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some of the CEstrldce and of the Pupipara, are viviparous. As a

rule, the eggs are laid shortly after fertilization, and before the

commencement of the development of the embryo. In rare cases

the embryo is already formed when the egg is laid. In the last case

the segmentation and formation of the embryo take place in the vagina

(fig. 451). The fertilization of the egg usually takes place during
its passage through the oviduct, at the place where the receptaculum
seminis opens. Since the eggs become invested with their resistant

chorion in the ovarian tubes, from the epithelial cells of which they

originate for the most part during the larval life, it is necessary
that there should be special arrangements which render possible the

entry of the spermatozoa and the fertilization of the ovum. For this

object there exist on the upper pole of the egg (the pole turned

towards the egg-tubes during the passage of the egg) one or more

pores known as micropyles,*

which pierce the chorion

and present a characteristic

form and arrangement (fig.

452).

The ova originate in the

narrow terminal portion of

the egg-tubes, which is

often prolonged into a thin

thread. Here the growth
of the egg-tube takes place,

as well as the differentiation

of its contents into egg cells and ovarian epithelium. The ovarian

tubes increase continuously in diameter towards the oviduct, in

correspondence with the gradual increase of size undergone by the

eggs, which are arranged one behind another in its lumen. Each

egg occupies a chamber, and obtains an external resistant mem-
brane (ckorion), which is secreted by the epithelium which lines the

chamber. The chorion shows in its external markings the pecu-

liarities of the epithelium from which it was formed.

Besides this type, which is found in Pulex and in many of the

Neuroptera and Orthoptera, there is a second type of ovarian tube,

distinguished from the first by a more complicated structure of the

ovarian chambers. The lumen of such egg-tubes encloses above the

FIG. 451. Female generative organs of the viviparous

Melopharjns ovini'.s (Pupipara) (after R. Leuckart).

Or, Egg in the ovarian tube of one side ; Ut,

uterus; Dr, the glands opening into the uterus;

Va, vagina.

*

Compare R. Leuckart,
" Ueber die Mikropylc und den feinercn Bau der

Schalenhaut bei den Insectcn." Mtiller's Archie., 1855.
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ovuni a single (Forjicula), or a number of yolk-forming cells (nutri-

tive cells), so that we can distinguish in the egg-tube alternate yolk

and germ compartments (fig. 453, a and b). In rare cases (Ajihidcs)

there is at the end of each egg-tube a common larger chamber of yolk

cells, which are connected with the egg-chambers by means of "
yolk-

cords" (fig.
453 c).

Parthenogenesis and Heterogamy. In certain insects, partheno-

genesis, i.e., spontaneous development of unfertilized ova, has been

shown to obtain
;

this occurs in the

Psyclddce (Psyche], Tineidce (Solenobia),

CcccidcB (Lecanium, Aspidiotus) and

Chermes ;
also in numerous Hymenop-

lera, especially in Bees, Was2>s, Cynipidce,

and Tenthredinidce (Nematus). In the

Hymenoptera which live together in

the so-called animal communities, male

forms only are produced from the unfer-

tilized ova (arrenotokia). Chermes affords

an example of Heterogamy, in that two

different oviparous generations follow

one another; a slender and winged

summer generation, and an apterous

generation which is found in autumn
o

and spring and lives through the winter :

the males are, in most cases, not yet

known. The closely-allied Aphides (plant-

lice),
which were formerly supposed to

present the phenomenon of an alterna-

tion of generations, behave in a similar

manner. In them the summer genera-

tions are very numerous, and are suc-

ceeded by a sexually-developed autumn

generation, which includes winged males

as well as the oviparous and often ap-

terous females (fig. 97, a, b). In the

spring, viviparous Aphides are developed

from the fertilized eggs. These are mostly winged (fig. 99), and in

their organisation closely resemble true females. Their reproduc-

tive organs are, however, differently constructed, and are without

the receptaculum seminis. Since they never copulate, they have

often been regarded as asexual forms provided with germ, tubes.

FIG. 452. Micropyles (Mk) of insect

eggs (after R. Leuckart). a,

upper part of the egg-shell of

Aiithomyla; b, egg of JDrofOn'iHa

cellaru ; c, stalked Cgg of Faiiiscui

testaceus.
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The germ apparatus, hoAvever, of the so-called Aphide asexual

generation not only has a \\-ry great resemblance to the female

generative apparatus of insects, but the structure and mode of origin

of the germ seems to agree so closely with that of the ovum that

the viviparous Aphides must be considered as a peculiarly organised

generation of females, the genital apparatus of which has undergone

some simplifications adapted to parthenogenesis. However that may

be, it will be convenient in this case to call the ovary the pseudovary,

and the ova which originate in it and are incapable of fertilization,

the pseudova. From this point of view the reproduction of some

FIG. -153. a, Egg tube of Foificitla. JV.-, Nutritive cells
; E , ovum; OE, epithelium of the

wall of the egg tubo. b, Me liau part of the egg tube of a Moth. l?z, nutritive cells of

the yolk-chamber ; Ez, ovum in the germ-chamber ; H, connective tissue investment,
so-called serosa. c, Egg-tube of Aphisplafanoides with three ovarian chambers(EzEz")
and the terminal nutritive chamber with its cells Ni. Dx, yolk cord.

Diptera (Cccidomyia, Miastor, fig. TOO), which can reproduce them-
selves while still in the larval stage, may be explained.
The development of the embryo takes place as a rule outside tho

body of the mother, and occupies a longer or shorter period of time,

according to the temperature and the time of the year. The centro-

iccithal segmentation leads to the formation of a superficial blastoderm,
which surrounds the ovum, and always consists of a single layer of

ceils. A part of this blastoderm, on that side ot the ovum which the

later history shows to be ventral, becomes thickened and sharply
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marked off from the rest, and forms the structure known as the

ventral plate, which constitutes the first rudiment of the head and

ventral half of the embryo.

In many cases (Rhynchota LiMhda} the ventral plate grows out

from a hill-like thickening of the blastoderm (fig. 454) into the

interior of the yolk, so that an internal ventral plate arises, in the

formation of which a portion, though a small one, of the external

blastoderm participates. The ventral thickening, which gives rise to

the ventral plate, is caused by long columnar cells, and is at first

confined to a small portion of the egg ;
in Hydropliihis the posterior

end (fig. 455, a). Inasmuch as its lateral edges become elevated

a

Pis. 451. Embryonic development of Cnlnpf/>ri/x rirgo (after Al. Crandt). a, Commencing
involution of the ventral plate. The blastoderm was at first one-layered and thickened at

the poles. G, edge of ventral plate, b, Later stage of the involution, c, The embryonic
membranes are developed ; Lp, parietal (serosa); J>, visceral (amnion) layer of the latter.

d, The appendages have sprouted out on the ventral plate. A, Antenna ; AM, mandible ;

MX', first maxilla
; Mr, second iraxilla (labium or lower lip). Then follow three pairs of

legs, e, Eversion of the embryo which is protruded from the sheath of the visceral layer.

d, Completion of the inversion ; the hind end of the body is free ; the yolk sac is on the
dorsal surface.

and grow towards one another
(fig. 455, b, c), the thickened ventral

plate first assumes the form of a groove, and then, after the fusion of

the lateral edges, becomes a canal, the lumen of which is soon

obliterated. The roof only of this canal corresponds to the epiblast,

while the cells of its floor and its sides give rise to the first rudiment
of the mesoblast. At the edge of the so-called ventral plate, fresh

35
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folds are then forined
;

these lead to the formation of the embryonic

membranes, whidh are so characteristic of insect development. In

F:o. 455. Development of the embryo of HytJrojiJiilui piceus (after Kowalovski). a, Shield-

like ventral plate With raised edges. It, The edges are already growing together in the

middle, c, The groove is almost entirely closed. <f, The tail fold of the embryonic
membranes has grown over the posterior end of the closed groove and is gradually

extending forward ; Am, Amnion. e, The embryonic membranes have almost entirely

grown over the embryo. /, The embryonic rudiment beneath the completely closed mem-
branes ;

with seventeen primitive segments : El, Procephalic lobes ; A, antenna?, g. The
ventral plate extends along the whole length of the ventral surfnee. The bi-lobed upper lip

is present, also the antenna1
, (.-I) the jaws, and the first rudiments of the legs; rudimentary

appendages are present on the seventh segment ;is prominences. On the abdominal

segments there are round invaginations, the first rudiments of trachea1 ; there is a

longitudinal groove from month to anus, li, The ventral plate covers the whole ventral

surface of the ovum ;
the openings of the invaginations (stigmata) have become small ;

rudimentary extremities are still present on the first abdominal segment. The ganglia

of the ventral chain have appeared. /.Viewed from the dorsal surface the so-called

dorsal plate has closed up to a tube; Oe is its opening. A-, The embryo just before-

hatching seen from the ventral side.

Ifi/'lropli'dns these folds grow together over the ventral plate from

behind forwards, and fuse with one another, so as to give rise to an



LARVAL DEVELOPMENT. 547

external and internal membrane, the former being called the serous

membrane, and the latter the anmion (fig. 455, d, e).

Simultaneously with the above-mentioned appearance of the

membranes (in other cases at an earlier stage of development) the

ventral plate becomes divided into two symmetrical halves, the

germinal bands, which become divided by transverse constrictions into

segments (up to 17). First of all three cephalic segments, on which

the oral appendages are subsequently developed, make their appear-

ance behind the procephalic lobes, which bear the first rudiments of

the antennae. Behind these the rest of the primitive segments

(mesoblastic somites) are successively marked off.

Inasmuch as the germinal bands become strongly contracted, their

dorsally bent round, terminal portion becomes drawn more and more

towards the lower part of the egg, while their lateral parts gradually

grow round the yolk to form the dorsal surface of the embryo

(fig. 455, /, g, Ji).
With these changes the body of the embryo

has assumed a closed form ; it now possesses mouth and anus, the

first rudiments of the internal

organs and the external appen-

dages of the segments, and is soon

ready to escape from the egg and

begin its independent life.

In Hydropllilus and the Pliry-
FIG. 45G. &cTt*a. larva with rudimentary

.. ,.~, ,. . wings and mask.

gamdce, peculiar differentiations

appear on the dorsal surface, giving rise to a dorsal plate, which later

on becomes folded, so as to form a dorsal canal (fig. 455, ?').

The post-embryonic development takes place, as a rule, by means

of metamorphosis, the form, organization and mode of life of the

young animal, after hatching, being different from that of the

sexually adult animal. It is only in the lowest forms, the partly

parasitic Aptera, both sexes of which are without wings, that the

young leave the egg as perfect animals (Insecta ametabola).

In those insects which pass through a metamorphosis, the manner

and degree of the transformation differs greatly, so that the dis-

tinction of a complete and an incomplete metamorphosis, which was

formerly employed, seems to be in a certain degree justified.

In the case of the incomplete metamorphosis (Rhynchota, Orthoptera)

the development of the larva into the perfect winged insect presents

a number of stages, during which the larva is capable of free locomo-

tion and of nourishing itself. During these stages, which are marked

by successive ecdyses, it gradually acquires wings and increases in size,
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the rudiments of the generative organs are further developed, and it

becomes more and more like the winged insect. In the simplest case

the mode of life and the organization of the young larvae closely

resemble those of the sexually adult animal, as for instance in the

Hemiptera and Ortlioptera genuina, but in other cases the adult and

larva may differ considerably, although not so much so as in insects

with complete metamorphosis ;
for instance, the larvee of the

Epherneridte and the Libellulidae live in another medium and increase

in size under different conditions of nourishment (fig. 456).

The metamorphosis is only said to be complete in those forms in

which the larva passes through a quiescent stage, in which it is

known as a pupa and does not take nourishment. With this stage

PIG. 457. Metamorphosis of Sitarit humeralU (after Fabre). a. First larval form, b, Second
larval form, c, Pseudo-pupa, d, Third larval form, e, Pupa.

the larval life ends and the life of the winged insect (Imago) begins.

The larvae of insects with complete metamorphosis differ from the

sexual animal to such an extent in mode of life and nourishment, in

the form of the body and in the whole organization, that though the

parts of the body peculiar to the winged insect are prepared and

established in larval life, yet a longer or shorter period of quiescence,

in a certain sense a second embryonic period, seems necessary, during
which the essential alterations of the internal organs, as well as the

consolidation of the newly-established external parts, are effected

(hypermetamorphosis, Meloidoe, fig. 457).

In the form of their body and the homonomous segmentation,
the larva; recall Annelids, with which they also often have in
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common the uniform segmentation of the ganglionic chain. Never-

theless, it is probable that only a proportionately few of the

larval forms have preserved the primitive form, and have a phylo-

genetic significance (Orthoptera). In most cases the insect larvae owe

their special peculiarities to secondary adaptations. In exceptional

cases, the metamorphosis may be distinguished by quite special larval

forms, as for instance in the Pteromalina (Platygaster, Teleas), the

eggs of which are laid in other insect larvae
(fig. 458).

The lowest, usually parasitic larvae are quite vermiform, and are

without limbs or a separate head, the latter being represented by the

anterior rings of the body (maggots of Diptera and of numerous

FIG. 433. Larval forms of three species of Platyjatter (after Ganin). a, b, r, Cyclops-like
larval stage* with claw-like jaws, cephalothoracic shield and abdomen, d, second larval

stage, e, Third larval stage.

Hymenoptera, fig. 66, a). In other cases there is indeed a separate

cephalic region, but the following thoracic and abdominal segments
are entirely without appendages. The larvae of the Neuroptera, of

many beetles, of the Tenthredinidce and butterflies (caterpillars), have,

on the contrary, jointed appendages on their three free thoracic seg-

ments, and frequently also a greater or less number of rudimentary

appendages, the so-called prolegs, on their abdomen. There are two

rudimentary antennae on the heads of these larvje, and a varying
number of simple eyes. The mouth parts are, as a rule, adapted
for biting, even when the adult animal has a suctorial tube, but, with

the exception of the mandibles, they are usually rudimentary. The
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mode of nourishment of the larvae varies very greatly ;
but their diet

consists mainly of vegetable substances, which stand in great abund-

ance at the disposal of the quickly-growing body. The larva usually

undergoes four or five, rarely a greater number of moults, and in

the course of its growth gradually assumes the form of the winged

bisect, not in all cases by the direct transformation of parts already

present, but sometimes only after essential processes of new

formation.

'"in this respect, however, there are considerable differences, the

extremes of which are represented in the Dlptera by the genera

Corethra and Musca. In the case of Corethra, the larval segments

and the appendages of the head are transformed directly into the

corresponding parts of the perfect insect, while after the last larval

ecdysis the limbs and wings are formed from the imaginal discs.

The imaginal discs are derived from the hypodermis of the larva.

The muscles of the abdomen and the other

system* of organs pass unaltered, or with

but little alteration, into those of the

adult animal. The thoracic muscles, on

the contrary, originate as fresh formations

from rows of cells already established in

the egg. With these slight changes, the

459./ imago of Piatygcuter active life of the pupa and the small de-
(after Ganin).

velopment or the fat body are in necessary

correlation. In Musca, on the contrary, the pupa of which is quiescent
and enclosed in a firm barrel-shaped membrane and contains a large fat

body, the body of the adult animal, with the exception of the abdomen,
ai'ises by extensive transformations of the larva. The head and thorax

axe developed from imaginal discs, which, already established in the

egg, become developed in the larva on the investing membrane of the

nerves or tracheae. It is not until the pupal stage that these discs

grow together, and give rise to the head and thorax. Every thoracic

segment is composed of two pairs of discs (a dorsal and a ventral),

the appendages of which represent the later wings and legs. All the

systems of organs of the larvae are said to undergo a disruption

during the protracted pupal stage as a result of the (recently,

however, contested) process of so-called histolysis, and are replaced

by new formations by aid of the fat body and the granular spheres

arising from the latter.

When the larva has attained a certain size and degree of develop-

ment, i.e., when it is fully grown and provided with the food
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material required for its future changes, in the form of the enormously

developed fat body, it is ready to enter on the pupal stage. The

larvse of many insects prepare above or below the ground, by means

of their spinning glands, a protective web, in which, after casting

their skin, they enter the pupal stage (Chrysalis). The external

parts of the body of the winged insect either lie against the common

horny skin of the pupa, so that they are recognizable as such

(Lepidoptera, pupa obtecta), or they already stand out freely from the

body (Coleoptera, pupa libera). This distinction is, however, an un-

important one, since in the first case the limbs are free just after the

ecdysis, and are only cemented afterwards by the hardening cuticular

layer. If the pupa remains enclosed by the last larval skin (Mus-

cidce) it is termed pupa coarctata.

In all cases the body of the winged insect lies with its external

parts sharply marked in the pupa, and the special object of the pupal
life is to complete the changes of the internal organisation and the

maturity of the sexual organs. When this is accomplished the

winged insect bursts the pupal skin, forces its way out by means of

antenna?, wings and legs, and expands those parts which have been

folded together, under the influence of violent inspirations, by which

the trachea? become filled with air. The chitinous covering becomes

harder and harder, the urinary secretion which has accumulated

during the pupal sleep is ejected from the rectum, and the insect

is capable of performing all the functions of the sexually adult

animal.

The mode of life of insects is so varied that it is hardly possible

to give a general account of it. The diet is both animal and vege-

table, and is taken in the most varied forms, either solid or fluid, and
fresh or decaying. Plants are especially subject to the attacks of

insects and their larva?, and there exists, perhaps, no Phanerogam
which does not afford nourishment to one or more species of insects.

On the other hand, insects seem useful or even necessary to the well-

being of the vegetable world, for in many cases e.g., many flies,

bees, and butterflies they bring about fertilization by carrying the

pollen to the stigmata of flowers.

The complex, often marvellous, and apparently intelligent actions

performed by insects correspond to the perfection with which the

vegetative organs discharge their functions. Such actions are

largely carried out instinctively by the mechanism of the organi-

sation, but they certainly in part depend upon psychical processes,

since they presuppose memory and judgment, in connection with
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the highly-developed perceptive powers of the .sense organs. The
animal enters the world with instinct, but, in order to perform acts

depending on memory and judgment, it must first acquire the

necessary psychical conditions by sense perceptions and experience

(bees). In the inherited organisation are latent all those capabilities

which have been acquired in the gradual processes of phylogenetic
modifications and at the expense of psychical forces, and have, at

last, as the result of frequent use, become automatic and a

pure mechanical property of the organism.
The instinctive and psychical manifestations tend directly to the

preservation of the individual by providing ways and means for the

acquisition of food and for protection, but there is a special instinct

tending to the preservation of the species and the care of the young.
The most simple example of the latter is to be found in the judicious

deposition of the eggs in protected localities, and on plants suitable

for the nourishment of the just-hatched animal. The actions of the

mother become more complicated in those cases in which the larva

develop in specially prepared places, and have, as soon as hatched, to

meet with the requisite amount of suitable nutritive material (Sphex

sabulosa). But most wonderful are the instincts of some of the

Orthoptera and Hymenoptera, which concern themselves about the
fate of their young after they are hatched and carry nourishment to

them during their growth. In such cases a great number of indivi-

duals become associated together for the common welfare in the

so-called animal communities, in which there is a marked division 'of

labour among the different members; males, females and sexually
aborted forms or neuters (termites, ants, wasps, bees).
Some insects are capable of producing sounds,* which we must

in part regard as the expression of an internal disposition. We
cannot, however, thus regard the buzzing sounds produced during
flight by Hymenoptera and Diptera (vibration of wings and of the
foliaceous appendages within the tracheae), or the sounds like those
of a rattle which are produced in numerous beetles by the friction of

certain body segments against one another (pronotnm and mesonotum
of the Lamellicornia) or with i,ho inner sides of the wing-covers,

although it is possible that such sounds are of some use for defence

against hostile attacks. Peculiar vocal organs, which produce sounds
for the purpose of attracting the females, are found in the male
Cicada on the abdomen, and in the males of the Gryllidw and

* H. Lanclois,
" Die Ton-unrl Stimmapparate cler Insecten." Leipzig, 1867.
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A

Locustidce, at the base of the anterior wings. Both sexes of the

Acrididee also produce similar though feebler chirping sounds, by

rubbing the femora of the posterior legs against the edge of the wing-

covers.

Insects are almost universally distributed, from the equator to the

extreme limits of vegetation ; certainly Avith a considerable diminu-

tion in the number of species, and in their size and beauty of colour.

Some forms are truly cosmopolitan, e.g., Vanessa cardui. Fossil

insects are found in

increasing numbers of

species, from the car-

boniferous formation to

the tertiary period. The

best preserved are those

enclosed in amber and

the impressions in the

lithographic slate.

Order I . THYSANURA *

(including COLLEJI-

BOLA).

Wingless insects, with

hairy or scaly body cover-

ing ; with rudimentary

masticating mouth parts
and setiform anal fila-

ments, which may serve

as a springing appara-

tus, at the end of the

ten-segmented abdomen.

Development without

metamorphosis.
The Tlnjsanura seem to have preserved most completely the

primitive character of the oldest insect forms. The elongated

Campodido} particularly recall certain Myriapods, especially since

they may have rudimentary feet on the abdomen (fig:. 459, a, b).

On this account the Campodidce have been regarded as ancestral

P'

FIG. 459. a, Campodea stapJiylinui (after J. L'ibbock).

b. Anterior half of the body of C. Frogilu (after

PalmtSn). Tr, Trachea; S. stigmata; P, legs; P', rudi-

mentary abdominal feet; A, antenna.

* John Lubbock, <;

Monograph of the 'Collembola and-Thysanura." Londor,
1873.
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forms of the insects. The head bears tolerably long setiform an

tenna?, and, as a rule, aggregated ocelli, in place of the facetted

eyes. The mouth-parts consist of mandibles and maxillae, which

can be retracted into a sort of atrium. In this case an apparatus

for attachment with gland is often present on the ventral side

of the first abdominal segment. Tracheae are completely absent

in many Colkmbola (Podura), while in Campodea they present

very simple relations. There are only three pairs of stigmata,

and the trunks which spring from them do not anastomose. On
the penultimate abdominal segment there

are often setiform filaments, which when

forcibly bent ventralwards serve as a

a jr&t ^ springing apparatus (springing fork fig.

460, a).

Fam. Campodidae (fig. 459). The body is

elongated, and the abdomen has ten segments

and ends with two filaments. Japyx gigas Br.,

Cyprus. J. solifugus Hal., Campodea staphyliniis

Wcstw.

Fam. Poduridae, spring-tails (fig. 460, a). The

body is stout, globular, or elongated. The ab-

domen is usually reduced to a few segments.

and has a ventral organ for attachment, and

ends with a long, ventrally-bent fork, used in

springing. Smynthurus stgnatiis Latr., Podura

aquatica Deg.
Fam. : Lepismidae (fig. 460, b). Body arched,

elongated, and thickly covered with metallic

shining scales. The abdomen has ten segments,

and terminates with a long median seta and two

weaker lateral seteas. Lepisma saccharina L.,

Jfachilis polypoda L.

Order 2. ORTIIOPTERA.*
FIG. 4GO. a, Podura cillosa.

b, Lrpitma saccharina (regne

animal).
Insects with an incomplete metamorphosis,

with two usually unequal pairs of winys.

Jaws adaptedfor biting.

The name of this order, which was borrowed from the wings, is

by no means suitable for all the forms included, and a very great

variety prevails, both in the external appearance and in the internal

* A. Scrville,
" Histoire naturclle des Insectcs Orthoptercs." Paris, 1839.

T. DC Charpentier,
"
Orthoptcra dcscripta et dcpicta." Leipzig, 1841.

L. H. Fischer,
"
Orthoptera Europrca." Leipzig, 1853.
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organisation. The head usually bears long, multiarticulate antennas,

facetted eyes of considerable size, and also simple eyes. The oral ap-

paratus is adapted for masticating and biting. On the under-lip

(labittm) the four lobes, and sometimes also their supports (stipites),

remain separate from one another. The prothorax, the size of which

is very variable, is always freely moveable, and separated from the

mesothorax by an articulation. The form and structure of the

wings is extraordinarily variable. The anterior wings frequently
have the form of coriaceous wing covers, or, at any rate, are

stronger and thicker than the larger posterior wings, which can

be folded together. In other cases, both pairs of wings are similarly

formed and have a net-like appearance, like those of the Neuroptera.
The legs also vary in their form, the tarsus consisting rarely of two,

usually of three, four or five joints.

The abdomen usually preserves the full number of segments, and

ends with caudal appendages having the form of pincers, stylets,

filaments or setae; ten segments usually take part in its construc-

tion, the genital opening being on the ninth, and the anus on the

tenth. On the abdomen of the female there is sometimes an

ovipositor (Saltatoria). This springs from the penultimate and

antepenultimate segment, and consists on either side of an upper
and a lower valve, and an inner spinous rod lying on the upper
valve and passing along a groove on the upper edge of the lower

valve.

Many OrtJioptera have a dilatation of the oesophagus which may
be called a crop, and a gizzard ;

this is followed by the chylific

ventricle, which often has some crecal appendages at its anterior

end. The salivary glands are often extraordinarily large, and are

provided with a vesicular reservoir. The number of the Malpighian
vessels is, with a few exceptions, very considerable. The ventral

ganglionic cord presents three larger thoracic ganglia, and five, six,

or seven smaller abdominal ganglia. Some Ortlioptcra possess tym-

panic auditory organs. The generative organs consist, as a rule, of

numerous egg tubes and testicular sacs. Large glands open into

their efferent ducts. A bursa copulatrix is absent.

All OrtJioptera undergo an incomplete metamorphosis. The two

sexes are distinguished, not only by the differences of the external

copulatory organs and by the size of the abdomen, but sometimes by
the size of the wings (Periplaneta), or by the absence of the wings
in the female (Heterogamia, Pneumora) ;

and in the jumping Orthop-
tera (Saltatoria} by the development of a voice organ on the body of
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the male. The chirping sounds produced by this organ probably
serve to call the female to the place, and to excite her to copulation.

The female also, in rare cases, has the voice apparatus perfectly

developed (Eplii.ppi.gera among the Locuatidce). The eggs are laid

under very various conditions sometimes in the earth, sometimes on

external objects in air in damp places, or in water. The em-

bryonic development has been most accurately traced out in the

Libellulidce, in which an internal ventral plate is formed. The larvae

of the winged forms leave the egg without any trace of wings, and

either agree with the sexual animal in mode of life and form of body,

excepting in the number of joints on the antennas and of the corneal

facets, or differ from it considerably in these relations (Ephemeridce,

Libellulidce) in that they live in quite another medium. Most of

them, in the fully developed

state, feed on fruits and leaves,

and a few on animal substances.

Sub-order 1. Orthoptera

genuina.

Front wings small and hard,

sometimes coriaceous for the

protection of the hind wings
and the back. The hind wings
are membranous and broad, and

can be folded together longi-

tudinally. The maxillae with

horny internal lobe toothed at

the point and covered by the helmet-shaped membranous outer lobe

(galea), with five-jointed palp. The appendages of the last abdominal

segment are developed ;
the inferior stylets are sometimes wanting.

The females often have an ovipositor. The larvae always feed on solid

substances and always live on land.

Tribe 1. Cursoria. With running legs.

Fam : Forficulidae, Earwigs (Dcrmatoptera). Elongated body, with four
unequal wings, of which the anterior are short horny wing-covers, which lie

horizontally on the body and cover the thin membranous hind wings, which can
be folded by means of joints (fig. 461, a). The abdomen has nine segments and
cuds \vitli a pincer, the arms of which are strongly curved in the male. They
feed on vegetable matters, especially on fruit, and conceal themselves by day in
their haunts, from which they emerge at dusk. Ibrjicvla auricularia L., Lain-
dura ijirjantca Fabr.

FIG. 431. a, Forficula aurieularia. b,

orientalit <J (re^ne animal).
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Fam. Blattidae. The body flat, elongated oval, with a broad shield-like

prothorax, long multiarticulate antennae and powerful loeoinotory legs, with

spiny tibi<e and five-jointed tarsi. The head is covered by the large pro-

thoracic shield and is as a rule without ocelli. External lobe twice as large as

the internal. The front wings are large wing-covers which overlap one another,

but these, together with the hind wings, may be absent in the female (Hetero-

gamia) or in both sexes. They live on solid animal matter and avoid the light

in the day, living in dark hiding-places. Many species are distributed over all

the world, and in great numbers cause much damage in bakeries and storehouses.

The tropical forms are especially large. The females lay their eggs in cases a

short time before the hatching of the young. These capsules in Periplaneta

or'untalis enclose about forty eggs, arranged in two rows. In this animal

the metamorphosis is said to last four years. Periplaneta, orientalis L.
,

common cockroach, said to have been introduced into Europe from the East

(fig. 461, b). P. americana Fabr., Blatta laponica L., B. gerntanica Fabr.

Tribe 2. Gressoria. With ambulatory legs.

Fam. Mautidae (Fangheuschrecken). Anterior predatory legs, the jagged

tibise of which can be folded against the toothed femora. They prey on other

insects, and inhabit warm and hot countries ; onJy the smaller species extend

FIG. 462 Gryllotalpa vulr/aris (regne animal).

to South Europe. The females lay their eggs in clumps on plants, and surround

them with a tough secretion, which hardens so as to form a capsule. This

secretion is produced by the filiform appendages of the oviduct. Mantis

religlosa L., praying insect, in South Europe.
Fam. Phasmidae (Gespenstheuschrecken). The body elongated, as a rule

linear, with long ambulatory legs. The tarsi have five joints, and bear a large

lobe for attachment between the terminal claws. Wing-covers and wings are

often rudimentary or altogether wanting. The anal processes are not jointed.

They live in the tropics and feed on leaves. The wingless forms resemble dried

twigs, the winged dried leaves. Bacteria calamus Fabr., Surinam. Phasma

fasciatum Gray, Brasil. Phyll'ium siccifol'mm L., East Indies.

Tribe 3. Saltatoria. With jumping legs.

Fam. Acridiidae (Grasshoppers). With short filiform antennie. The an-

terior wings are stiff and only a little broader than the anterior division of

the hind wings, which during quiescence are folded up like a fan and com-

pletely covered by the front wings. The auditory organs lie on either side on

the metathorax. The female has no projecting ovipositor, but has an upper
and lower genital valve, each composed of two horny stylets. The males can

produce a chirping sound by rubbing the toothed internal edge of the posterior

femora against the projecting nervures of the wing-covers. In the female, also,

this stridulating apparatus is present, though in a rudimentary form, and not

more developed than in the male larvae. The females of many species are able
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to produce weak chirping sounds. They live principally in fields, meadows

and mountains, the larvre being present in spring and summer, and the sexual

animals in late summer and in autumn. They fly with a rattling sound, and

as a rule, only for short distances. They feed on plants. Tetti-r xulmlnta L.,

T. l/punctata Charp., (Etlipoda migratoria L., South and East Europe.

Enormous swarms migrate together, and distribute themselves in corn-fields,

causing much damage. Acridium tataricum L., South Europe.

Fam. Locustidse (Laubheuschrccken). The body is elongated and usually

coloured grass green or brown. The antennre are very slender, and the wing
covers usually lie vertically on the body. The auditory organs are in the tibia

of the front legs. The females have a projecting sabre-shaped ovipositor, which

consists of a right and left double valve on the eighth and ninth segments ;

between the valves there is, on either sida, a style which arises on the ninth

segment. The eggs are deposited in the earth in late summer or in autumn,

and there pass the winter. The larvae are hatched in the spring, and after

many months develop into the

winged sexual animal late in

the summer. The Locitstidce

live in forests and bushes, or

in fields on the tops of grass

stalks and shrubs. Locusta viri-

dissima L., L. cantans Charp..

Switzerland. EpTiippigera pcr-

forata Ross., Italy and South

Germany.
Fam. Gryllidae (Grabheu-

schrecken). Of thick cylindrical

body form, with thick free head.

Antennte usually long and seti-

form ; wing covers (anterior

wings) short, placed horizon-

tally, and the hind wings, when
rolled up, project far beyond
them,

sometimes digging feet.
FlO. 463. Oryllus campestris $ (r&gne animal).

The anterior legs arc

The male gives rise to shrill chirping sounds by rubbing his two wing-covers,

which present the same structure, against each other, and these sounds probably

attract the female. During copulation the male attaches to the female

jvnital opening a spermatophore, which, as in the Crustacea, is carried about

till it is empty. The females have a straight cylindrical ovipositor, which is

spindle-shaped at the end; more rarely they are without an ovipositor. The

(j'r>/llidrc mostly live beneath the earth in holes and passages, and feed on roots

and animal matters. The larva; are hatched in summer and pass the winter in

the earth. (rri/??<>tnlj>ii ndtjarix Latr.. mole cricket (fig. 462). In gardens and

fields ; very harmful. They lay two hundred to three hundred eggs, which they

place, enclosed in a mass of plastered earth, at the end of their subterranean

passages. (Iri/llus rtimjn:ttrin L., field-cricket (fig. 403). G. donu-aticus L.,

house-cricket. G. sylccxfrix. Fabr.

Sub-order 2. Orthoptera Pseudo-Neuroptera.

The wings thin and membranous, both pairs being similarly
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constructed. They usually cannot be folded together, and possess a

network of nervures more or less close.

Tribe 1. Physopoda. The body small, narrow and flat, with

tolerably similar wings, covered with delicate hairs. The mandibles

are setiform, and the mouth parts are suctorial.

Fam. Thripsido!, 'Ihrips pliysapus L., found in the flowers of cbickory.

Tribe 2. Corrodentia. Wings with few nervures, and sometimes

quite without transverse nervures. The head has strong mandibles

with toothed internal edges. The first maxillae with hooked masti-

catory portion, the point of which is furnished with two teeth, and

with membranous external lobe. The Corrodentia feed on dried

vegetable and animal substances.

Faaa. Psocidae, booklice. Trocte.t pnlsatoriu-s L., found in collections of

insects and between papers. Psocus domesticus Burm., Ps. striyosus Curt.

Fam. Termitidae,* white ants. The antennae have from eighteen to twenty

joints, with two ocelli

in front of the eyes and

strong mandibles. The

delicate wings, which are

of equal size, lie in rest

parallel to the body.
The Termites (fig. 464)

live together in commu-
nities, composed of in-

dividuals of different

kinds. The winged c,

forms are the sexual in- FIO . iai._a> Male of Termc* ludfugut (r6gne animal),

dividuals ;
the apterous

forms are partly the larvae and pupae of the sexual forms, and partly fully

developed (in species of Calotermes and Termes lucifugus) sexually aborted

males and females (neuters). The latter are divided again into soldiers,

which look after the protection of the community and are provided with large

quadrangular head and very strong mandibles, and workers with small

rounded heads and less projecting mandibles. These individuals under-

take the other work of the community. In species of Eutermes, every

trace of sexual organs may be wanting in the neuters. Some species live in

South Europe, but the greater number are found in the hot parts of Africa

and America, where they are notorious for their ravages and their nests. The

Termites make their dwellings either in the trunks of trees, often only beneath

the bark, or on the surface of the earth in the form of hills, in which they

excavate passages and cavities. The nests of species of Calotermes are the most

incomplete ; they only gnaw passages in wood, which mainly run in the

* H. Hagen,
"
Monographic der Termitcn." Lin. Entomol., Tom. X. and XIV.

Ch. Lespes,
" Eecherches sur 1'organisation etles mceurs du Termite lucifuge."

Atm. tit'.': ,sV'. Xat. IV. ser., Tom. V., 18o(>.

Fr. Miiller,
"
Beitriige zur Kenntniss der Termiten." Jen. nat. Zeitschr.

Tom. VII., 1873.
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direction of the axis of the tree. There is no special place for the queen. The

walls of the passages are usually coated with a thin layer of excrement. In

species of Eutermea, in which the soldiers have pointed heads, the passages are

so close to one another that the wood partition between them disappears, and

the wall of excrement alone separates them. Whea thj nests project outside

Fir,. 481. 6, Presn:mt female (queen) of Tcrmc* ludfugits. r, Pupa, if, Pupa of the second

form, f, Soldier, f, Worker. <>, Larva. (After Ch. Leslies).

the tree, they form the so-called spherical tree-nests. There are also nests

which arc attached to trees from outside, and arc built of earth or clay. Other

species of Eutermts make their nests in holes in the earth beneath the roots of

Palms. Some, as AnojilotermeK /inrifirux, build hills of earth, lu this species,

soldiers are absent : the males and females leave the community shortly after
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they have cast their pupal skin, probably copulate after they return from their

flight to the nest, and then lose their wings, retaining only the basal stump.
The males remain behind in the community, as according to the works of

Smeatlinian, Lespes, Bates, etc., a king is said to remain always in the com-

pany of the queen. After copulation the queen, which remains in the com-

munity, swells up to an enormous size on account of the enlargement of her

ovary, and begins to lay the eggs frequently in special places in the nest.

They are at once carried away by the workers. Termes lucifugus Ross., South

Europe. T.fatale L., in tropical Africa, builds hills from 10 to 12 feet high.

Calotermes flavicollis Fabr., South Europe.

Tribe 3 : Amphibiotica. The larvae live in water and possess

tracbeal gills.

Fam. Perlidae. Body elongated and flat, with laterally placed eyes, three

ocelli and setiform antennae. The wings are

unequal, and the posterior region of the broad

hind wings can be folded downwards. The

abdomen has ten segments and two long

segmented filaments. The wings are often

reduced in the males. The female carries the

eggs for a time in a depression of the ninth

abdominal segment, and finally deposits them
in water. The larvaj live beneath stones.

They usually have tracheal gills on the thorax,

and feed principally on the larvse of Epheme-
rid(B. JYeniura nebitlosa L., Pcrla bicaudata

L., P. (Pteronarcys) reticulata Burm., with

tufted gills. Found in Siberia.

Fam. Ephemeridae. May flies. Body slender,

and soft-skinned, with hemispherical eyes,

three ocelli and short setiform antennae. The

front wings are large, the posterior small and

rounded, sometimes fused with the anterior or

altogether absent. The mouth parts are rudi-

mentary. The males have very long front

legs. The abdomen has ten segments and

terminates with three long anal filaments, of

which the median one may be absent. The
FlQ -

animal);
p

afa (rt ue
Anal filaments.penultimate abdominal segment of the male

has two jointed copulatory forceps. Ihe May
flies live only a short time in the winged stage, taking no nourishment and

devoting themselves entirely to the business of reproduction. We often find

swarms of them in the air on warm summer evenings and the next morning
see their dead bodies lying in quantities on the ground. The larvae live at the

bottom of clear water and feed on other insects. They have a large head with

powerful mandibles and toothed maxillae. On the abdomen they bear six

to seven pairs of swinging plates, which function as tracheal gills, and at the

end of the abdomen they have three long feather-like caudal setae. The larvae

moult frequently (in Cliloeon more than twenty times) and, according to Swam-

merdam, require three years for the passage into the winged insect. After the

ecdysis of the pupal skin, which is provided with the rudiments of wings, the

36
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winged insect, which is now in the subimago stage, undergoes another ecdysis
and becomes an imago. Ephemera vulgata L. (tig. 405). Palinrjcnia longi-
tauda Oliv.

Fam. Libellulidae. Dragon flies. Large slenderly-built insects with freely

moveable, transversely cylindrical head, short six- to seven-jointed thin and

pointed antenna?, and four large net-like latticed wings. The mouth parts arc

powerfully developed, and are covered by the large upper lip. The maxillns

have fused horny lobe, and single-jointed sickle-shaped palp. The labium
has a simple or divided internal lobe and separate outer lobes fused with the

bi-jointed palp. The abdomen has ten joints, and on the last segment two
nnjointed anal styles opposed to one another, so as to form a sort of forceps.

They live near water, and feed on other insects. The two sexes are usually of

different colours, and their flight is rapid and prolonged. During copulation
the male clasps the prothorax of the female with his abdominal forceps, while
she bends her abdomen towards the base of his abdomen. Here is placed the

copulatory organ, which is remote from the genital opening, and is filled with

sperm prior to copulation. The larvie live in water and are prcdaccous. The
ower lip is modified to form a special predatory apparatus (the mask) (fig. 456).

Many of them breathe by means of tracheal gills, which are placed at the end
of the abdomen or in the rectum. Calopti'ry.c rirtjo L., Agriun pudla L.,

JEschna grand is L., Lilcllula vulgata,ftavcola L.

Order 3. Neuroptera.*

Insects ivith biting (sometimes also suctorial}
mouth parts, with free prothorax and mem-
branous wings, the nervures of which form
a net-work. The metamorphosis is complete.

Most Newroptera have an outward re-

TSS^Slf
""""^ semblance to the Libellulidce and Epheimrida,

while others resemble the Lepidoptera in their

scaly wings. The two pairs of wings are usually similar and mem
branous, and their size is almost equal. They are traversed by a
close network of nervures which, however, differs essentially from the
nervation of the Neuroptera-like Ortlioptera. The front wings never
have the form of wing-covers, but the hind-wings can sometimes be
folded together and sometimes not. They may be covered with
sciles and hairs (Phryganidce). The mouth parts present a greater

approximation to the Beetles, in that the labium only rarely shows

any trace of a median slit, the two pairs of lobes being fused to a

single plate. In one group (Phryganidce) we find suctorial mouth
parts. The mandibles in this case are aborted, and the labium and
maxillae fuse to form a tube. As a rule the antennre are many-

* E. Pictet,
"

Ilistoirc naturellc des Xouroptcros." Gcnf 1834.
r E. Brauer und Fr. Low, "Neuroptera Austriaca." Wien, 1857
Brauer. "

Bcitrage zur Kcnntniss dor Vcrwandlung dcr Neuroptercn. VcrJiand
dcr zool.-lot, Gesellschaft zu Wicn. Tom IV. und V.
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jointed, filiform or setiform, the eyes of medium si-,e, and the tarsuses

live-jointed. The prothorax is always freely moveable, and the abdo-

men is composed of eight or nine segments. The nervous system is

similar to that of the Orthoptera, and consists of clearly distinct

thoracic and abdominal ganglia. There is always a muscular gizzard

on the digestive canal (Mynneleontidce, Panoi^nda^. A sucking

stomach Is found only in the ffemerobidce. Six to eight long Mal-

pighian tubes arise from the hindgut. The metamorphosis is always

complete. The larvre prey on other animals, and are provided with

biting or sucking forceps (formed from the mandibles and maxillae).

They pass into a quiescent

pupal stage, in which the parts

of the winged insect can al-

ready be made out. The pupa
is often surrounded with a

cocoon, but possesses the power
of locomotion to a certain de-

gree, since before the animal

passes out of the pupal stage

it ceases to be quiescent and

seeks out a place suitable for a

development. Fossil remains

are found in tertiary forma-

tions and in amber.

Sub-order 1. Planipennia.

Front and hind wings similar,

never capable of being folded.

The mouth parts are powerful

and adapted for mastication. Fm 4C7._0> Larva of M,,nf,,pa ityriaca after

Fam. Sialids. With large head **?***
* Th

f
ame before the pupal stage

(after F. Brauer). c, Mantitpa pagana (regnc
bent obliquely forwards, and pro- animal),

jecting hemispherical facetted eyes.

The wings, when at rest, overlap one another like the slates on a roof.

The larvte have biting mouth-parts, with four-jointed maxillary palps and

three-jointed labial palps. Sialls Ivtaria L., Cortjdalis cornuta L., BtiphiilM

(i^kiojjuen Schum. camel-neck flies.

Fam. Panorpidae (Schnabelfliegen). The head is small and placed vertically ;

the multiarticulate antennae are placed in the frontal region beneath the ocelli.

The oral region is prolonged in the form of a beak. The wings are long and

narrow, and similar to each other. The larvae are like caterpillars. They have

thirteen segments and a heart-shaped head, and biting mouth-parts. They live

in damp earth, where they dig horseshoe-shaped passages, and are transformed

into pupas in oval cavities. Panor])a communis L. (fig. 46G). Jiittacus

pularius Fabr.
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Fam. Hemfirobidae (Florfliegen). Head vertical ; antennas filiform. The

two pairs of wings are transparent like glass and are nearly equal in size. The

larvae suck insects and spiders. Mantispapagana Fabr. Anterior legs predatory ;

prothorax much elongated (fig. 467, , b, r). The larvae, after eight months'

lasting, bore their way by means of their sucking forceps into the ovisacs of

spiders,- and suck out the eggs and the young. After the first moult, the legs

are reduced to short stumps, and the body becomes like a Hymenopteran

maggot. When about to enter the pupal stage, they spin a cocoon in the

ovisac, and strip off the larval skin in the middle of June. The pupa breaks

through the cocoon and moves freely about till it casts its skin and is trans-

formed into the winged insect. C'Jirysopa perla L. The eggs have long stalks.

The larva; have sickle-shaped suctorial forceps, feed on Aphides and spin

globular cocoons. Hemerobius lutescvns Fabr. The larvae feed on Aphides.

Osmylus maculatus Fabr., Nemoptera (Nematoptera Burm.) coa L., Asia Minor

and Turkey.
Fam. Myrmeleontidae (Ant-lions). With large vertically-placed head;

antennae knobbed at the ends ; prothorax short and narrow ; mesothorax

very large. Wings of equal size. The larvse with toothed sucking pincers

composed of mandibles and maxilla?, and short broad abdomen, live in light

a,

FIG. 468. a, Myrmtlfon formicariits (rejjne animal), b, Its larva.

sandy soil, in which they hollow out funnels. Before entering the pupal stage

they spin a globular envelope for themselves (fig. 468). Jlyrmeleonformicarius
L.. M. formicalynx Fabr., Palpares libclluloides L., South Europe. Ascalaphus
Italicus Fabr.

Sub-order 2. Trichoptera.* Wings covered with hairs or scales

the hind wings can as a rule be folded. The mouth parts with

aborted mandibles
;
the maxillse and the labium fuse to form a kind

of suctorial proboscis. In many cases (Oestropsidce Brauer) the

in.-ixillae and labium as well as the mandibles become aborted during
the pupal stage.

Fam. Phryganidae (spring-flies). The small vertically-placed head with

long setiform antennae and hemispherical projecting eyes. The wings are

covered with scales, and have but few transverse veins. They lie on the back

in a tectiform manner. The larvae live in water in tubular cases, which, in

* J. Pictet,
' : Roeherches pour servir d 1'histoiro et 1'anatomie des I'hryga-

nidcs," Gdneve, ls:U.

II. Hjigcn. "Synopsis of the British Phryganidae," Entnn>l. Annval for

1851), ISiio, 1861.
"
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Hydropsyche and Rhyacophila, sore fastened to stones. In the walls of these

cases there are sand grains, bits of plants and empty snail shells. The larvae

have biting mouth parts and filiform tracheal gills on the body segments. They

project their horny head and thoracic segments, with their three pairs of legs,

from these tubes and crawl about. The pupa leaves the case, which serves also

as a pupal skin, and develops into the winged insect out of the water. The per-

fect insect resembles the Lcpiduptcra in many respects, and lives near water on

leaves, and the stems of trees. The female lays her eggs in clumps enclosed in

a gelatinous case on stones and leaves near water. Phryganea strlata L.

(fig. 4(59). Hytstacidcs ^[uaArifasoiattis Fabr., Hy&ropsycTie varlabilig Fict.

Order 4. Strepsiptera.*

Insects with rudimentary anterior wings rolled up at the points and

large hind wings which can be folded longitudinally. The mouth parts

are rudimentary. In the female there are neither wings nor legs. The

larvce are parasitic in the body of Hymenoptera.

The mouth parts are reduced in the adult sexual animal, and

FIG. 469. a, riiryganea strlata. b, The larva freed from its case (resiie animr.l).

consist of two pointed mandibles which overlap one another, and

small maxillse, which are fused with the lower lip and are provided

with two-jointed palps. The prothorax and mesothorax are two very

short rings, but the metathorax is unusually elongated, and covers

the base of the abdomen, which consists of nine segments. The

males possess small rolled-up wing covers, and very large hind wings,

which can be folded longitudinally like a fan. The females have

no eyes, and remain through life without wings or legs like

maggots ; they never leave their pupal skin nor their parasitic

* W. Kirby, "Strepsiptera, a new order of Insects," Transact. Linn. See.,
Tom X.

v. Siebold, "Ueber Xenos sphecidarum und dessen Schmarotzcr," Ceitriige
zur Naturgcschichte der wirbellosen Thiere, 1839.

ruv. Siebold,
' Ueber Strepsiptera," Archiv fur Naturgesch., Tom IX., 1843.

Ctis, "British Entomology," London, 1849.
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habitat in the abdomen of wasps and humble bees (Bombyliidce) from

which they only protrude the anterior part of their body. In copu-

lation the males are said to open by means of their copulatory

organ the dorsal tube of the female, which is at first closed. The

ovaries have no oviduct, and continue as it seems at an earlier stage

of development, since they probably like those of the viviparous

Cecidomyia larvae produce eggs. The eggs fall freely into the body

cavity, are fertilized and develop (perhaps sometimes parthenogene-

tically) into larvae, which pass out through the above-mentioned

dorsal canal and become attached to larvae of bees and wasps (fig. 470).

In this larval state they are able to move about and possess, like the

young larvae of Cantheridce, three well-developed pairs of legs, and

two caudal seta? on the abdomen. They bore their way into the

body of their new host. About

eight days later they undergo
an ecdysis, and Change to

an apodal cylindrical maggot,
which becomes a pupa within

the Hymenopteran pupa, and

as such bores its way out with

its head from the abdomen of

the latter. The males leave

the pupal skin and seek the

females. They seem to live

only a short time.

Fam. Stylopidae. Xenox Rossu
Kirb. (A". refjuirum Eoss.) parasitic

in PoUstcs galUca .

Kirb.

a.Larva.

b, Female, c, Male.

Order 5. Rhynchota*= Hemiptera.

Insects with jointed rostrum, piercing (exceptionally biting') mouth

parts. With usually free prothorax and incomplete metamorphosis.

The mouth parts are almost without exception arranged for

taking up fluid nourishment, and are usually represented by a

rostrum, in which the mandibles and maxilla1

,
as four rigid styles,

are moved backwards and forwards. The rostrum, which is formed

*
P.urmcistcr,

" Handbuch der Entomolngie." II. Bel., Berlin 1835.

J. Ilahn, "Die wanzenartigen Insectcn." Niirnberg, 1831-1849. Continued

by H. Schiiffcr.

F. X. Fieber, "Die curopaischcnHcmiptcren nach der analytischen Methode."

Wicn, 1800.
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by the labium, is a three- or four-jointed almost closed tube, which is

narrowed towards the point, and is covered at the larger open base by
the elongated three-cornered upper lip. The antennae are either

short and three-jointed with a setiform terminal joint, or are

many-jointed and often elongated. The eyes are small and usually

facetted, but they are sometimes ocelli with a simple cornea.

Frequently two ocelli are found between the facetted eyes. The

prothorax is usually large and freely nioveable, but all the thoracic

segments may be fused together. Wings are sometimes quite absent j

usually four, rarely two, are present. In the first case the front

wings are horny at the base and membranous at the tip (Hemiptera),

or the front and hind wings are similarly formed and are membran-

ous (Ilomoptera}, though the anterior are often stiffer and coriaceous.

The legs are, as a rule, adapted for walking, but sometimes they
serve for clinging or swimming. In other cases the front legs are used

to capture prey, or the posterior for springing. The alimentary

canal is distinguished by the numerous salivary glands, and by the

complicated chylific ventricle, which is often divided into three

regions ;
behind the chylific ventricle usually four Malpighian tubes

open into the hindgut. The ventral cord is concentrated into three,

usually into two thoracic ganglia. With exception of the Cicada, the

female genital organs have only four to eight egg-tubes, a simple

receptaculum seminis and no bursa copulatrix. The testes are com-

posed of two or more tubes, the ducts of which are usually dilated

at the lower end. Many (bugs} emit an offensive smell, which pro-

ceeds from the secretion of a gland placed in the mesothorax or

metathorax, in the latter case opening between the hind limbs.

Others (Homoptera) secrete by means of numerous cutaneous glands

a white waxy film which covers the surface of their body. They all

live on vegetable or animal juices, to which they obtain access by
means of the piercing styles of their rostrum. Many of them, by
their appearance in great numbers on young plants, are harmful, and

sometimes cause gall-like outgrowths; others are parasitic on animals.

The young, when hatched, possess the form and habits of the sexually

mature animal. They have, however, no wings, which make their

appearance as small stumps after one of the first moults. The true

Cicada need several years to effect their metamorphosis. The male

Coccidce change inside a cocoon to quiescent pupa?, and undergo

accordingly a complete metamorphosis.
Sub-order 1. Aptera=Parasitica. Wingless Rhynchota, with short

fleshy rostrum and broad cutting styles. Sometimes they have
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rudimentary biting mouth parts, an indistinctly segmented thorax,

and an abdomen which usually consists of nine segments.

Fam. Pediculidse. Lice. With fleshy proboscis-sheath armed with recurved

hooks, protrusible suctorial tube, and two protrusible knife-like stylets. The

antennas have five joints. The feet, which are adapted for clinging, have

hooked terminal joints. The eyes are small and not facetted. The animals

live on the skin of Mammalia, and suck their blood, and lay their pear-shaped

eggs in the roots of the hair. The young, when hatched, do not undergo a

metamorphosis, and the louse which infects the human head, is fully developed
and capable of reproduction in eighteen days. Pediculug caj>itis Deg. Head-

louse of man. P. vestimenti Burm. (larger and of pale colour). Phthirius

pubis'L. (fig. 471).

Fam. Mallophaga (Anoplura) (Pelzfresser). Lice-like in form, with tbrce-

to five-jointed autennre, and biting mouth parts, no fleshy proboscis, but a sort

of suctorial tube. They live on the skin of Mammalia and Birds, and feed on

young hairs and feathers, but also on blood. Trichodectes cants Deg. Philopterus

Fio. 471. Phthirius pubit (after Landois) St, Stigma;

Tr, Trachea.

anseris Sulz. Menopon
Nitsch, M. pallidwn

Nitsch, on fowls.

Sub-order 2. Phy-

tophthires.
*

Rhyn-
chota with two pairs

of membranous wings.
The female is usually

apterous. The surface

of the skin is very
often covered with a

dense waxy deposit,

the product of cuta-

neous glands which

are placed in groups beneath warty prominences of the segments.

Fam. Coccidae (Schildlause). The large females have a shield-shaped body,

and are wingless. The males are much smaller, and have large front wings,

and sometimes also rudimentary hind wings. The fully-developed males

have no proboscis or piercing weapons, and do not take in nourishment,

while the unwieldy, often unsymmetrical females, which may even have lost

the segmentation, insert their long rostrum into the parenchyma of plants and

remain motionless. The eggs are deposited beneath the shield-shaped body

* C. Bonnet, "Traite d'Inscctologie," Tom. I.. Paris 174.".

J. F. Kyber," Erfahrungen und Bemerkungen Uber die Blattlause." Germar's

Magaz. der Entomol. Tom. I., 1815.

J. H. Kaltcnbach,
"
Monographic dcr Familie dcr Pftanzenlause." Aachen,

1843.

R. Leuckart,
" Die Fortpflanzung der Rindenlause." Archie fiir Naturgesch.,

1859.
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and develop, protected by the drying-up body of the mother. They are generally

fertilized (Coco us), but sometimes develop parthenogenetically (Leoanium,

Aspld'wtufT). Unlike the female (and forming a single exception to what

otherwise obtains in the order), the males undergo a complete metamorphosis ;

the apterous larvaa surround themselves with a cocoon, and are transformed into

quiescent pupae. Many Coccidee cause great damage in conservatories. Others

are useful in industry, in that they produce a colouring matter (cochineal),

while others are useful in causing, by their puncture, an outflow of vegetable

juices which when dried, are used by man (lac, manna). Axpidiotus ncrli.

Bouche, found on the Oleander, Lecanium hesperidum L., L. perxica: Bouche\

Kcrmcs ilicis L., on Qucrcus coccifera, also K, 1 (Coccus) lacca Kerr., on Ficus

religiosa in the East Indies. Coccus cacti L., (tig. 472) lives on Opuntia

coccinellifera, Mexico, gives cochineal. C. adonidum L., C. (?) mannijHirus

Ehbg.. on Tamarix (manna).
Fam. Aphidse,* plant-lice. As a rule, there are four transparent wings, with

a scanty venation. The wings may, however, be absent in the female, and

rarely in the male. The Aphides live on vegetable juices, and are found on

roots, leaves and buds of quite definite plants.

They frequently live in the spaces of gall-like

swellings or deformities of leaves, which are

produced by the punctures of the plant-lice.

Many of them possess, on the dorsal surface

of the antepenultimate segment, two "honey

tubes," from which is secreted a sweet fluid

the honeydew which is eagerly sought for

by ants. In addition to the usually apterous

females, which, as a rule, only appear in

autumn with the winged males and lay

fertilized eggs after copulation, there are

also viviparous, usually winged generations,

which appear principally in the spring and

in Slimmer, and which produce their living

brood without the assistance of males. Bon-

net observed nine generations of viviparous

aphides succeed one another. They are distin-

guished from the true oviparous females, not only by their form and colour, and.

in many cases, by the possession of wings, but also by essential peculiarities in

the generative apparatus and the eggs (pseudora, germs). The receptaculum
seminis is absent, and the eggs undergo their embryonic development in the very

long egg-tubes. Viviparous and oviparous aphides usually succeed one another

in regular alternation, since the females lay fertilized eggs in the autumn,

which survive the winter and in the spring give birth to viviparous aphides,

the descendants of which arc also viviparous, and produce viviparous forms

through a number of generations. It is only in the autumn that the males and

the oviparous females are born which copulate. Viviparous individuals of many
forms seem to pass the winter in ant-hills. Sexual forms (at time of birth

already mature, wingless and without proboscis) are sometimes found in the

spring ; they are in all probability produced by such viviparous forms which

have persisted through the winter. This has been shown to be the case for

a

FIG. 472. Coecui cacti, a, Female.

b, Male (after Burmeister).

*
Derbcs, "Notes sur les Aphides du pistachier turebinthe." Ann. dcs Sc.

Nat. 1872.
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a

Pcmp7iif]i(g tcrebinthi by Derbes. Here the sexual animals are succeeded by
apterous asexual animals, which produce the galls, and the descendants of which
are the winged asexual generations which are dispersed and pass through the

winter. The reproduction of Chermes and Phylloxera is different, in that in

place of^the viviparous generations there is a special oviparous sexual form, which
also produces eggs capable of developing parthenogenetically. The apterous
females of the fir-tree lice pass the winter at the base of the young buds,
increase in size in spring in the same place, undergo several moults, and lay a

number of eggs. The young, when hatched, pierce the swollen pointed leaves

of the young shoots and produce galls. They develop later into winged females.

In Phylloxera yuei'ciis, besides the two generations, there is another genera-

tion, which appears in autumn and consists of very small movable males and
females (without suctorial proboscis or alimentary canal). These animals arise

from two kinds of eggs which are laid on the roots. The female, after copula-

tion, lays only a single egg. It is the same with the famous vine-lice (PA.
the larvoj of which pass the winter on the roots of the vine

(fig. -473). The principal enemies

of the Aphides are the larva? of

the IcJtneumonidee

Syrjrftidce, >

rob idee.

a. Leaf-lice, s. st. Sell Izoneura

lanigera Hartg., on apple trees.

Lachnus pint L., L. juglandis

L., L.fagi L., Aj) It is brassicce

L., A. rostD L.

b. Bark-lice. Chrrmes abict/s

L., Cli. laricis Hartg., Ph>jl-

loxeraquercusv. Heyd., on oak

leaves. Ph. Tastatrix, vine-

lice, with winged and apterous

generations.

Fam, Psyllidae (Pgyllodes},

leaf-fleas. Antennre long, with

ten joints. In the fully-developed

stage always winged. The hind

legs serve for springing. Their puncture often occasions deformities of flowers

and leaves. Ptylla alnl L., Livia ju-ncorum Latr.

Sub-order 3. Homoptera-Cicadaria. Both pairs of wings are, as

a rule, membranous. Sometimes the front pair is coriaceous, not

transparent and coloured. They lie, when at rest, obliquely on the

body. The head is relatively large, and often prolonged into pro-
cesses. The rostrum always arises low down, and apparently between

the front legs ;
it has three joints. In many species the hind legs

are springing legs, with which the animal jumps before flight. The
females have an ovipositor, and often lay the eggs beneath the bark

and in the twigs of plants. The larvae of larger species may live

several years (fig. 474).

FIB. -173. Phylloxera rasfatrijc. a, Wingless root-louse

seen from the back, b, from the ventral surface,

c. Winded form.
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Fam. Cicadellidae (Klcinzirpcn). Jassus biguttatus Fabr., Lcdra aiirita

L., Ti-ttigoma 'Ktttatu L. Ajj/trojrfiora. The prothorax is trapezoidal (seven-

cornered). The larva? eject a bubbly foam out of the anus (cuckoo-spittle),

aud envelop themselves in it. The wing covers are coriaceous. Posterior

tibia; have three strong spines. A. siwmar'ui L.

Fam. Membracidae (Buckelzirpen). Centrutus cornvtvs L., Mambracis
latcralis Fabr.

Fam. Fulgoridse (Leuchtzirpen). In many species the abdomen is thickly
covered with long strings and flakes of wax, which in one species (Plata

Umliata) is so richly secreted that it is collected and sold as Chinese wax.

Fulgora laternaria L., the lantern carrier of Surinam, is erroneously said by
Merian to emit light from its lantern-shaped frontal process. F. candclarin

L., Chinese lantern-carrier. Lystra lanata L., and other American species.

Plata limbata Fabr., Cliina.

Fam. Cicadidse = Stridulantia (Singcicaden). The thick abdomen of the

male is provided with a voice organ, which produces loud, shrill, chirping
sounds (fig. 474). They are very shy, and remain concealed between leaves in

the day time. They
feed on the juices

of young shoots, and
their puncture causes

a flow of sweet plant

juices, which harden

and become manna

(Cicada orni L.,

Sicily). The females

have a saw-like ovi-

positor placed be-

tween two jointed

valves. The larvas,

when hatched, crawl

on the earth, into

which they burrow

with their shovel-like

front legs, and suck

the juice of roots.

Cicada orni L., South Europe. C. scptemdvcim Fabr., Brazil. C. licemaiodes L.,

South Germany.

Sub-order 4. Hemiptera (Bugs). The wings of the front pair are half

horny and half membranous (hemielytra), and lie horizontally on the

body. Many species are apterous, as are the females of some species

of which the males have wings. The first thoracic segment is large?

and freely moveable. The proboscis arises from the frontal region,

and when at rest usually lies folded beneath the thorax. Some

species of the Reduvidce produce a shrill sound, as Pirates stridulus,

by the movement of the neck on the prothorax.

Tribe 1. Hydrocores = Hydrocorisse (Water-bugs). The antennae

are shorter than the head, having only three or four joints, and are

FlO. 471. Cicada arm

c, Male,

(after Packard), a. Larva. 6, Pupa.
Ty, Stridulatiiig apparatus.
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more or less hidden from view. The rostrum is short. They
feed on animal juices.

Fam. Notonectidae (Rlickenschwimmer). Corixa striata L., Notoiiccta glauca

L., water-bu.L'.

Fam. Nepidae, water-scorpions (fig. 475). Naucoris cimicoidcs L., Xcpa
clncrca L., water-scorpion. Ilanatra linear is L.

Tribe 2. Geocores (Land-bugs). Antennae directed forwards, and

of medium length, having four or five joints. The rostrum is usually

long.

Fam. Hydrometridas (Plotcrcs) (Wasserlaufer). Ifydromctra lacustris L.,

Limnobatfx stagnoritm L., Velio, riculonim Latr.

Fam. Reduvidae (Pcdnvini) (Schreitwanzen). Meduvius pcrsonatus L.,

Pirates stridiilvs Fabr., South Europe.

Fam. Acanthiadae (Membranacei), skin-bugs. Acanthia, lectularia L., bed-

bug. Aradus deprcssus Fabr. (corticalis L.).

Fam. Capsidae (Blindwanzen), Cap&us trifasciatus L.,

Mi ris erratic-its L.

Fam. Lygaeidae (Lygaodes) (Langwanzen). Lygaus
equestris L., Pi/rrhocoris apterus L. (Feuerwanze).

Fam. Coreidas (Corcndcs) (Randwanzeu). Coreus

marginatus L., Alydiis calcaratus L.

Fam. Pentatomidae (Schildvvanzen). Pentatomajuni-

pera L., P. rujipes L., P. oleracea.

Order 6. Diptera
*
(Antliata).

Insects with piercing and sucking mouth parts,

with membranousfront wings. The hind wings
reduced to small knobs (halteres}. The metamor-

phosis is complete.

The designation of this order, which is de-

rived from the apparent number of the wings,

does not correspond accurately to the actual

Two pairs of wings are present, the front pair

always as large glassy and transparent plates, the hind pair in a

rudimentary condition as stalked knobs (halteres). On the inner

margin of the front wings two lobes are marked off by indentations
;

an ou'.er lobe (alula), and an inner one (squama) which may cover

* J. W. Mcicfen,
"
Systematische Beschrcibung der bckanntcn europiiischen,

/weifiiigeligen Insecten," 7 Theile. Aachen, 1818-1838.

Wiedemann,
"
Aussereuropiiische zweiflugelige Insecten," 2 Theile. Hamm.

1828-1830.
N. Wagner,

" Ueber die viviparcn Gallmiickenlarven," Ze'itschr. fiir. wiss.

Zool., Tom. XV., 1865.

A. Weissrnann,
" Die Entwickelung der Diptcren," Lcipsig. 1SG4.

A. Weissmann. " Die Metamorphose der Corcthra plumicornis," 1806.

Pro. 475. JWpo cinrrnt

(r^gne animal).

state of matters.
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the hind wings. The latter are composed of a spherical head at the

end of a thin stalk. Leydig described at the base of the halteres a

ganglion with nervous rods, which he concluded was an auditory

apparatus. The head is freely nioveable, and usually spherical in

form. It is articulated to a short and narrow neck, and is dis-

tinguished by the large facetted eyes, which in the male sex

may meet in the median line of the face and frontal region.

There are as a rule three ocelli. The antenna? are constructed on

two different types ; they may either be very short and composed
of three joints, frequently bearing a tactile hair at the extremity

(arista], or they may be filiform and of considerable length and

composed of a great number of joints. But since in the first case

the terminal joint is again divided into a number of smaller joints,

and the tactile hair may be also jointed, it is impossible to draw a

sharp distinction between the two types. The mouth parts form the

kind of suctorial tube known as a proboscis (haustellum), in which

the jaws (mandibles and maxillpe) and an unpaired rod (epipharynx)
attached to the upper lip may appear as horny, setiform or knife-

shaped piercing organs. When the maxillie only are present as

paired rods, the unpaired piercing stylet seems to correspond to the

fused mandibles. The proboscis, which is principally formed by the

labium, ends with a swollen spongy tongue, and is without labial

palps, while the maxillfe are provided with palps, which, in cases of

fusion with the labium, are situated on the proboscis. The abdomen

is frequently stalked, and consists of five to nine segments. The legs

have five-jointed tarsuses, which end with claws and usually with

sole-like lobes for attachment.

The nervous system presents very different degrees of concentra-

tion according to the length of the body. While in flies of very

stout build, the ganglia of the abdomen and thorax fuse together to

form a common thoracic ganglion ; in the Diptera with longer

bodies, not only are the three thoracic ganglia distinct, but several,

even five or six, separate abdominal ganglia are present. With

regard to the alimentary canal, the presence of a stalked suctorial

stomach as an appendage of the resophagus and the number four

of the Malpighian tubes may be mentioned. The two tracheal

trunks are dilated to two great vesicular sacs at the base of the

alidomen. This is correlated with the power of active flight possessed

by these insects.

The male genital organs consist of two oval testes with short vasa

deferentia, to which are added firm copulatory appendages. The
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ovaries are not connected with any special bursa copulatrix, but

have three receptacula seminis in connection Avith the vagina

(fig. 449), and often end with a retractile ovipositor.

There is rarely a striking difference between the two sexes. The

males have as a rule larger eyes, which in some cases meet each other

in the middle line
;

their abdomen also is frequently differently

shaped to that of the female, and in exceptional cases the colouring

is different (B'tbio).
The mouth-parts, too, may differ ; for example,

the male gad-flies (Tdbanidce) are without the knife-shaped mandi-

bles, which form the principal part of the female armature. The

males of the Culicidce also are without the piercing weapons, and

have multiarticulate hairy antenna?, while the antenna? of the female

are filiform, and are composed of fewer joints.

The metamorphosis is complete, and

the larvae, which are usually apodal,

have either a clearly separate head

with antenna? and ocelli (most Nemo-

cera), or a short, usually retracted,

cephalic region, without antenna? or

eyes (at most with an X-shaped pig-

ment spot), with quite rudimentary
mouth parts, sometimes with two oral

"~T\^f-rlt~*fr~''
hooks, serving for attachment.

^*3yjfc2^ In the first case the larva? have

SrailfiBi masticating mouth-parts and feed on

other animals
;
in the latter case they

are known as maggots and suck up
5fH> fluids or semi-liquid substances. After

pobosca equina (after Packard).
several moults the larvas either change

within the hardened larval skin to pupae (P. coarctata), or casting

the larval skin are transformed into moving pupa? (P. obtecta), which

often swim freely in water, and may be provided with tracheal gills.

The differences Avhich the development of the Avinged insect from

the larval organism presents in the two groups have been already

mentioned (p. 550).

Many Diptera Avhen flying give rise to buzzing sounds. This is

caused by the vibrations of various parts of the body ; partly of

the Avings and partly of the segments of the abdomen, Avitli

participation of the voice apparatus on the four stigmata of the

thorax. Here, beneath the margins of the stigmata, the tracheal

trunk forms a vesicle Avith tAvo delicately folded leaflets, which

FIG.
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are set in vibration beneath two external valves by the expiration

of air.

Sub-order 1. Pupipara* (fig. 476). Lice flies. The body is

stout ; the three thoracic segments are fused together, the abdomen

is broad and often flattened. The antennse are short, and often

consist' of but two joints. The suctorial proboscis is formed by the

upper lip (labrum) and the maxilla?. The legs are provided with

toothed clasping claws, and the wings may be rudimentary or

absent. The development of the embryo and of the larva takes

place in the uterus-like vagina. The maggot which issues from the

egg (without pharyngeal framework or buccal hooks) swallows the

secretion of large glandular appendages of the uterus (fig. 451) ;
it

undergoes several moults, and is completely developed when it is

born, which occurs just before it enters the pupal stage. They are

parasitic, like lice, on the skin

of warm-blooded animals, rarely

of insects.

Braula cccca, Nitzsch., Bee louse.

Nyctei"ibia Latreillei Curt., without

eyes and is parasitic on species of

Vespertilio. Jfclojrfiagim orintis L.,

Sheeptick. Anapera pallida Meig..

parasitic on Swallows. Hippobosca

L., horse-louse.

Sub-order 2. Brachycera

(Flies). Body of very various a

shape, frequently thick and FIG. m.Gafirophiius eqai (after i'.

.
, T , i a, Larva, b, Male.

stout, with an abdomen com-

posed of from five to eight segments. Antennas short, and usually

composed of three joints with large, usually secondarily ringed

terminal joint, to which is attached a simple or ringed bristle.

Wings are almost always present. The larvae live in decaying

matter in earth and water, partly also as parasites ; they are, in

great part, maggots with hooked jaws, and pass into the pupal

stage within the moulted cask-shaped larval skin (fig. 477). Many
of them have the form of a pupa obtecta.

Tribe 1 . Muscaria. With frontal vesicle
; proboscis usually with

fleshy terminal lobe ; maxillse as a rule aborted ; larvae without jaw

* L. Dufour. " Etudes anatomiqucs et physiologiques sur les Insectes Diptores
de la famille des Pupiparcs." Ann. (Jen Sc. 2\

T

at., II. ser.. Tom. III., 1843.

R. Leuckart,
' Die Fortpflanzung und Entwickelung der Pupiparcru

1 ' A bhantt.

dcr naturf. Gcsdhchaft zu Halle, Tom. IV.
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capsule and as a rule with two or four oral hooks. The pupre are

always barrel-shaped.

Fam. Phoridae. Plnn-a incraxxata Meig. Live as larvas in Bee hives.

Fain. Acalyptera. Trypcta Cardul L., Tr. siynata Meig., in cherries.

Cfihmijis lini'dta Fabr. (Weizcnfliege), Larvae in blades of grass. Scatopkaya
xti-rcararia L., dung-flies, on dung heaps. Pwplilla casi-i L., cheese-flies.

Fam. Muscidae. Mtisca doincxtica L., house-fly. M. Cantar L. (Goldfliege).

JL vomitorla L., the abdomen is of a shining blue colour. M. cadavcrina L..

(Aasfliege). Sarcophaga carnarla L. (Fleischfliege), viviparous. TacJtina

jn/jitiruiii Fabr., T. {Chrysosoma) virid-isFa.ll., T. grossa L., T. larvanimlj. The

larvas are parasitic, principally in caterpillars.

Fam. Conopidse. Conojrs ffarijrcs L., the larvae live in the abdomen of

Hymenoptera. C. rufpex Fabr. (in (Edijwda-').

Fam. Stomoxyidae. Stomoxys calcitrans L. (Stechfliege), resembles the

house-fly.

Fam. (Estridae* (Biesfliegen). The proboscis is aborted. The females have

an ovipositor and lay their eggs or their living larvae (in which case the

ovipositor is absent) on certain places on Mammalia, e.g., in the nostrils of

Stags, or on the breast of the Horse. The larvae with dentated body rings,

and frequently with oral hooks, live in the frontal sinuses, beneath the skin,

and even in the stomach of certain Mammalia. Under the skin they produce
boils. Ihjpotli'niia boris L. Zf. Actceon Br., on the Stag. //. tarandi L.

Dermatobia liominis Goudot, on Ruminants, Felt dee (Jaguar) and Men in

South America. (Estrus auribarbis AVied. The larvae are brought by the flies

into the nasal cavities of the Stag. Gastrux (GfagtrojjJiihts) cqui Fabr. (fig.

477). The egg is deposited on the breast of the Horse, and licked off by the

latter. The larva, when hatched, attaches itself to the walls of the stomach by
its oral hooks, undergoes several moults, and is passed with the excrements

before the pupal stage.

Fam. Syrphidae (Schwebfliegen). SyrpJivs piratfri L., Erixtalix ten-ax L.,

E. tencvs Fabr. Larvae with respiratory tube, in sewers and stagnant water.

Fam. Platypezidae (Pilzfliegen). PI. boh-tina Fall.

Tribe 2. Tanystomata. The proboscis is usually long and has

styliform predatory jaws. Larva? with jaw sheath and hooked jaws.

Fam. Dolichopodidae. Dolichopuspennatus Meig. D. nobilitatws L.

Fam. Empidae (Tanzfliegen). Ewjtis texxdata Fabr.

Fam. Asilidae (Raubfliegen). Axilux
<j rrmaniciis L., A. crabronifarmix L..

Laplvria, giVbosa Fabr. L.flara Fabr.

Fam. Bombyliidae (Hummclfiicgen). Anthrax tnorio Fabr. (sinuatva Fall.).

The larvae live in the nests of Mcytichile iin/raria, and Oxinia tricurnix.

Boinbylius major L., B. tnedius L.

Fam. Henopiidae. ffem>j>s yiblmxnx L. (Mundhorniliege). Laaia Jfavitai'xi.t

Wied.

Fam. Therevidae [Xylotoma), (Stilcttfliegcn). Tln-ri-ra annvlata Fabr.

Th.plebeya L., Scenopinusfenestralis L.

Fam. Tabanidae (Gadflies). 1'roboscis short, horizontally projecting, and

provided with six or four (male) stylets and two-jointed palp. In the male

* F. T'.rauer,
(:

Monognphi" dor (Ksiridcn." Wicn. ISC:?.
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the knife-shaped mandibles are wanting. Their puncture is severe, and they
suck blood. Ckrysops ccecuticns L., Talanus bovi/ius L. (Uinderbrernse).

Heematopota pluvialis L. (Regenbremse).
Fam. Leptidae (Schnepfcnfliegen). Lcptis scolopacea L., L. vermilco L.,

South Europe. The larva digs holes in the sand, and there, like the Ant-lion,

captures insects.

Fam. Xylophagidse (Holzfliegen). Xylopliagus maculatus Fabr. The larvte

live in beech wood. Boris clavijws L.

Fam. Stratiomyidae (Waffenfliegen). Stratiomys chomodcon L., St. Odon-

hydroleon L., Sargus cuprarhis L.

I

Sub-order 3. Nemocera (Tipulariae). Longhorns (fig. 478).

Diptera of elongated form, with many-jointed, usually filiform,

antennje, which in the males are sometimes tufted. They have long
slender legs, and large,

naked or hairy wings.

The palps are usually

of considerable length,

and with four or five

joints. The proboscis

is short and fleshy,

and often armed with

piercing seise. The

halteres are free. The

larvae have usually a

perfectly differentiated

head (Eucepkala),more

rarely a retractile jaw

capsule (Tipulidce, Ceci-

domyia] ; they live in

water, in earth, and

in vegetable matter

(galls and fungi), and some of them have a respiratory tube.

After moulting the larval skin the eucephalous larvae become quies-

cent or freely moveable pupse ;
the latter are provided with tracheal

gills on the neck and tail. The insect when hatched swims, till the

wings are hard, on the burst pupal skin as on a boat. The females

of many species suck blood (gnats), and become a veritable pest in

certain districts where they appear in swarms.

Fam. Bibionidae (Mitsciformes). Body fly-like ;
antennas six- to eleven-

jointed. The abdomen has seven segments. Biblo ward L., B. Jiortulanvx L-

The males are black, the females brick red with a black head. Simlia rcptain<

L., S. columlacxclicnsis Fabr. (Kolumbaczer Mlicke). Suck blood. In Hun-

gary they attack the herds of cattle in swarms.

37

FIG. 478. Cecidomyia fritici (after Wagner), a. Female
with protruded ovipositor, b. Larva, c, Pupa.
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Fain. Fungicolse (Tilzmucken). The larva?, which are without rudimentary
feet on the second segment, live in fungi. Sclara Tnina L. The larvre before

entering the pupal stage come together in great numbers, and wander about in

long sinuous chains. Mycetopliila- fusca Mcig., (Pilzmiicke), Ri-wplula macu-

lata Fair. (Schattenmiicke).

Fam. Noctuiformes (owl-like gnats). Psyclioda plialcenoideg "L., Ptyclunptera
contaminata L. (Faltenmiicke).

Fam. Culiciformes. The larva} live in water, in rotten wood, or in earth.

Chirononuis jilunuiiitix L., Cori'tlira 2)luniicormx, Fabr. The larvae have four

tracheal vesicles and a circle of seta? on the anal segment ; live in water.

Fam. Culicidae (gnats). The larvas live in water and have respiratory tube

and appendages at the posterior end of the body. Culexpipiens L. (Singmiicke).

The palp of the male is tufted and longer than the proboscis. The females

sting.

Fam. Gallicolse (gall-flies). The larvae live in galls. Cecidomyia destructor

FIG. 479. a, Pulex avium $ (after Taschenberg) . .4Antenna ; ifY. Maxillary palp, i, Larva
of Pulex irritan*.

Say, Hessian fly. Notorious in the United States as a destroyer of crops since

the year 1778. Imported (?) into the country in straw by the Hessian troops.

C. triticl Kirb., in wheat. C. secallna Loew. C. salicix Schrk. etc. The vivi-

parous larvae belong to the genus Miastor.

Fam. Limnobiidse (Schnaken). The larva; arc found in earth or rotten

wood. Tipula olcraccn L., (Kohlschnakcn,. Ctowpliora atrata L. (Kamm-
iniicke).

Sub-order 4. Aphaniptera (Fleas). Diptera, with laterally com-

pressed body and distinctly separated thoracic rings. Wings are

absent, but there are two lateral plate-like appendages on the meso-

and meta-thorax. The antennse are very short and arise in a

depression behind the simple ocelli. The mandibles have the form

of toothed saw-like stylets, the maxilla; are broad plates with four-

jointed palps. The under lip (labiuui) is three-jointed and forms
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the proboscis sheath. The larvre have a distinct head and jaw,
(fig. 479).

Fam. Pulicidse. Piili'.r irritant L., flea of man. The dorsal surface of
the male is concave and serves for the reception of the larger female. The large
apodal larvae have a distinctly separated head, and live in sawdust and
between boards, where the elongated oval eggs are deposited. SarcopsylU
penetrans L., sand-flea (Chigoe), lives free in South America in the sand
(rig. 480). The female however bores into the skin of the human foot and of
various Mammalia, and there deposits the eggs. The escaping larvae give rise
to ulcers.

Order 7. Lepidoptera* (Butterflies and Moths).

Insects with suctorial mouth parts, winch form a spirally rolled

jiroloscis, with four similar wings which are completely covered with

scales, with fused prothorax and complete, metamorphosis.

The head is moveably articulated and thickly covered with hairs.

It bears semi-

circular facetted

eyes and some-

times two ocelli.

The antennaj are

always straight

andm.ny-
jointed, bu-t vary
much ill form, FIG. -iSO.n, Gravid female of Sarcopsylla. penrtrani. b, Foot of a
i ^ <., , field mouse with Rhyuchoprion attached (after H. Karstec).

form or filiform, or even club-shaped, and not rarely denticulate or

pectinate. The mouth parts are modified for sucking up fluid

nourishment, especially the nectar of flowers, but are occasionally

very short and hardly capable of being used. The upper lip and

mandibles are reduced to rudiments, but the maxillae are elongated

and closely jointed, and their inner sides are grooved, so that when

applied together they form a tube the spirally rolled proboscis

(fig. 481). The proboscis is furnished with small spines used for

tearing the nectaries of flowers
;
while the nectar ascends through

it into the mouth, being sucked up by pumping movements of the

* E. J. C. Espcr,
" Die europiiischen Schmetterlinge in Abbildungen nach

der Natur, mit Beschreibungen." 7 Bde. Erlangen, 1777 1805.

F. Ochsenheimer und F. Treitschke,
" Die Schmcttcrlingc von Europa." 10

Bde. Leipzig, 1807-1835.
W. Herrich-Schaffer,

"
kSystematische Beschreibung der Schmctterlinge von

Europa." 5 Bde. Regensburg, 1843-1855.
W. Herrich-Schaffer,

"
Lepidopterorum exoticorum species novae aut minus

cognitic. Regensburg. 1850-18(55.
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(esophagus. The maxillary palps are as a rule rudimentary (except

in the Tineidce). When at rest the proboscis lies rolled up beneath

the mouth, and on either side of it are placed the large three-jointed

labial palps, which are often tufted with hairs and are situated on

the rudimentary triangular lower lip.

The three thoracic rings are intimately fused with one another, and

like almost all external parts of the body are thickly covered with

hairs. The wings are in most cases very large, but in rare cases

are quite rudimentary (female Geometridce) ;
the anterior are the

largest, and are distinguished by their partial or complete covering of

scale-like hairs which overlap one another in a tectiform manner,

and cause the extremely various colouring, tracing, and iridescence of

the wings. These scales consist of small, usually finely ribbed and

toothed plates, which

are attached by styli-

form roots in pores of

the integument of the

wings, and are com-

parable to flattened

out hairs. They arise

during the pupal

period. The arrange-

ment of the nervures

is of systematic value.

The essential arrange-

ment is a large median

cell near the root of

the wing, from which

six to eight radial

nervures pass to the

external lateral edges, while above and below the middle cell single

independent nervures run parallel to the upper or lower fringed

margin. The two pairs of wings are frequently connected with

one another by retinacula, the upper edge of the hind wings being

covered by spines or setre. which catch in a band of the anterior

wings. The legs are delicate and weak, their tibiae are armed with

spurs of considerable size. The tarsuses are in general five-jointed.

The abdomen has six or seven segments and is thickly covered with

hairs, and ends not unfrequently witli a strongly projecting tuft of

hairs.

Nervous system. The brain is bi-lobed, and is provided with large

a

FIG. 431. Mouth-parts of butterflies, (after Savigny) ; u,

of Zii/jrena ; I, of Noi-tua. A, Antennae ;
Oc eyes; ATJ,

mandibles ;
Mxt maxillary palp ; MX, maxilla

; Lt, labial

palp ; Lr, labrum.



LEPIDOPTERA. 581

optic lobes, and special swellings for the origin of the antennal

nerves. The ventral ganglionic chain is reduced, leaving the subceso-

phageal ganglion out of consideration, to two thoracic ganglia (of which

the larger second ganglion shows traces of constrictions and arises

from the fusion of four ganglia) and four or five ganglia in the

abdomen. In the larval condition, on the other hand, there are

eleven pairs of ventral ganglia.

The alimentary canal possesses a long oesophagus, which is

connected with a stalked suctorial stomach, and usually six much
coiled Malpighian tubes, of which the three on either side open by a

common duct
(figs. 47 and 48).

Generative organs. The ovaries consist on either side of four

very long many-chambered egg-tubes, which contain a great quantity
of eggs, and have, in consequence, a moniliform appearance. The

duct apparatus always possesses a long-stalked receptaculum seminis

with glandular appendages, and a large

bursa copulatrix which opens indepen-

dently beneath the genital opening. The

two long testicular canals are packed to-

gether so as to form an unpaired, usually

brightly coloured body, from which pass

off the two vasa deferentia, which are

much convoluted and receive the con-

tents of two accessory glandular tubes

before uniting to form a ductus ejacu- Fm.482. a, Female of Psyche helix.

latorius. The two sexes are often so 6
-
Male - ', Case of the male ; d,

of the ferhale caterpillar.

different in size, colour, and the struc-

ture of the wings, that there is a sexual dimorphism. The

males are often more brightly and beautifully coloured (a means

of exciting the females). The dimorphism, or even polymorphism

(seasonal dimorphism), found in the female sex of many butterflies,

is worthy of remark. Parthenogenesis occurs exceptionally in silk-

worms (Eomljyx mori), in many Psychidce, and some moths (Soleno-

bia), the larva-like females of which have no wings (fig. 482).

Development. The larvae when hatched (caterpillars) possess

masticating mouth parts and feed principally on plants, leaves and

wood. On the head, which is large and covered with hard skin,

there are a pair of three-jointed antennae and six ocelli, each of

which is divided into three parts. In all cases there are abdominal

feet behind the three pairs of conical five-jointed thoracic legs.

There may be only two pairs of such legs, as in the caterpillars of the
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Geometrician, or five pairs, which then belong to the third to the sixth

and the last abdominal segments. The caterpillars establish them-

selves before passing into the pupal stage in some protected place, or

they spin cocoons and become transformed into pupcv obtectoe*, from,

which the winged insects issue either in a few weeks or in the

following year. The winged insects, as a rule, live only for a short

time, and die after copulating and laying their eggs. Some of them,

however, pass the winter in sheltered localities (Ehopcdocera). Some

very widely distributed species of caterpillars cause great damage
to forests and cultivated plants, a damage which is, however, limited

by the persecution which they suffer from certain Ichneumonidce and

Tachinaria. Fossil remains of butterflies have been found in tertiary

formations and in amber. Linnreus' classification of the Lepidoptzra

into diurnal, twilight, and nocturnal butterflies has been superseded

by the establishment of several groups and a number of families.

Tribe 1. Microlepidoptera. Very small and delicately formed

Lepidoptera, usually with long setiform antennre. The caterpillars

have as a rule sixteen legs, of which the abdominal feet are provided
with a circle of hooks round the sole. Many of them bore passages

in the parenchyma of leaves, others live in leaves folded together,

and others in buds. Some few are found in water, e.g., Nympliula
and other Pyralidcc. The greater number remain hidden during
the day.

Fam. Pterophoridae (Federgeistchen). Plume-moths. Ptcrvphorus penta-

dactylus L., Pt. ptcrodactylus L., Aluclta hcxadactyla L.

Fam. Tineidae Ypoiumeuta evonyniclla L., spindle-tree moth. The cater-

pillars live together in cocoons
;
several species live on fruit trees. Sole-null in

j)ineti
= Uchenella L., S. triquetrella > 'Fisch., K., the female is apterous. The

caterpillars (sac-bearers) live in short sacs. Some of them reproduce partheno-

genetically. Tinea r/ranella L., (Kornmotte). Lays its eggs in grain. The

caterpillars (known as grain \vorms) eat the grain. T.pdlwndla L., (Pelzmotte)
T. tajiczclla L. (Tapetcnmotte). Clothes-moth.

Fam. Tortricidae (Wickler). Tortrix viridana L., in he oak. Grajrftolitha

funebrana Tr., in plums, fir. (Curjwcajjxa') jiomonclla L., in apples.
Fam. Pyralidae (Ziinslcr). Cramlits 2MSC1tl'H"x ^

> ^"fy* wV/Vw//.v L..

Galleria wcUitnuiln L.. in bee-hives. l'i/rtills pinguiaalis L. (Fettschabe).

Tabby-moth. Scojntlti fruiiicntaHx L. (Saatmotte).

Tribe 2. Geometrina. Loopers. For the most part of slender build

;md with large wings, which in repose are tectiform. The antenna'

are setiform and the basal joint is thickened. The caterpillars have

ten to twelve feet
; they move in a looping manner. When at rest

*
Compare M. Hcrokl,

"
Entwickelungpgcschichtc der Schmetterlinge."

Casscl und Marburcr. 1815.
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they cling with the posterior feet. Many speciies are hurtful to fruit

trees.

Fam. Phytometridse. Larentia populata L., Cheimatolia Iniimata L., winter

moths. The females, which have rudimentary wings, lay their eggs on the

trunks of fruit trees in late autumn.

Fam. Dendrometridae. Acidalia ocltrcata Scop., Geomctra papilionaria L.,

Abraxas {Zerene) grossulariata L.,Harlequin, Megpie Moth.

Tribe 3. Noctuina (Eulen). Nocturnal Lepidoptera with broad

body which is narrower behind, and dull coloured wings. The

antenruB are long and setiform, in the male sometimes pectinate.

The wings when at rest are tectiform. The legs are long and'have

strong spurs on the tibiae The caterpillars, which are sometimes

naked, sometimes covered with hairs, have usually sixteen, more

rarely, in consequence of the reduction or absence of the anterior

legs, fourteen or twelve legs. The greater number pass the pupal

stage in the earth.

Fam. Opliiusidae (Ordensbiindcr). Catoealaparanymplia L. (gelbes Ordcns-

band). C. fraxini L. (blaues Ordensband). C. nupta L., C upoiisa L., C.

2)rom-lfssa Esp. (rothe Ordensbander).

Fam. Plusiadse (Goldeulen). Plusia gamma L., PL cltrysUis L.

Fain. Agrotidse. Agrotis segetiwn t. A, trltici L., Tripliaina yromiba L.

Fam. Orthosiadae. Ortliosiajota'L.

Fam. Cuculliadas. Cuetillia vurbasci L., C. aluojntJtil L.

Fam. Acronyctidae. Acronycta psi L.. A. rumicis L., Diloba ccerulcoeepliala,

L. The caterpillar is harmful to fruit trees.

Tribe 4. Bombycina (Spinner). Nocturnal Lepidoptera of clumsy

build, with body thickly covered with hairs so as often to have

a woolly appearance. The antennte are setiform, and in the male

pectinate. The wings are tolerably broad and tectiform when at rest.

The larger and clumsier females fly but little
;
but the males, which

are often brightly coloured, move with greater rapidity. In some

cases the wings are reduced (Qrgyia) or are absent (Psyche} in the

female sex. The eggs, which are often laid in groups and are covered

with a woolly mass, give origin to caterpillars with sixteen legs and

a thick covering of hairs ; the caterpillars spin complete cocoons in

which they become pupa? above ground. The caterpillars of some

species live together in. common cocoons; some (Psychidce) prepare a

sac in which they conceal their bodies. Parthenogenesis occurs.

Fam. Euprepiadse (Barenspinner). The caterpillars with very long hairs, are

Vjimvii as woolly bears. Eujin-pia caja L., Eplantaginis, etc<

Fam. Liparidse. Lipuris wonacJta L.. the caterpillar is very harmful to leafy

trees and Coniferce. L. dlxjiar L., Or/jyni ant tqua L. The female is apterous.

0. [Dasychira) jpwdibunda L.
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Fam. Notodontidae. Notodonta zlczac L., JV. dromedarius L. Cni'thocampa

processioned L., the caterpillars live on oaks. Harpyia rintila L. (Gabel-

schwanz). The caterpillar has pharyngeal gland and two protrusible anal

filaments.

Fam. Bombycidae. Ga.ttropacUa quercifolia L. (Kupferglucke). G. potatoria

L.. G rubl L., G. p'mi L., Clinocampa ncustria L. ; Bomlnjx mori L. Silk-

spinner originally from South Asia, but now bred in South Europe and China

on account of the silk obtained from its cocoons. The caterpillar (silkworm)'

lives on the leaves of the mulberry. (The disease of silkworms, the rnuscardine.

is produced by Entrytin Bassiana}.

Fam. Saturnidae. Satumiapyri Borkh. S. carpini, splni Borkh., Attaaua

cijnthla, Yamamai, cecropia, cultivated for silk. Aglia tan L.

Fam. Psychidae. The caterpillars carry about sacks in which they are trans-

formed into pupas. Psyche atra L., Ps. helix L. The sacs are spirally coiled

and have a second lateral opening, and are different in the two sexes. Fumea
nitidella Hb.

Fam. Zygaenidae. Zyrjcenafilipendula L.

Fam. Cossidae. The caterpillars live mostly in the medulla of plants. Cossux

lit/niperda Fabr., tesculi L.
, Hepialus liumuli L. The caterpillar lives in hop

roots.

Tribe 5. Sphingina (Schwarraer). Lepidoptera with elongated body,

pointed at the end, and usually a very long rolled proboscis. The

anterior wings are long and narrow. The hind wings are short.

The antennae are short, and, as a rule, taper at the points. The wings
lie when at rest horizontally on the body and always have a retina-

culum. The caterpillars are flat, and provided with an anal horn and

sixteen legs. They pass their pupal stage in the earth. The adult

insects fly about in the twilight, some species also in the day

(Macroglossa).

Fam. Sesiadae. Sesia apiformis L., S. bemleciformis Hb.

Fam. Sphingidae. Hawk-moths. Macroglossa stcllutarum L. (Tauben-

schwanz), Humming-bird Hawk-moths. Sphinx elpennr L., S. parceling L.

(Weinschwanner), S. Ncrii (Olcanderschwarmer), S. convolvull L., Aclierontia

atropos L., death-head. The caterpillar lives on potatoes. Snierinthus populi
L. (Pappelschwarmer), S. tlVice L. (Lindenschwarmcr), 8. oc-cllutm L. (Nacht-

pfauenauge), Eyed Hawk-moth.

Tribe 6. Rhopalocera. Butterflies. Lepidoptera of slender

build, usually with brightly coloured wings. The antennae are club-

shaped, or knobbed at the end. The legs are slender. The tibiae of

the front legs are short, and sometimes reduced. The Rhopcdocera

fly by day, and when at rest hold the wings upright, often applied

together. The caterpillars have sixteen feet, and are either naked or

thickly covered with hairs and spines. They develop, for the most

part without cocoons and attached to extraneous objects by fibres,

into the pupa, which is often of a shining metallic colour.
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Fam. Hesperidae. Hc.tpcria comma L., //. sylcanus Schn.

Fam. Lycaenidse (PolyotkmatidcB), (Bliiulingc). Polyommatus Arlon L.,

P. Damon Fabr. P. virgaurece L., Thccla rtili L., green hairstrcak. T. qucrcus

L., purple hair streak. T. betidce L.

Fam. Satyridse. Satyrus Briseis L., S. Ilcrmione L., Erelia Bsdv. (Ilip-

parchia Fabr.), E. Janira L., etc.

Fam. Nymphalidae. The caterpillars have spiny outgrowths, rarely covered

with fine hairs. The pupa is attached by its posterior extremity. Apatura
iris L. (purple emperor). Limenitis populi ~L. (Eisvogel). Vanessa prorsa L.

(F. levana is the spring generation). F. card/it L., painted lady. F. atdlanta

L., Admiral. F. antiopa L. (Camberwell beauty). F. 10 L., peacock. F. urtica;

L.. (Kleiner Fuchs), small tortoiseshcll. Ar/iynnis paphia L., silver-washed

Fritillary. A. in/lain L. (dark green Fritillary), Mi-llttea cinxin L.

F-jrn. Pieridae (Weisslinge). Pleris crata-yi L. Blackvcined white. P.
brattices L., large white (Kohl-

\veissling). P. napi L., green-

veined white. P. rapes L., small

white. Colitis Injale L., C. rhamni
L. (Citronenvogel).
Fam. Equitidse. Pajiilio Poda-

?/rius L., P. MucJiaon L. (Swallow-

^ail). Doritls Apollo L. The

temales have a pouch-like ap-

pendage at the posterior end of

the bod 7.

Or, '.er 8. Coleoptera.*

Insects with masticating

mouth-parts and horny front

wings (tegmina). Prothorax

freely moveable. The meta- FlG. v&.-Hydrophiius pictu* (i6-ne animal), a,

morpf'Osis is Complete.
Beetle, b, Larva, c, Pupa.

ThH chief characters of this large, but tolerably well-defined, group
of infects depend upon the structure of the wings. In the state of

rest the anterior wings, as wing-covers (elytra), cover the posterior

membranous wings which are transversely and longitudinally

folded, and lie horizontally on the abdomen (fig. 483). The hind

wing? aloue are used in flight, while the front wings are modified to

perform a protective function, and usually correspond in size and

form *>o the soft-skinned dorsal surface of the abdominal region, of

W. E. Erichson, "Znr systcmatischen Kenntniss der Insectenlarven,"
Arckivfiir Sahinji-sch., Tom. VII., VIII., and XIII.

Th. Lacordaire,
" Genera des Cole"opteves," Paris, 1S54-1S6G.

L. Eedtenbacher, "Fauna Austriaca, die Kafer," 3 Aufl. Wicn., 1873.

Gemminger uud Harold,
"
Catalogus Coleoptcrorum, etc.." Miinchen, 18CS.

Kowalevski I.e.,
'

Entwickelungsgeschichte des Hydrophilus, etc."
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which, however, they leave in some cases the last segment
or in other cases (Staphylinoe) several segments, exposed. As
a rule, when the insects are at rest, the straight internal edges of

both wing- covers are shut closely together, while the outer edges are

bent round the sides of the abdomen. Sometimes the inner edges of

the wings are fused together, so that the power of flight is

abolished. In rare cases the wings are altogether absent. The
head is seldom free, but as a rule is sunk into the freely moveable

prothorax, and bears very variously shaped, usually eleven-jointed,

antenna?. In the male the latter are of considerable size and have

a considerable extent of surface. Ocelli

are with few exceptions absent, but the

facetted eyes are only absent in certain

blind species, which live in caves. The
mouth parts are adapted for masticating

., ^rv&stsmF^ ifv

auc^ Citing, and sometimes show transi-

f \ I ^v tional f rms to those of the HymenopUra.
The maxillary palps are usually four-

jointed and the labial palps three-jointed.

In the predatory beetles, the external lobe

of the maxilla has a palp-like form and

articulation. The labium, which is sim-

plified by the reduction of its parts, is in

rare cases elongated to form a divided

tongue. The large prothorax (cervical

shield) is rnoveably articulated with the

mesothorax, which is usually weakly de-

veloped ;
and on it, as well as on the

FlG. 481. a, Cicindcla camppstris 1

6, c, its larva with the two dorsai other thoracic segments, the pleura ex-
hooks on the fifth abdominal tend on to the sternal surface. The
segment (regne animal).

legs vary very much in shape, but usually
end with a five-, rarely with a four-jointed tarsus. The tarsus is

rarely composed of a smaller number (from one to three) of joints.
The abdomen is attached to the metathorax by its broad base, and

always possesses a greater number of dorsal than of ventral plates,
of which some may fuse with one another. The smaller terminal

segments are usually retracted and concealed by the preceding.
The nervous system of the Cokoptera varies in the greater or less

concentration of the ventral ganglionic cord. The subccsophageal

ganglion is followed by two or three thoracic ganglia, with the

posterior of which one or two abdominal ganglia may be fused. In

I
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the abdomen there are usually a series of separate ganglia (2 to 7).

The latter may, however, fuse together to form a long mass or be

drawn into the thoracic ganglia.

The long coiled alimentary canal dilates in the carnivorous beetles

to form a gizzard, which is followed by a shaggy chylific ventricle.

The number of Malpighian tubes is, as in Lepidoptera, confined to

four or six.

The males and females are easily distinguished by the form and

size of the antennae, the structure of the tarsal joints, and by special

relations of size, form and colour. In the female the numerous egg-

tubes unite in very various arrangements, and a bursa copulatrix is

often present. The males possess a large horny penis, which, when

at rest, is retracted into the abdomen and is

protruded by means of a powerful muscular

apparatus.

Almost all the larva? have mouth parts

adapted for biting, rarely suctorial pincers.

They feed under the most different conditions,

as a rule concealed and removed from the

light, and usually in the same way as the

perfect insect. They are either grub-like and

apodal, but with a distinctly developed head

(Curculionidce), or they possess, in addition to

the three pairs of legs on the thorax, also

stumps on the last abdominal segments.

Many larva?, as those of the Cicindelce, have

a peculiar apparatus for capturing their prey
,

FIG. -is.,. ,7, Melue nola-

(fig. 484). In place of the facetted eyes, which i!. b, s;iari* humeraii*

have not yet appeared, ocelli are present in

varying number and position. Some beetle larvae, like the larvae of

the Dlptera and Hymenoptera, live as parasites and feed inside bees

nests on the eggs and honey (Jfeloe, Sitaris) (fig. 485). The pupte
of beetles, which are either suspended and attached to objects or lie

on the earth or in holes, have their limbs freely projecting.
Fossil Coleoptera are found in coal formations and are specially

numerous in amber.

Tribe 1. Cryptotetramera = Pseudotrimera. The tarsuses are com-

posed of four joints, of which one joint is rudimentary. Latrt-ille

considered them to be three-jointed.

Fam. Coccinellids (Lady Birds). Coccituili, septcmpunctata L. The larvce

feed on Aphides. Cliilocoriix liqnistulatus L.
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Fain. Endomychidai (Pilzkiifer). Endomyclnts cocci ncvs L. Lycoperdina
succincta L.

Tribe 2. Cryptopentamera = Pseudotetramera. One joint of the

five-jointed tarsus is reduced and concealed.

Fam. Chrysonielidae (Lilattkafer). The adult insects are mostly of a bright
colour and feed on leaves. Their larva? have a cylindrical thick-set body, which

is very generally covered with warts and spiny prominences ; they always have

well-developed legs ; they likewise feed on leaves, into the parenchyma of

which some of them (Hispa') burrow, and present the peculiarity of using their

excrements to prepare cases which they carry about with them (Clythra,

Ci'yptoceplial'Ug). Before entering the pupal stage they attach themselves to

leaves by the hind end of their body. Ifaltica olcracca Fabr. Harmful to

cabbage leaves. Linapoptdi L. Chrysomcla varians Fabr.

Fam. Cerambycidse (Longicornia) (Bockk'a'fer). Some species (Lamia} pro-

duce a peculiar sound by rubbing the head against the prothorax. The elongated

grub-like larva? have a horny head with powerful mandibles, short antennae, and

usually no legs or ocelli. They live in wood, in which they bore passages and

sometimes cause great damage. Lamia textor L., Ccrambyx heros Scop., C.

cerdo Fabr., Prionus coriarius Fabr.

Fam. Bostrychidse (Borkeukiifer). Colevptcra of small size and cylindrical

body shape. The larvse are of stout cylindrical shape and without legs, the

place of which is taken by ridges covered with hairs like those of the Curcv-

HonidcB. The adult insects and larva? bore passages in wood, on which they feed.

They live in companies, and belong to the most dreaded destroyers of forests

of conifers. The way in which they eat into the bark is very peculiar,

being characteristic of the individual species and indicative of their mode of

life. The two sexes meet in the superficial passages, which the female, after

copulation, continues and lengthens in order to lay her eggs in pits, which she

hollows out for that purpose at the end of them. The larva? when hatched eat

out lateral passages, which, as the larva? increase in size and get further from

the main passage, become larger and give rise to the characteristic markings
on the inside of the bark. Boxtryclnis dialcngrapints, L., B. typographic L.,

under the bark of pine-trees. B. stenograpkus Duft.

Fam. Curculionidae (Riisselkafcr). Weevils. Head prolonged into a proboscis
in front. Larva? cylindrical, without or with very rudimentary legs and

ocelli ; they are almost entirely phytophagous ;
and indeed they live under the

most various conditions, some inside buds and fruit, others under bark, or on

leaves, or in wood. Calandra granarla L., in grain known as black grain-

worms. Balaninus nuciini L., Nut-weevil. JJylobius alu-tis Fabr., Apio/t,

fnniicntarium L.

Tribe 3. Heteromera. The tarsuses of the two anterior pairs of

legs are five-jointed, of the posterior pair four-jointed.

Fam. Oedemeridae. Ocfirmera virwcnii L.

Fam. Meloidae (Cantharidae). They furnish a substance used in the prepara-
tion of vesicants. The larva? live partly parasitically on insects, partly free

under the bark of trees, and some of them pass through a complicated meta-

morphosis called by Fabre hypermetamorphosis ; they possess at first three

pairs of legs ;
in later stages they lose these, and the body acquires a cylindrical
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form (fig. 457). Ndoc L. The beetles live in grass, and when touched they give

out an acrid pungent fluid between the joints of the legs. The larvae creep on

the stalks of plants, penetrate into the flowers of Asclepiadae, Primulacese, etc.,

and attach themselves fast to the body of bees (Pediculus mdittce Kirby), in

order to be carried to the bees' nest, in which they nourish themselves chiefly

on honey. M. proscarabeeus L., J/. vialaceus Marsh. Lytta m-icatoria L.,

Spanish fly. Sitaris humeralis Fabr., South Europe (fig. 485).

Fain. Rhipiphoridae. The larvae live in wasp nests (Metoccvx), or in the

abdomen of cockroaches ^Rhiptdlus). Rltipiphorus bimaculatus Fabr.

Fam. Cistelidae. Itistelafulvipes Fabr.. C. murina L.

Fam. Tcnebrionidae. Tenebrio molitor L., Larva known as meal-worm. Slaps

murtisaga L.

Tribe 4. Pentamera. Tarsus usually five-jointed.

Fam. Xylophaga. Tarsus sometimes only four-jointed. The larvae some-

times feed on dead animal matters, sometimes bore cylindrical horizontal

passages in wood, and are therefore destructive to furniture and wooden
material as well as to living trees. Lymexylon navale L., on docks in oak.

Anoliwm pcrtinax L., death watch, produces a ticking noise in wood. Ptinvs

fur L., Pt. rufipes Fabr.

Fam. Cleridae. The variegated larvae live under bark and for the most part
on. other insects. Clerus formicarius L., Trichodes apiarius L. The larva is

parasitic in bee-hives.

Fam. Malacodermata. JtfalacJilns esncus Fabr. Cantharls (Tflcphoms)
riolacea Payk., C. fusca L. Lampyrls Geoffr., Glow-worm. Female

apterous, or only with two small scales. Light organs in the abdomen
L. noctiluca L.. L. splendidula L. Female with two small scales instead of

wing-covers.

Fam. Elateridae (Springkafer). The elongated body is distinguished by the

very free articulation between the prothorax and mesothorax
;
and by the pos-

session of a spine upon the prothorax which fits into a pit on the mesothorax.

These two arrangements enable the beetle to jump up when lying on its back.
The larvae lire under the bark of trees on the wood, sometimes in the roots of

grain and turnips, and may be very destructive. Agriotes lineatvs L., Lacon

murinuslj., Elater sanguineus L., PyropJtorus noctilucvs L., in Cuba, prothorax
dilated to the form of a vesicle and phosphorescent.
Fam. Buprestidae (Prachtkafer). Body elongated, pointed behind, often

brightly coloured, with a metallic lustre. The elongated vermiform larvae are

without ocelli and, as a rule, legs ; and possess a very broadened prothorax.

They live like the larvae of the Cerambycidce, to which they present a general

resemblance, in wood, and bore flat ellipsoidal passages. Trachys minuta L.,

Agrilits bif/uttatits Fabr., Bupn'stis rustlca Fabr.. B.flawmaculata Fabr.

Fam. Lamellicornia (Blatthornkafer). The antennae are seven- to eleven-

jointed ;
the basal joint is large, and the terminal joints (three to seven) are

widened to a fan shape. In many the anterior legs are adapted for digging-
The soft-skinned larvre possess a horny head, moderately long legs, and a curved

abdomen, which is dilated behind to the form of a sac
; they feed sometimes on

leaves and roots, sometimes on putrefying vegetable and animal substances, and
enter into the pupal stage after two or three years sojourn in a cocoon beneath
the earth. Lucanus eervus L., stag beetle. Larvae in rotten wood of old oaks.

The beetle feeds on the sap which comes from the oak. L. paralli'liplpcdus L.,
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Cupris lunar i* L., AphoMus subterraneus Fabr., Geot-rupes vernal is L., G.

stercorarliiti L., Ithlzntroijug xolstitiitllx L., MelolontlM vulgarlx Fabr.. Cock-
chafer. The larva? at first live together and feed on fresh vegetable substances,
later (in the second and third years) on roots, which they destroy, doing great

damage. Towards the end of the fourth summer the beetle is usually developed
from the pupa, which lies in a smooth round hole, but it remains in the earth till

the next spring. M. liippocaxtani Fabr., Cetonia aurata L., Ateut-hus an err L.,

Oryctes naslcornis L.

Fam. Dormestids (Speckkiifer). Attatjcnus pcllio L. (Pelzkiifcr). Dcrniestes

lardarius L., (Speckkiifer).

Fam. Histeridse (Stutzkiifer). Ulster maculatus L., OntopJtiltis atriatu-s Fabr.

Fam. Silphidse (Aasklifer). Beetles and larvse live on and lay their eggs in

decomposing animal and vegetable matters
; some of them even attack living

insects and larva?. When .attacked many defend themselves by the ejection of

a stinking anal excretion. Silpha, thoracicu FaTor., S. obscura Fabr. Aiecro-

2)horus vcspiHo Fabr., JV. r/frmatiicus Fabr. (Todtengraber).
Fam. Pselaphidse. Live in the dark under stones and in colonies of ants.

PselapJtus Seisei Herbst, Clarlyer tcstaceus Pr.

Fam. Staphylinidse (Kurzdeckfliiglcr). Jfyrmedoma canaliculata Fabr.

Live among ants. Staphylinus maxillosus L., Omallum r'u-ulare Payk.
Fam. Hydrophilidae (Palpicornia). Swimming beetles with short club-shaped

antennre and long maxillary palps, which often project beyond the antennae.

Feed on plants. Hydrophilus piceus L., Hy&robiusfuscipes L.

Fam. Dytiscidee. Swimming-beetles, with filiform, ten- or eleven-jointed
antenna; and broad swimming legs beset with setse

;
the hind legs project

back and are especially adapted for swimming by the possession of a close

covering of swimming-hairs. Colynibetesfttseus L.. Dytiscus margmalis, Sturm.

Fam. Carabidae.* Running beetles, with eleven-jointed filiform antennse, power-
ful pincer-shapcd mandibles, and running legs. The elongated larva? possess

four-jointed antenna?, four to five ocelli on each side, sickle-shaped projecting

pincers, and fairly long five-jointed -legs Ifarpalus cencus Fabr., Krachiniift

crcpltans K. (Bombardirkiifer). Caralvs anratus L.. Procrustes corlaccus L.

Fam. Cicindelidse. Tiger-beetles. Mandibles with three teeth. The larvre

form subterranean passages, possess a broad head, very large sickle-shaped
curved jaws, and bear on the dorsal surface of the eighth segment of the body
two horny hooks for attachment in the passage, at the opening of which they
lie in wait for prey. Cicindda campcstrls L. (fig. 4S4).

Order 9. HvMENOPTERA.t

Insects with Intiwj and licking mouth parts, fused protliorax, Jour
membranous loings with only few nervures. Metamorj)hosis complete.

The body has as a rule an elongated form, and possesses a freely

*
Dcjean, "Species general des Coltiopteres, etc." Tom I.-V., Paris, 1825-

1831.

j L. Jurine, "Nouvellc methode de classer les Hymenoptercs ct les Dipteres.'
Tom. L, Hymenopteres. Geneva, 1807.

C. Gravenhorst,
"
Ichncumologia Kurop;ca," Vratislaviip, 1829. J. Th. C.

Batzcburg,
' Die Ichncumoncn der Forstinsccten." 3 Bde. Berlin, LSii-lSoi

G. Dahlbom,
"
ITymcnoptera Europiea, prrucipuc borealia." Lund. 1845.

v. Siebold,
'

Bcitriige zur Parthenogenesis dcr Arthropoden." Leipzig, 1871.
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moveable head with large facetted eyes which in the male are

almost in contact, and three ocelli (fig. 486).

In the antennae a large basal joint (shaft) and eleven to twelve

shorter joints can usually be distinguished, or they are not crooked,

in which case they consist of a greater number of joints.

The mouth parts are biting and licking ; the upper lip and man-

dibles are constructed as in beetles and Orthoptera ;
the maxillse

and labium, 011 the other hand, are elongated and adapted for licking,

and when at rest are frequently bent round. In bees the tongue

can be considerably elongated and assume the form of a proboscis ;

in this case the lobes of the jaws also become considerably extended,

and form a kind of sheath around the tongue. The maxillary palps

are usually six-jointed ; the labial palps on the other hand only

four-jointed, but the number of joints may be reduced.

As in the Lepidoptera and Dipt&ra, the prothorax is firmly con-

nected with the following thoracic segments, inasmuch as the

FIG. 480. Apis mellifica. a. Queen, b. Worker, c, Drone.

pronotum at least (excepting in the leaf- and wood-wasps) is

fused with the mesonotum, while the rudimentary prosternum

remains freely moveable. On the mesothorax two small moveable

scales (tegulce) are found over the base of the forewing, and

behind the scutellum the anterior part of the metanotum is

developed into the posterior shield (postscutelluiii). Both pairs of

wings are membranous, transparent, and traversed by but few

iiervures ; the anterior are considerably larger than the posterior.

From the outer edge of the latter small hooks arise, which are

attached to the inferior edge of the anterior pair, thus bringing

about the connection between the two pairs of wings. Sometimes

the wings are absent in one of the two sexes, or in the workers

amongst many social Hymenoptera. The legs possess five-jointed,

usually broadened tarsuses with long first tarsal joint. The ab-

domen is rarely attached to the thorax by its whole breadth
(sessile) ;

as a rule the first or the two first segments of the abdomen are

narrowed to a thin stalk, bringing about the connection with the
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thorax (stalked). In the female sex the abdomen ends with an

ovipositor (terebra), which as a rule is retracted, or with a poison

spine (aculeus). The latter develops from six warts, of which four

belong to the ventral side of the penultimate, two to that of the

antepenultimate segment. The sting (fig. 487) consists of the

grooved piece (sting-groove), two piercing stylets and two sting-

sheaths (with oblong plates) and is retracted when at rest. The

grooved piece, the furrow of which is directed downwards, arises

from the inner pair of warts of the penultimate segment, while the

piercing stylets on the

edge of the grooved piece

correspond to the pair of

warts of the antepenulti-

mate segment. Finally

the segments also take

part in the formation of

this apparatus, inas-

much as they furnish

powerful supporting

plates for the sting

(quadratic plate and

angular piece).

The nervous system
consists of a large com-

plicated brain, an in-

fra-cesophageal ganglion,

two thoracic ganglia

(the ganglia of the

mesothorax and meta-

thorax are fused with

the anterior abdominal

ganglion), and five to

six ganglia in the ab-

Fio. 487. Stinging apparatus of the honey bee from
the dorsal side (after Kraepelin). GD, poison gland ;

Gb, poison reservoir ; D, gland; Str, grooved piece with

the two stylets ; Ba, swollen base of the grooved piece ;

S, curved root of the same
; W, angular piece ; SJt,

sheath of spine ; O, oblong plate ; Q, quadratic plate ;

Sib', Stb", the two piercing spines on the ventral side

of the grooved piece.
domen.

The alimentary canal frequently attains to a considerable length,

especially in those Hymenoptera which with a longer life cumber

themselves with the care and nourishment of the young. Large

salivary glands are present. The narrow oesophagus usually dilates

to a suctorial stomach, more rarely to a spherical gizzard (ants). A
considerable number of short Malpighian tubules open into the

intestine (hindgut).
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In connection with the great power of flight, the longitudinal
trachecl trunks give rise to vesicular dilatations, of which two at

the base of the abdomen are conspicuous by their size.

The female sexual organs usually possess very numerous (up to

one hundred) many-chambered egg tubes, and a large receptaculum
seminis with accessory glands. A special bursa copulatrix is absent

(fig. 488). When a sting is developed, filiform or branched poison

glands with a common reservoir and a duct opening into the sheath

of the sting, are present. In the male sex the ducts of the two

testes are connected with two accessory glands, while the common
ductus ejaculatorius ends with a large protrusible penis.

With the exception of the leaf-wasps (Tenthredinidce), and wood-

wasps (Uroceridce), the larvae are apodal and live either parasitically

in the body of insects (the Pteromalince pass through various larval

stages, undergo- -~

ing a kind of 7r

hypermetamor-

phosis) or in

plants, or in

brood spaces
(cells) formed of

animal and vege-

table substances.

The former, like

the caterpillars
FIG. 488. The viscera in the abdomen of the queen bee (after

of the butterflies, R. Leuckart). D, alimentary canal ; S, rectum with rectal glands

POSSesS besides
an<1 anus ' Gk > cnain of ganglia; OP, ovary; He, receptaculum
seminis ; Ql, reservoir of poison gland ; St, sting.

the six thoracic-

legs, six to eight pairs of abdominal legs, and live free on leaves
;

the latter are grub-like, find the nutritive material in their cells,

and are in part fed during their growth. Almost all e.g., the

larvae of bees and wasps possess a small retractile head with short

mandibles and pointed pieces (maxillae and labium). The anus is not

developed, for the stomach is blind and does not communicate with

the hindgut, which receives the Malpighian tubules. Most of the

larvae, when they enter the pupal stage, spin an irregular invest-

ment or a firmer cocoon of silk-like fibres. The larvae of bees

and wasps then soon undergo a moult (when they get rid of

their excrementitious matters), and enter upon a stage which

precedes that of the pupa and is called by v. Siebold the pseudo-

pupa (fig. 489).

38
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Sub-order 1. Terebrantia.

Female with ovipositor as tube or borer (ferebra), which projects

freely at the end of the abdomen, and is sometimes retractile.

Tribe 1. Phytophaga. Abdomen sessile. Trochanter composed
of two rings. Larva? phytophagous, resemble caterpillars.

Fam. Tenthredinidae (Leaf-wasps). Saw-flies. Abdomen sessile with short

borer. The larvae have rarely three, usually nine to eleven pairs of legs,

and resemble caterpillars. The females lay their eggs in the epidermis of

leaves, the puncture causes the flow of .sap. which the egg imbibes and thereby
increases in size. The young larva? feed on leaves, often in early stages live

in societies, and become pupae in a cocoon. They are distinguished from

the caterpillars by the greater number of legs, and by the two ocelli on

the horny head. Lyda Ictulce L., Tenthredo (Atlialia) spinorum Fabr.. larva;

sometimes on roses. Nematus ventricosus Klg., larvae on gooseberries. Cimlirj'

femarata L.

Fam. TTroceridae (\Yood-wasps). Abdomen with first tergum split, and usually

long, freely projecting oviposi-

tor (egg-borer). The females

bore holes in wood and deposit
their eggs therein. The larvae

bore further into the wood
and live a long time. Sirex

i/ it/as L.

_,. (ralllCOla. Ab-

stalked. Larvae

and aproctous,

FIG. 489.- a, Larva of the bumble bee about to become
a pupa, &, Pseudo-pupa (Semi-pupa), c, pupa (after domen

apodal

usually living in vegetable cells.

Fam. Cynipidae (Gall-wasps). Thorax humped. Abdomen usually short,

laterally compressed. The ovipositor (egg-borer) arises on the ventral side, and
is as a rule retracted. The females bore into plant tissues and cause, by the

irritation of an acrid fluid, an abnormal flow of vegetable fluids, thus giving
rise to the outgrowths known as (jails, on which either one or several apodal
larvae feed. Certain galls, especially those of the oaks of Asia Minor (Aleppo),
contain tannic acid, and are on this account used in industry. In many species
the females only are at present known

; the eggs in such cases develop

parthenogenetically. Many larvse are parasitic in Diptera and Aphides.

Cynipg qucrctts folii L., Ithodih-s route L., produces the bedeguar of roses.

Figites scutellaris Latr., parasitic on the grubs of Sarcvpliaga.

Tribe 3. Entomophaga. Abdomen stalked. Female with freely

projecting ovipositor (spine). Larva? apodal and without anus,

usually parasitic in the larva? of other insects.

Fam. Pteromalidae. The larva; are parasitic in all possible insect larvae,

frequently in parasites, and pass through a complicated metamorphosis, ex-

tremely remarkable for the succession of very different stages. Pteromalus

yupamm L., Tclea* clavlcornis Latr., Platygaster Latr., (fig. 458).
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Fam. Braccnidae. They principally persecute caterpillars, as well as beetle

larvie living in dead wood. Jficrogastcr glommeratus L., in caterpillars.

Bracon impostor Scop., Br. palpeftrator Ilatzbg.

Fam. Ichneumonidae. Ichneumon inculiitur L. I. (Troguis) Ivtorlus Eatzbg.,

Piinjilu. (JEpliialtes) manifestator L., Ophion luteus L.

Fam. Evaniadae. Ecanla appendiga&ter L.. Foenusjaculator L.

Sub-order 2. Aculeata.

With retractile perforated sting and poison gland in the female

?ex. Abdomen always stalked
;
the antenna? of male usual thirteen-

jointed, of the female twelve-jointed. The larva? are apodal and

without anus.

Fam. Formicidse* (Ants) (fig. 490). They live together in communities, which

contain, besides the winged males and females, a great excess of small apterous

workers with stronger prothorax. The latter are sometimes of two kinds,

known as soldiers and true workers, distinguished by the size of the head and

jaws. The workers arc

aborted females and re-

semble the true females

in possessing a poison

gland, the acid secre-

tion (formic acid) of

which they either pour
out with- the help of the

sting or. in the absence

of the latter, eject into

the wound made by the

mandibles.

The dwellings of the

ants consist of passages

and cavities, which are

placed in rotten wood,
in the earth, or in hill-

like heaps which they
throw up. Winter pro-

visions are not carried

into these spaces, since

the ant-workers, which with the queens alone survive the winter, fall into a

kind of winter sleep.

In the spring queens are found in addition to the workers. From the eggs of

the queens larvae proceed, which are carefully reared and protected by the

workers. The larvae in egg-shaped cocoons become pupre (ants' eggs) and develop,

some of them to workers and some to winged sexual animals, which appear with

us sooner or later in the course of the summer, and copulate in the flight. After

copulation the males die, the females lose their wings and arc carried back by

*
T. Hubcr,

" Kecherches sur les mceurs dcs Fourmis indigenes." Geneva,
1810.

Latreille,
" Histoire naturelle des Fourmis." Paris. 1802.

A. Forel,
" Lcs Fourmis de la Suisse." Zurich, 1S74.

. V30. Formica (Camponotus)l>erc>ilanea. a, Feinnle. I, Male.

c> Worker, d. Larva of Formica nifa. e, pupa with! case, SO-

called ant egg. /, g, Pupa liberated from the case.
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the -workers into their dwellings, to deposit their eggs, or found with some of

the workers new societies.

In the tropics the ants undertake migrations in great numbers, and may
become a regular plague when they enter houses and destroy all eatables.

Many forms (Oecodoma species) are especially destructive to young trees and

plants, which they strip of foliage. Some species, however, render service in

attacking Termites and in destroying other pernicious insects, such as the cock-

roaches, even in the dwellings oj man. Many species, especially of the genus

Eclton, are predatory ants and destroy other ant colonies. Certain species are

said to make war with foreign ant states and to carry off their young, which

they bring up for service in their own colony (Amazon colonies. F. rufa,

riifcscens*). The relatively high psychical activity of these insects is undeni-

able
; many instances of it have been disclosed by the thorough observations of

P. Huber. They keep Aphides as we do milch cows
; they carry provisions

into their dwellings ; they go out to battle in -regular columns, and offer up
their lives bravely for the community. In contrast to the war-like features of

the slave-states are the friendly relations of the ants to other insects, which, as

Myrmecophila, live in the ant dwellings (larva? of Cetonia, Myrmecophila, etc.).

Formica herculanea L., F. rvfa L., Myrmica acervorum Fabr., with sting.

Fam. Chrysididae (Gold wasps). The females lay their eggs in the nests of

other Hymenbptera, especially of the digging wasps (Fossmna), with which

they have on this occasion to carry on war. Cltrysis ir/nita L.

Fam. Heterogyna (Mittillidtg, Scoliada'). Males and females very different

in form, size and structure of antennre. The females, with shortened wings or

apterous, live solitarily and lay their eggs on other insects or in bees' nests, and
do not trouble themselves with the nourishment and care of their young.
Mutilla europaca L.. Scolia (Scoliadce~) liortonim Fabr. The larva lives

parasitically on that of the nasicorn beetle.

Fam. Fossoria *
(Digging wasps). Solitary Hymenoptera, with unbent

antennae and elongated legs ;
the tibira are armed with long spines. The

females, which live on honey and pollen, dig passages and tubes usually in sand
and in earth and in dry wood, and deposit at the end of them their cells, each of

which contains an egg and animal nutritive matter for the future larva. Some

(Bemlex) carry fresh food daily to their growing larvas, contained in open cells
;

others place in the closed cell as many insects as the larva requires for its de-

velopment. In the last cases the introduced insects are not completely killed,
but merely crippled by a sting in the ventral nerve cord. The individual

species usually capture quite definite insects {caterpillars, Curculionida,

Bv/prestidce, Acridics, etc.), which they overpower and paralyse in a very
remarkable manner. For example, Crreerix buprrstlcida attacks JBitprestis,
while C. Dvfiiurti chooses Clconvs ophthalmicus. The digging wasp seizes the head
of the beetle with its mandibles and inserts its sting into the thoracic ganglia
between the articulation of the prothorax. 8j)hex faripennis, which
constructs three cells at the end of a horizontal passage, two or three inches

long, attacks Grylla, and Sj>Jiex albisccta species of (Edipoda. Ammnphila
Imliixericea supplies each of its brood cells with four or five caterpillars ; A.
sabitlvxa and argcntata only with one very large caterpillar, which is paralysed

*
Fabre,

" Observations sur Ics mceurs des Cerceris
;

"
also " Etudes sur

1'instinct ct les metamon>hoses dcs Sphcgiens." Ann. dcs Sc. Nat., ser. 4 Tom IV
and VI.
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by a sting in a median apodal body segment. Pompilus viatlcus L., Ammophila
sabulosa L., Crabro cribarius L.

Fam. Vespidae
*

(Wasps). Body slender, smooth. Anterior wings are

narrow and can be folded together longitudinally. They are sometimes solitary,

sometimes they live in societies ;
in the last case the workers also are winged.

The females of the solitary wasps build their brood-cells in sand or on the

stalks of plants with sand and clay, and fill them rarely with honey, usually
with insects, especially caterpillars and spiders ; they thus approach the Fossoria

in their mode of life. The social wasps approximate to bees in the organization
of their society. They construct their nests of gnawed wood, which they
manufacture into lamellns resembling paper, and fasten together into regularly

hexagonal cells. The combs, which are composed of a simple layer of cells

attached to one another, are either suspended freely on the branches of trees,

or in holes in the earth and in hollow trees, or surrounded by a common

leafy investment, on the under surface of which the holes for exit are placed.
In the latter case the internal structure frequently consists of several horizon-

tally-suspended combs which are placed one above the other, like the floors

of a house, and are connected by buttresses. The openings of the hexagonal

vertically placed cells look downwards. The foundation of each wasp nest is

laid in the spring by a single female, which was fertilized in the preceding
autumn and has survived the winter. She begets, in the course of the spring
and summer, workers, which help to increase the size of the nest and to rear

the offspring, and of which the larger forms produced in the summer not

rarely lay eggs, which develop parthenogenetically into males. The larvae

are fed with insects which have been well chewed, and are transformed in a

delicate case into pupae in the closed cells. The perfect insects feed as a

rule on sweet substances and honey juices, which they are said occasional!}' to

gather in (Polistcs~). Males and females first appear in late summer and

copulate in the flight high up in the air. The males soon die and the whole

colony is generally dissolved in the autumn
;
the fertilized females, on the

other hand, survive the winter under stones and moss in order to found new
societies in the following year. Odyncrus parletum L., Polistes fjalllca L.

Nests are without investment of leaves and consist of a stalked comb. The
fertilized females, which have survived the winter, produce according to v.

Siebold at first only female offspring, whose eggs remain unfertilized and

develop parthenogenetically into males. Vcapa, crabro L., hornets. V.

viilgaris L.

Fam. Apidaef (Bees). Tibia and tarsus, especially of the hind legs, broadened ;

the first tarsal joint, especially of the hinder legs, covered with hairs like a

brush. Anterior wings cannot be folded together. Body hairy. The hairs on
the hind legs or on the belly serve as a collecting apparatus for the pollen.
The labium and maxillae often reach a very considerable length. The latter

are applied as a sheath to the tongue, and bear only rudimentary palps. The
bees are solitary and social, and place their nests in walls, under earth and in

hollow trees, and feed their larvae with honey and pollen. Some do not build

nests, but lay their eggs in the filled cells of other bees (parasitic bees).
Andrena cineraria L., Dasypoda liirtipes Fabr., Nomada nijicornis Kirb.,

* H. de Saussure,
" Etudes sur la famille des Vespidcs." 3 vols. Paris, 1852

to 18.
r
,7.

f F. Huber,
" Xouvelles observations sur les Abeilles." 2 vois. Paris, 1814.
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(CJutlicodoma) miirarla Fabr.. Osmia licorms L., Anf/uyrfiora

Fabr., XijlwHpa rtolacra Fabr. Wood-bees construct perpendicular

passages in wood, and divide them by transverse walls into cells.

Bombus Latr. Bumble bee. Body heavy ; hairy like fur. The nests are

usually placed in holes under the earth, and include only a small number, about

fifty to two hundred, rarely as many as five hundred workers, in addition to the

fertilized [female. They do not construct combs, but pile up irregular masses

of pollen, in which the eggs are deposited, and which serve as food for the

hatching grubs. The latter eat out cellular cavities in the pollen masses and

iorm oval cocoons, which are free but irregularly placed by the side of one

another. The nest is founded by a single female which has survived the winter.

She at first alone has the burden of rearing the brood
; subsequently, however,

this is shared by the hatched workers of different size, which themselves

lay unfertilized eggs. S. lajtidariiis Fabr., mitscorum 111., terrestris, 111.,

Ivypnorwm 111.

Ajris L.. honey-bee. The workers with lateral separated eyes, with one-jointed

maxillary palps. The external surface of the hinder tibise is pressed into the

form of a pit, and is surrounded by simple marginal setre (basket, fig. 491. K) :

the inner surface of the tarsus is beset with regular
rows of seta? (brush, fig. 491 B, I). The female

(queen) with shorter tongue, longer abdomen, with-

out brush. The male (drone), with large eyes in

contact, broad abdomen, and short mouth parts,

without basket and brush. .4. mellijica- L., honey

bee, distributed over Europe and Asia as far as

Africa.

The workers build perpendicular combs in hollow

trees, or in other protected places ;
under the in-

fluence of human cultivation, in suitably arranged
baskets or hives. The wax used in the construction

of the comb is produced in the organism as a result

of metabolism (honey being the source), and is

exuded in the form of small tablets between the.

segments of the abdomen. The combs consist of

two layers of horizontal hexagonal cells, the bases of

which are formed of three rhomboidal plates. The
smaller cells serve lor the reception of provisions

(honey and pollen) and for the brood of workers, the larger for tin; reception
of honey and the drone brood. Outside, at the edge of the comb, there are

at definite times a small number of large irregular queen cells, in which the

female larva; are brought up. When the cells are filled with honey, or the

larvae contained in them have reached the stage of pupae, they are closed up. A
small opening at the bottom of the hive serves for entry and exit

;
all other

clefts and fissures are closed with wax, and no light enters the interior of the

nest. In no other Ilymenopteran society is the division of labour so strictly

carried out as in that of the bees. There is only one fertilized queen, and she

alone lays the eggs (she may lay more than three thousand eggs in one

day). The working bees divide amongst themselves the business of collecting

honey, preparing wax, and feeding the brood, and the completion of the nest.

The drones, which exist only at the swarming time, and then only in pro-

portionatcly small numbers (two hundred to three hundred in a society of twenty

'B

FIG. 491. a, Hind leg of a

worker of Apis melVJlca.

JT, basket on the tibia;

, enlarged tarsal joint

with brush on the under

side. i, brush, more

strongly magnified.
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thousand to thirty thousand workers) have the privilege of enjoying themselves

and of doing no kind of work in the hive
; they arise from unfertilised eggs and

are killed in the autumn (slaughter of drones). The queen and the workers

live through the winter consuming the stored-up provisions, and kept warm by
the heat produced by the dense population of the hive. In the first days of

spring the queen deposits eggs, first in the workers' cells and later in the drone

cells. Some royal cells are then constructed, and at intervals she deposits a

fertilised egg in. each of them. The larvse in the royal cells receive a richer

nourishment and royal food, and become sexually mature females (queens),

capable of copulating. Before the oldest of the young queens is hatched

sixteen days from the deposition of the egg is required for this, while the

workers develop in twenty days, the drones in twenty-four the queen-mother
leaves the hive with a part of the inhabitants (first swarm). The young queen
cither kills all the other royal larvas and remains in the old hive, or if she is

prevented from doing this by the workers, and the population is still large

enough, she also leaves the old hive with a part of the workers before the

appearance of a second queen (second swarm). Soon after her metamorphosis
the young queen makes her marriage flight, and returns after impregnation to

the hive. The queen is only impregnated once in the course of her life, which

lasts four or five years ;
she is henceforward able to produce male and female

offspring. If the wings of the queen are paralysed and she is unable to

copulate, she lays eggs which only give rise to drones ; the same is the case

with the fertilised queen in her old age, when the contents of the receptacu-

lum seminis is exhausted. Workers also may lay eggs which develop into

drones
;
the larvae destined to develop into workers may. if the food supply at

any early stage be abundant, become queens. As parasites in bee-nests may be

mentioned the death's head moth, the wax moth, the larva of the bee-wolf,

{TriclnHlcs aplar'ms), and the bee-louse (Braula caica).

The genera Melipffna 111., Tr'njona Jur., comprise small American species of

bees ; they appear, however, to be less closely related to the genus Apis than

has been hitherto believed. With regard to the economy of the society, one of

the most striking deviations they present, is that the brood-cells are filled with

honey before the deposition of the eggs and afterwards closed, so that the just-

hatched grub is provided beforehand with all the food material (Fr. Miiller).

The workers also prepare large reservoirs for the storage of the honey. Among
the former there are forms as in Evmlus, that do not build nests, but lay their

eggs in the nests of other species.
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Aasfliesre, 576.

Aaskafer, 590.

Abdominalia, 446.

Abiogenesis, 96.

Abraxas, 583.

Abyla, 250.

Acalepha, 250.

Acalyptera, 576.

Acanthia, 572.

Acanthobothrium, 327.

'Acanthocephala,359,343.
Acanthometra, 191.

Acarina, 489.

Acephalocysts, 336.

Achaeta, 392.

Acherontia, 584.

Achtheres, 436.

Acidalia, 583.

Acineta, 205.

Acmostomum, 312.

Acoela, 313.

Acraspeda, 233.

Acridium, 527, 558.

AcrocJadia, 295, 296.

Acronycta, 583.

Acrophalli, 347.

Actinaria, 232.

Actinia, 230, 232.

Actinometra, 286, 289.

Actinophrys, 188.

Actinosphaerium, 188.

Actinotrocha, 389.

Actinozoa, 223.

Aculeata, 595.

Aculeus, 592.

Adambulacral plate?,
291.

Adapis, 173.

Adaptation, 145.

Adaptions of embryos
and larvse, 157.

Adelo-codonic gono-
phore, 236.

Adenoid connective tis-

sue, 38.

Admiral, 5S5.

.Ega, 222, 460.

^Egineta, 242.

^Eginopsis, 236.

^Equorea, 238, 242.

.Eschna, 562.

.^Eschna rectal, Respira-
tion of, 72.

Agalmidte, 249.

Agalmopsis, 247, 248,249.

Agassiz, L, 139.

Agelena, 504.

Aglia, 584.

Agrilus, 589.

Agrion, 562.

Agriotes, 589.

Agrotis, 583.

Alary muscles, 533.

Alaurina composita, 313.

Albertus Magnus, 133.

Albunea, 478.

Alcinoe, 266.

Alciopa, 380.

Alciopea, 379.

Alcippe, 446.

Alcyonaria, 228, 231.

Alcyonium, 231.

Aldrovandus, 133.

Alima, 472.

Alpheida?, 476.

Alternation of genera-
tions, 123.

Alucita, 582.

Alula, 572.

Alydus, 572.

Ambulacral brains, 277.

Ambulacral branching
277.

Ambulacral feet, 273.

Ambulaeral Gills, 275.

Ambulacral groove, 291.

Ambulacral ossicles, 271,
290.

Ambulacral plates, 271.

Ambulacral surface, 2(i'.i.

Ambulacral vascular

system, 272.

Ametabola, 547.

Ammophila, 596.

Ammothea, 496.

Amoeba, 186.

Amcebidium, 209.

Ampharete, 382.

Amphibia, Vascular sys-
tem of, 65.

Amphibiotica, 561.

Amphidiscs, 218.

Amphihelia, 232.

Amphileptus, 195, 204.

Amphinomidae, 374.

Amphioxus, Vascular

system of, 63.

Amphipeltis, 451.

Amphipoda, 451.

Amphipods, Parasites of,

362.

Amphiporus, 342, 340.

Amphistomum, 317.

Amphitrocha, 378.

Amphiura, 278, 279,

285, 294.

Anal, vesicles of Chzeti-

fera, 388.

Analogy, 52.

Anapera, 575.

Anatifa, 445.

Anceus. 469.

Anchitherinm, 172.

Anchorella, 436.

Ancylostomum, 352.

Andoctonus, 510.

Andrena, 597.

Anelasma, 445.

Auguilla, 351.

Anguillula, 357.

Anilocra, 460.

Animals and plants, 15.

Anisopoda, 459.

Annelida, 3C2.

Anobium, 589.

Anochanus, 279.

Anopla, 342, 339, 341.

Anoplotcrmes, 500.
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Anoplura, COS.

Antcilon, 2>'.>.

Anteunre, 84.

Antennal Gland of

Thoracostraca, 4(Jl

Antennularia. 242.

Antliophora, "/.IS.

Anthozoa, 223, 229, 230.

Anthrax. 57(5.

Antimere, 25.

Antipatharia, 232.

Antipathep, 232.

Antliata, 572.

Ant-lion, 504.

Ants, 595.

Apathcon, 177.

Apatura, 585.

Aphalaspidrc, 177.

Aphaniptera, 578.

Aphides, Ecproduction
of, 106, 128.

Aphis, 569, 570.

Aphodius, 5'JO.

Aphrodite, 379.
'

Aphrophora, 571.

Apical plate of Annelids,
363.

Apical pole of Echindcr-

mata, 2(58.

Apiocrimis, 289.

Apiocystites, 289.
'

Apion. 588.

Apis, 598.

Apnda, 299, 44C.

Apolemia, 246, 249.

Aporosa, 232.

Apseudcs, 456.

Apsilus, 401.

Apt era, 567.

A pus, 419.

Arachnida, 484.

Aradus, 572.

Araneida, 498.

Arcella, 1S6.

Archreoniscus, 451.

Archaiopteryx, 175.

Archegosaurus, 177.

Archenteron, 116, 117.

Archiannelida, 365, 376.

Arrhigetcs, 339.

Arenicola, 381.

Aretlmsa, 249.

Ar-jas. 495.

Aru-nlus, 43S.

Argyiinis, 5S5.

Argyroneta, 499, 504.

Arista, 573.

Aristotle, classification

of, 132.

Aristotle's lantern, 276.

Armadillo, 457, 460.

Arrcnotokia, 5:3.

Artemia, 419.

Arterial, 73.

Artery, til'.

Arthropoda, 405.

Arthrostraca, 449.

Articulata, 289.

Ascalaphus, 564.

Ascaltis, 222.

Ascandra, 222.

Asearis, 347, 346, 351.

Ascetta, 222.

Ascilla. 222.

Ascomorpha, 404.

Ascon, 222.

Ascortis, 222.

Asculniis, 222.

Ascyssa, 222.

Asellus, 460.

Asilus, 576.

Aspidochirota?, 298, 299.

Aspidiotus, 543, 569.

Asplanchna, 404.

Astacus. 477.

Astasia, 169.

Asteracanthion, 285,
293.

Asteriadae, 293, 279.

Asterias, 293.

Asteridea, 279, 292.

Asteroidea, 279, 290.

Astcrope, 427.

Astraea, 229, 232.

Astneiclac, 232.

Astroides, 233. ;

Astronyx, 294.

Astropecten, 275, 292,
293.

Astrophyton, 294.

Atax, 495.

Ateuchus. 590.

Athalia, 594.

Athorybia, 248, 249.

Atolls, 230.

Atrocha, 377.

Attacus, 5S4.

.Attagenus, 590.

Atypus, 504.

Auditory organs, 85,

Aulastcmum, 400.

Aurelia, 261.

Aiirclio ycvcrino, 133.

Auricularia. 281, 282,

2S3, 29S.

Autolytus, 372, 379.

Avc-s. vascular system
of, 67.

s, 206.

I'.aoteria, 2,j6, 557.

I'.aer, C. E. von, 137.

Balaninus, 588.

Baianoglossus, 299, 302.

Balantidium, 205.

Balanus, 44(5.

Bark lice, 127. 570.
Barrier reefs, 230.

Bathybius, 186.

Bathycrinus, 289.

Bdella, 495.

Bear-caterpillars, 583.

Bed-bug, 572.

Bedeguar of roses. 594.

Bee-louse, 575, 599.

Bees, 597.

Beetle-mites. 495.

Bee-wolf, 599.
Bell Animalcule, 198.

Bembex, 596.

Beris, 577.

Beroe, 264, 266.

Bibio, 574, 577.

Biesrliegen, 576.

Biogenesis, 96.

Bipalium, 315. .

Bipiiinaria,2Sl,283, 292,
293.

Bird spider, 504.

Birgus, 478.

Bittacus, 563.

Bivium, 269.

Bladder-Worm, 332.

Blaps, 589.

Blastoidea, 289.

Blastopore, 114.

Blastosphere, 113.

Blastostyle, 236.

Blastotrachus, 227, 232.

Blatta, 557.

Blatthornkafer, 589.

Blattkafer, 588.

Blaulinge, 585.

Blendwanzen, 572.

Blood-corpuscles, 32.

Bockkafer, 588.

Body cavity, 50.

Body cavity, primary,
50, 116.

Bombardirkiifer, 590.

Bombus, 598.

I'.oiubycina, 583.

Boinbvx, 581, 584.

r.i'iie, development of,

40, 42.

ia, 392.

t, 133.

ice, 559.

s, 460.

Borkenkiifer, 5S8.

Borlasia, 340, 342, 343.
Bos taurus, origin of, 143.
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Boshychus, 58^.

Bothrioeephalidae, 33G.

Bothriocephalus, 330,
331. 3:57, 334, 327.

!'<>: rytis. 584.

Bnty's, :,S2.

Braehinus, 590.

Brachiolaria, 281, 292,
293.

Brachionus, 404.

Brachycera, 573.

Brachyura. 478.

Bracon, 595.

Brain. SO, 82.

Branchellion, 400.

Branching G9.

Branclmo of Chastopods,
367.

Branehiobdella, 400.

Branchiopoda, 418.

Branchiostegite, 463.

Branchipus, 419.

Branchiura. 43G.

Branla, 575, 599.

Brisinga, 293.

Brissus, 297.

Brittle stars, 293.

Brontothericlre, 173.

Bro\vu tubes of Gephv-
rsea, 388.

Buckelzirpen, 571.

Budding, 96.

Buffon, 139.

Bugs, 571, 5G7.

Bunodes, 225.

Buprestis, 589.

Bursai of Ophiuridea,
294.

Bursaria, 205.

Butterflies, 579.

Calandrse, 588.
Calanidte. 435.

Calappa, 478.

Calcareous sacs of Lum-
bricus, 383.

Calcareous sponges, 222.

Calcisponghc, 222.

Callidina, 404.

Caligus. 43G.

Callianassa, 477.

Calopteryx, 562.

Calotermes, 559. 5G1.

Calycophoridse, 2-19.

Calycozoa, 254, 257.

Calymene, 484.

Calyptopis, 474.

Cambenvell beauty. 5^5.
Camel-neck flies, 56:>.

Campauularia, 242.

Campanularise, 241.

Campodca, 554.

Cancer, 478.

Cantharidse, 5SS.

Cantharis. 5>'..

Canthocamntus, 435.

Capillary, G3.

Capitella, 377.

Capitellidae, 375.

Capitibranchiata, 381.

Caprclla, 454.

Capsus, 572.

Carabus. 590.

Carchesium. 205.

C'arcinus. 478.

Cardo. 523.

Carididre, 477
Carina of Cirripcdia, 439.

Carmarina. 242.

Carotid arteries, GO.

Carp-lice, 438.

Cartilage, 39.

Cartilage calcified, 40.

Caryocrinus, 289.

Caryophyllfeus, 32G, 328,

334, 338.

Caryophyllia, 232.

Catenula, 312. 313.

Caterpillar. 549, 581.

Catocala, 583.

Catometopa, 478.

Cecidomyia, 578.

Cecidomyia, reproduc-
tion of, 10G, 128, 544.

Cecrops, 43G.

Cell, 12, 29.

Cellular tissue, 37.

Central plate, 271.

Centrolecithal, 112.

Centrotus, 571.

Cephalic branchrc of

cha3topo
r
la. 369.

Cephalopoda, eye of, 90.

Cephalothorax. of Arth-

ropoda, 4U7.

Cephalotrichidre. 343.

Cephalothrix, 343.

Cephalotrocha, 378.

Cephea, 261.

Cerambyx. 588.

Ceraospongia, 221.

Cerapus, 453, 455.

Ccratium, 196.

Cercaria, 129. 320.

Cercaria macroccrca,
321.

Cerceris, 596.

Cercomonas, 194.

Cjrebratulus. 343.

Cerianthus, 225, 232.

Cestidre, 263.

Ccstoda, 32>J.

Cestum, 234, 265, 2GG.

Cetochilus, 435.

Cetonia, 590. 5'. G.

Chffltifera. 389.

Chcetogaster. 3-6.

ChiEtognatha, 357.

Chajtouotus, 404.

Chsetopoda, 3(57.

ChEetopterus, 382.

Chsetosomida?, 357.

Chalicodoma, 598.

Chalinere, 220.

Charybdea, 259.

Charybdeidffi. 2:2, 251,

Cheese-flies, 57G.

Cheese-mites, 492.

Cheimatobia, 5s:;.

Cheiracanthu.s, 3J5.

Chelicers, 484.

Chelifer, 511.

Chelura, 453, 455.

Cherraes, 543, 570

Chermes, reproduction
of, 127.

Chernetidrc, 511.

Chiaja, 26ti.

Ckigoe, 579.

Chilocoras. 5S7.

Chilodon, 205.

Chilognatha, 520.

Chilopoda, 518.

Chirodota, 299.

Chironomus, 57S.

Chitin, 79.

Chlamydomonas, 191.

ChloiJon, 561.

Chlorophyll. 20, 21.

Chlorops, 57G.

Chondracanthus, 433.

Chorion, 98, 542.

Choroid of eye, 88.

Chromulina. 195.

Chrondrosia, 221.

Chrysaora, 261.

Chrysididic. 596.

Chrj'sis, 596.

Chrysomelav 5S8.

Chrysomitra. 246, 250.

Chrysopa, 564.

Chrysops. 577.

Chrysosoma, 576.

Chthonius, 511.

Chyle, 57, 67.

Chylific ventricle, 533.

Chyme, 57.

Cicada. 567, 571.

Cicadellid;e, 571.

Cicadidiu, 571.

Cidaridsa, 273. 274, 293,
296.

Cidaris. 2'.) !.
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Ciliary body, 90.

Ciliata. 196.

Cilioflagellata, 1'Jfi.

Cimbex, 594.

Cincindela. 590.

Cineras. 445.

Cirri of Chffitopods. 3C7.

Cirri of Vermes, 307.

Cirripedia, 438.

Cirrus, sac of Trema-
todes. 318.

Cirrus, sheath of Cestoda,

329.

Cirrus of Trematodes,
318.

Oistela, 589.

Citigradfe, 504.

Citronvogel, 585.

Cladocera, 419.

Claspers of Tanaidte, 459

Clathrulina, 188.

Clava. 241.

Clavidse. 241.

Claviger, 590.

Clavulfe, 272.

Clavulas of Ecliinoidea.

296.

Claw, 34.

Clepsidrina, 208.

Clepsine, 400.

Clems, 589.

Climate, influence of,

148.

Climate in relation to

fauna, 160.

Clisiocampa, 584.

Clitellus of Lumbricus,
323, 385.

Clothes moth, 582.

Clubiona, 504.

Clypeaster. 297.

Clypeastridze, 295, 296.

Clypeastridea, 268, 273,
296.

Clythia, 242.

Clythra, 588.

Cnethocampa, 584.

Cnidaria, 222.

Cnidoblast, 212, 223.

Cnidocil, 223.

Coccid.-e, 5(57, 568.

Coccidia, 209.

Coccinclla, 587.

Coccus. 569.

Coccygenl glands, 77.

Cochineal. 569.

Cockchafer, 590.

Cockroach, 557.

Cocli.siga, 196.

Coelenterata, 209.

Coelom,60.

Coenenchym, 227.

Ccenobita, 478.

Coanurus, 331, 333

Cold-blooded, 74.

Coleoptera, 585.

Colias, 585.

Collembola. 553.

Collosphasra, 191.

Collozoum, 191.

Colpodella, 194.

Colpoda, 205.

Columella of Actinozoa,
228.

Colymbetes, 590.

Comatula, 276, 286, 288,
289.

Complemented males of

Cirripedia, 442.

Compsognathus, 177.

Conchoderma, 445.

Conjugation, 202.

Connective tissues, 37.

Conochilus. 404.

Conops, 576.

Contractile Vacuole. ISO.

Convoluta, 311,314.313.
ConvolutidEE, 313.

Copepoda, 428.

Copris, 590.

Coral, mushroom, 232.

Coral organ, 231.

Coral Polyps, 223.

Coral, red, 231.

Coral reefs, 230.

Coral, star, 232.

Coral, white. 232.

Corallium, 231.

Cordylophora, 241

Corethra. 578.

Coreus, 572.

Corixa. 572.

Cornea, 87.

Cornularia, 231.

Cornuspira, 187.

Coromila, 446.

Corophium, 454.

Correlation, 51.

Corrodentia, f>o9.

Corycseus, 436.

Corydalis, 563.

Corymorpha, 240, 241.

Cossus, 584.

Costa, 528.

Costa of Actinozoa, 228.

(V\a, 526.

Cnibro, 5'J7.

Crab-spiders, 504.

Crambns. 5*2.

Crangon, 477.

Craspedota, 23S.

Craspcdota, 258.

Cratcrolophns. 258.

Crayfish, 477.
'

Crevettina. 454.

Cribrellum, 499.

Crickets, 558.

Crinoidea, 279. 286.

Crinoids, 289.
'

Criodrilus, 385.

Crocodilia, heart of, 67.

Crop, 57, 530.

Crustacea, 411.

Cryptocephalus, 588.

Cryptoniscus, 460.

Cryptopentamera, 588.

Cryptophialus, 446.

Crystalline cone, 87.

C'teniza, 504.

Ctenodiscus, 275, 293.

Ctenophora, 261. 57*.

Cteriophor type, 211.

Cubitus, 528.

Cuckoo-spittle, 571.

Cucullanus, 348, 353.

Cucullia, 583.

Cucumaria, 299.

Culex, 578.

Culicidje, 574.

Culiciformes, 578.

Cumacea, 469.

Cunina, 239, 242.

Curculionidffi, 588.

Cursoria, 556.

Cutaneous gland, 77.

Cuticle, 35.

Cuvier, 135.

Cuvieria, 297.

Cuvier, organs of, in

Holothuroidca, 298.

Cyamus, 454.

Cyanca. 261.

Cyathophyllidae, 230.

Cyclometopa, 478.

Cyclops, 435.

Cydippe, 265, 266.

Cylicomastiges, 196.

Cylicozoa, 2.")".

Cymothoa, 460.

Cynipidse, 594.

Cynips, 594.

( lyphophthalmus, 506.

Cypridina, 427.

Cypris, 428.

Cypris-stagfi of Cirri-

pedia. 443.

Cyrtopia, 474.

Cysticcrcus, 332. 335.

Cystic-worm, 332.

Cystidea, 289.

Cystosiima, 4 ."..'?.

Cystottcnia. 335.

Cy there, 427.
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Dactylocalyx, 221.

Dactylozooids, 246.

Dapbuia. I--.

Darwin, 145.

Dasychira, 583.

Dasypoda, 597.

Death-head moth, 584.

Death-watch, 589.

Decapoda. 475.

Deep sea Fauna, 163.

De Geer, 133.

Degradation, 158.

Delamination, 114.

Demodex, 492.

Dendrochirotre, 299.

Dendroccela, 311, 314.

Dendrocoelum, 315.

Dendrometridae, 583.

Dendrophyllia, 233.

Dentine, 41.

Dermal branchiae. 277.

Dermanyssus, 495.

Dermatobia, 576.

Dermatodectes, 492.

Dermatophili, 492

Dermatoptera, 556

Dermestes, 590

Derostomea, 312.

Derostomum, 313.

Descent, evidence in fa-

vour of theory of. 151.

Desmoscolecidse, 357.

Desor. Type of, 341

Deutoplasm, 111.

Development, 107.

Diaptomus, 435.

Diastylis, 470.

Difflugia, 186.

Digenous reproduction,
97.

Digging-wasps, 596.

Digonopora, 316.

Diloba, 583.

Dimorphism, facts of, in

favour of theory of

descent 152, sexual

101, 153.

Dinoceras, 173.

DinosauridfB, 175.

Dioscious, 100.

Diopatra, 374, 379.

Diphyes, 246, 250.

Diplophysa, 250.

Diplozoon, 324.

Dipneumones, 504.

Diporpa, 325.

Diptera, 572.

Direct development, 120.

Directive body, 109.

Discoidal segmentation,
112.

Discoidere, 250.

Discomedusa, 260, 261.

Discophora (Coelente-

rate), 259, 394.

Discophora, see Hiru-
dinea.

Dissepimenta of Actin-

ozoa. 228.

Dissepiments of Anne-

lida, 364.

Distomea, 318, 321.

Distomum, 317, 322.

Distomum cygnoides,
321.

Distomum hrematobium,
321.

Dochmius, 350, 352.

Dolichopus, 576.

Dolomedcs, 502, 504.

Doritis, 585.

Dorsibranchiata, 370, 379

Dorylaimus, 357.

Dracuuculus. 356.

Dragon-fly, 562.

Dromia, 4*78.

Drone, 598.

Ductus Botalli, 66,

Dung-flies, 576.

Duodenum, 57.

Dynamena, 242.

Dysdera, 499.

Dytiscus, 590.

Earwigs, 556.

Ecdysis of Arthropoda,
407.

Echinaster, 273, 293.

Echincibothrium, 338,
326.

Echiniscus, 497.

Echinococcifer, 335.

Echinococcus, 336, 331,
333.

Echinocucumis, 297.

Echinocyamus, 297.

Echinoderidse, 404.

Echinodermata, 266.

Echiuoidea, 294.

Echinometra, 295, 296.

Echinorhynchus, 3G2.

Echinus, 29(5.

Echiuroidea, 389.

Echiurus. 387, 392.

Eciton. 596.

Ectoderm, 213, 49, 11G.

Ectolecithal, 112.

Ectolithia, 189.

Ectoplasm, 54.

Eisvogel, 585.

Elastic fibres, 39.

Elater, 589.

Eleutheroblastete, 240.

Ellipsocephalus, 484.

Elytron, 369, 528.

Embolic invagination,
114.

Embryology in relation

to descent theory, 157.

Embryonicdevelopment,
119.

EmpidcB, 576.

Enchelidium, 357.

Enchytraeus, 384.

Encrinus, 289.

Endoderm, 116. 49, 213.

Endogenous cell forma*

tion, 30, 31.

Endomychidai, 588.

Endoplasm, 54.

End-organs, 47.

Endoskeleton, 79.

Endothelium, 34.

Enopla, 339, 342.

Enoplus, 357.

Enteroccele, 116.

Euteroplea, 404.

Enteropneusta, 299.

Eutocoucha, 299.

Entolithia, 189.

Entomophaga, 594.

Entomostraca, 416.

Entoniscus. 459, 460.

Entozoa, 308.

Epcira, 505.

Ephemera, 531, 562.

Ephemeridas. 561.

Ephialtes, 595.

Ephippigera, 558.

Ephryopsis, 261.

Ephyra, 125, 253, 251.

Ephyra-Medusie. 259.

Epiblast, 114.

Epibole, 115.

Epimerum, 525.

Epipharynx, 524.

Episternum, 525.

Epistom of Decapoda,
476.

Epistylis, 205.

Epithelium, 34.

Equitidte. 585.

Equus,phylogeny of
,
1 72.

Erebia, 585.

Erichthus, 472.

Eristalis, 576.

Errantia, 378.

Erythrreus, 495.

Eschscholtzia, 266.

Estheria, 419.

Eucephala, 577.

Eucharis, 266.

Euchlanis, 404.
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Eucope, 242.

Eucopepodn. 435.

Eucopidae, 234, 224, 2i2.

Eucj-rtidium, 100.

Eudendrium, 241.

Eudoxia, -':>' i.

Euglena. 196.

Euglypha. 186.

Euisopodn, 4GO.

Eunice, 379.

Euphnusia, 475.

Buphausia, eyes of. 409.

Euplectella, 221.

Euprepia. 583.

Eurhampheea. 206.

Euryalidaj. 273, 275, 294.

Eurylepta, 316.

Eurypterus. 480.

Eusmilia, 232.

Euspongia, 221.

Eustrongylus, 352.

Eutermcs, 559.

Eutvphis. 456.

Evadne, 422.

Evania, 595.

Exoskeleton, 78.

Eyes, 85.

Fabricia,372.

Facetted eye, 88.

Faltenmlickc, 578.

Van of Arthropoda. 409.

Fan-tracheae, 70, 410.

Fasciola, 316.

Fascicles, 272, 296.

Fat, 39.

Fauna of deep sen, 163.

Fauna, relation of to re-

cent fossil forms, 170.

Feathers, Sea, 231.

Federgeistchen, 582.

Femur, 526.

Fertilisation of ovum,
109.

Fcttschabe. 582.

Fcucnvanze, 572.

Fibrillar tissue, 38.

Field cricket, 558.

Figites, 594.

Filaria. 347, 349, 352. 356.

,,
host of, 356.

Filariida>, 355.

Filigrana. 382.

Final causes, doctrine

of, 51.

Fir-tree lice, 570.

Fission, 96.

Flabcllum, 232.

Flagellata, 193.

Flata, 571.

Flea, 579.

Fleischfliege, 576.

Flies, 575.

Floscnlaria. 40 f.

Floscularidae, 404.

Fcenns, 595.

Foramen Panizx/.e, 67.

Foraminifera, 184.

Fore-gut, 56.

Forficula, 556.

Formica, 596.

Formicidas, 595.

Forskalia, 249.

Foesils, Conditions of

formation of, 168
; Re-

lation of, to living

species, 170.

Fossoria, 596.

Free cell formation, 30.

Fringing reefs, 230.

Fritillary, 585.

Frost-butterflies, 583.

Fulgora. 571.

Fumca. 5S4.

Fungia. 232.

Fungicoloj, 578.

Fungidae 232.

Furcilia, 474.

Gabelschwanz, 584.

Gadflies, 570.

Galathca, 477.

Galaxea, 232.

Galea. 523.

Galeodes, 512.

Galleria, 582.

Gall flies, 578.

Gall -flics, Eeproduction
of. 128.

Gallicola, 594.

Gallicolse, 578.

Galls, 594.

Gall-wasps. 594-

(jamasus. 495.

Gammarus, 455.

Ganglion cells, 45.

Gastra;a theory, 118.

Gastropacha, 584.

Gastrophilus, 576.

Gastrotricha, 404.

Gastsotrocha, 378.

Gastrovascular space of

Coelenterata, 209.

Gastro-vascular system,
(JO.

Gastrula, 49, 114. 118.

Gastrus, 576.

Gebia. 477.

Gccarcinus, 409, 479.

Gelasimus, 479.

Gelatinous sponges, 221

Gemmulcs
;
218.

Genera. Oiigin of. 149.

Generatio cquivoca. 10.

Geocentrophora, 313.

Geocores, 672.

Geodesmus, 31(1.

Geographical distribu-

tion. 159.

Geological periods. Cha-
racteristics of 177.

Geological record. Im-

perfection of, It'*.

Geological table, 105.

Geometra, 583.

Geometrician, 580.

Geonietrina, 5^2.

Geophilus, 519.

Geoplana, 316.

Geoplauidaj, HI 5.

Geotrupes, 59<).

Gephyrea, 386.

Germ-cell, 105.

Germinal bands, 547.

Germinal disc, 112.

Germinal streak, 115.

Germinal vesicle, 110.

Germs of Trematodcs,
319.

Germ-stock, 96.

Geryonia, 239, 242.

Geryonopsida3, 242.

Gcssuer 133.

Gibocellum, 506.

Gigantostraca. 479.

Gills 69. Trachea], 70.

Glabellum, 484.

Gland, 36.

Glands, cutaneous, 77.

Glassy sponges. 221.

Glaucoma, 205.

Gleba, 250.

Globigerina. 187.

Glomeris, 516. 521.

Glomcrulus, 77.

Glossa, 524.

Glow-worm, 5S9.

Glycera, 377, 379.

Glyciphagus. -I
1

.!.').

Glyptodon, 17c.

Gnat, 578.

Gnathobdellidae, 400.

Gnathostoma, 345.

Gnathostomata, 435.
< Jnclhc, 137.

Goldfliege, 570.
( ii ild-wasps, r/'tl.

Gonium, 1!(5.

Gonophore, 2".7.

Gonophores of Siphone
phora, 240.

Gonospora, 208.

Gonyleptus, 506.
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Gordiidic, 353.

Gordius, 310. 315, 348,
357.

Gorgonia, 231.

Gorgonidas, '22 (-.

Grain-worms, r>82.

Grantia, 217, 222.

Grapholitha, 582.

Grapsus, 479.

Grasshoppers, 557.

Gregarinida?, 207.

Gressoria, 557.

Gromia, 187.

Gryllotalpa, 527, 558.

Gryllus, 558.

Gymnocopa, 380.

Gymnophthalmata, 238.

Gynaecophorus, 322.

Gyrator, 314.

Gyrodactylus, 325.

Gyropeltis, 438.

Hsematopota. 577.

Haematozoa, 356.

Hsementaria, 400.

Haemoglobin, 33.

Hasmopsis, 400.

Hairstreak butterflies,
585.

Halichondria?, 221.

Halicryptus, 3 04.

Halisarca, 221.

Halistemma, 240.

Halla, 379.

Halocypris, 427.

Haloniitra, 232.

Halosauridfe, 1/5.

Halteres, 528, 572.

Halteria, 205.

Haltica, 588.

Hamm, 133

Harlequin, 583.

Harpacticus, 435

Harpalus, 590.

Harpyia, 584.

Harvey, 133.

Haustellum, 573.

Haversian canals, 41.

Hawk-moths, 581.

Heart of vertcbrata,
Evolution of. Gt.

Heat, animal, 73.

Hcliaster, 293.

Heliosphaera, 190.

Heliozoa, 187.

Hemerobidas. 5i;4.

Hemerobius, 504.

Hemiaspis, 480.

Hemiaster, 279.

Hemielytra, 571.

Hcmiptera, 5G6. 571.

Henops, 57(1.

Hepato-pancreas, 59.

Hepialus, 5S1.

Herbert on fertility of

Hybrids, H2.

Heredity, 145.

Hermaphiroditism 99, in-

complete. 100.

Hermella, 382.

Hermit Crabs, 478.

Hcsperia, 585.

Hesperornis. 17G.

Hessian fly, 578.

Heterodeva, 357.

Heterogamia, 555, 557.

Hetcrogamy, 127, 130,

131, 543.

Heterogamy, incom-

plete, 131.

Heterogyna, 596.

Heteromera, 588.

Heteroncreis, 373, 379.

Hetcrotricha, 205.

Heuschreckcn, 557.

HexactincllidiE, 220.

Hexactinia, 231.

Hexapoda, 521.

Hibernation, 74.

Hilaire, E. G. St., 137.

,. ,,
on mu-

tability of species, 1 i-t.

Hindgut, 50.

Hippa, 478.

Hipparchia, 585.

Hipparion. 172.

Hippidae, 477.

Hippobosca, 575.

Hippodidas, 249.

Hirudinea. 394.

Hirudo, 400.

Hispa, 588.

Hister, 590.'

Histolysis, 550.

History of Zoology, 131.

Holoblastic, 111.

Holopus, 289.

Holotlmria, 299.

Holothurians, 279.

Holothuroidca, 297.

Holotricha, 204.

Holzniegen. 577.

Homarus. 477.

Homologj', 52.

Homoptcra, 570.

Homothermic, 74.

Honey-dew, 5C9.

Hoof, 34.

Hormiphora, 200.

Hormiscium, 2uO.

Hornets, 597.

Horny sponges, 221.

Horse-louse, 575.

House-lly, 570.

Humble bee, 598.

Hummelfliegen, 670.

Humming-bird Hawk-
moth, 584.

Hyalonema, 222.

HyalospoiiLjia, 221.

Hybrid 142, Fertility of,

142.

Hydatid plague, 33G.

Hydatina, 404

Hydra, 240.

Hydrachna, 495.

Hydractinin, 241.

Hydranth, 244.

Hydrobius, 590.

Hydrocorallire, 240.

Hydrocores, 571.

Hydromedusna. 230,

Hydrometra. 572.

Hydrophilus, 590.

Hydrophilus, develop
naent of. 545.

Hydrophyllia, 240.

Hydropsychc, 565.

Hydrosoma, 244.

Hydrotheca. 241, 234.

Hydrozoa, 233.

Hylobius, 588.

Hymenocaris, 448.

Hymenoptera, 59,).

Hypcria, 455.

Hyperidie, 455.

Hyperina, 455.

Hypermetamorphosis,
548, 588.

Hypoblast, 114.

Hypoderma. 57G.

Hypodcrmis Arthropoda,
407.

Hypodermis of Vermes,
303.

Hypodermis or Xema-
toda, 345.

Hypopharynx, 524.

Hypopus, 493.

Hypotricha, 205.

Hystrix, 379.

Ibla. 445.

Ichneumon, 595

Ichthydina, 40k

IclithyobdcllidEe'. 399.

Ichthyornithcs, 175.

Ido tea, 460.

Idyopsis, 260.

Ilia, 478.

Ilcum, 57.

Imaginal disc, 550.

Imago, 518.
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Impcrfurata, 187.

Inachus, 478.

Intequitelie, 504.

Individual, 24, 25.

Infundibulum of Cteno-

pbora, 2(53.

Infusoria, 191.

Insecta. 521.

Instinct, 94.

Iphimedia, 453.

Irenaeus, 435.

Iris. 88.

Irregular Sea-urchins,
268

Isidor of Seville, 133

Isis, 231

Isogonism. 240.

Isopoda, 450.

Isopods, Parasites of,

362.

Itch-mites, 492.

Ixodes, 493.

Japyx, 528, 554.

Jassus, 571.

Jejunum, 57.

Jera, 460.

Julus, 521.

Kammmiicke, 578.

Kermes, 569.

Kidneys, 75.

Kleinzirpen, 571.

Kochloriue, 446.

Kohlschnaken, 578.

Kolumbaczer, 577.

Kornmotte, 582.

Kupferglucke, 584.

Kurzdeckniigler, 590.

Labidura, 556.

Labium, 523.

Labrum. 523.

Lac, 569.

Lachnus, 570.

Laciriia, 523.

Lacon, 589.

Lady-bird, c87.

Lajmodipodn, 454.

Lagena, 187.

Lamark, 144.

Lamellicornia, 5s'.t.

Lamia, 527, 588.

Lampyris, 536, 589.

Land-bugs, 572.

Land Crabs, 479.

Langwanzen, 572.

Lantern-carrier, 571.

Laomedea, 242.

Laphria, 576.

Larentia. 583.

Larva, 119.

Larva of Loven, 362.

Lasia, 576.

Lateral lines of Nema-
toda, 346.

Laterigradne, 504.

Laurer's canal, 318.

Leaf-flea, 570.

Leaf-lice, 570.

Leaf-wasps, 594.

Lecanium, 543, 569.

Ledermuller, 133.

Ledra, 571.

Leech, 394.

Leeuwenhoek, 133.

Lemnisci of Acanthoce-

phala, 360.

Lens. 87.

Lepadidie, 445.

Lepas. 445.

Lepidocentrus, 295.

Lepidoptera, 579.

Lepisma, 554.

Leptidre, 577.

Leptodera, 350. 357.

Leptodiscus, 198.

Leptodora, 422.

Leptoplana, 311, 316.

Leptostraca, 448.

Leptus, 495

Lernrea, 436.

Lernaeoeera, 436.

Lernieodiscus, 447.

Lernrcopoditlfe, 436.

Lestoruis, 177.

Lestrigonus, 455.

Leucaltis, 222.

Leucandra, 222.

Leucetta, 222.

Leuchtzirpen, 571.

Leucifer, 471, 476..

Leucilla, 222.

Leucochloridium, 321.

Leucon, 470.

Leuconia, 222.

Leuconidae, 217.

Leucons. 222.

Leucortis, 222.

Leucosolenia, 217, 222.

Leuculmis, 222.

Leucyssa, 222.

Levantine sponges, 221.

Libellula, 541, 562.

Libcllula, Development
of, 545.

Libellula, Rectal respi-
ration of. 72.

Lice. 568.

Lice-flies. 57.".

Ligia, 459, 460.
I Ligula, 338.

Ligulidrv, 32S.

Limenitis, 585.

Limexylon, 589.

Limicolae, 385.

Limnobates, 572.

Limnobiidas, 578.

Limnochares, 495.

Limnodrilus. 385.

Limnoria, 455, 460.

Limulus, 483.

Lina, 588.

Linckia, 292, 293

Linens. 343.

Linguatulida, 487.

Linnaeus. 134.

Liotheum. 568.

Liparis, 583.

Liriope, 242.

Lithistidae, 220.

Lithobius, 520.

Lithudes, 478.

Lithotrya, 444.

Liver, 59.

Liver Fluke, 317, 322.

Livia, 570.

Lobophora, 258, 297.

Lobosa. 185.

Lobster, 477.

Locusta, 558.

Longhorns, 577.

Longicornia, 588.

Loopers. 582.

Lophogaster, 475.

Lophoseris, 232.

Loricata, 477.

Loven's larva, 308, 362.

Lucanus, 589.

Lucernaria, 258.

Luidia, 275, 293.

Lumbriculus, 385.

Lumbricus, 385.

Lungs, 69.

Lungs. Effect of ap-

pearance of, on vascu-

lar system, 65.

Lycsenidae, 585.

Lycaretus, 374.

LycoridEe. 379.

Lycosa, 501.

Lyda, 594.

Lyell, 144.

Lyell's doctrine of gra-
dual changes, 166.

Lygaeus, 572.

Lymnajus, Pulmonary
cavity of, 72.

Lymph, 67.

Lymphatic system, 67.

Lysianassa, 451, 455.

Lysidice, 379.

Lystra, 571.
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Lytta, 589.

Machilis, 554.

Macrobiotus, 497.

Macroglossa, 58-1.

Macrostomura, 312.

Macrura, 477.

Macula acustica, 85.

Madrepora, 233.

Madreporaria, 228, 232.

Madrepores, 229.

Madxeporic plate. 273.

Madreporidrc, 233.

Mseandrma, 232.

MaeandrinidBe, 229.

Maggot, 549.

Magpiemoth, 583.

Maja, 478.

Makchius, 589.

Malacobdella, 342, 343.

Malacodermata, 589.

Malacostraca, 447.

Mallophaga, 568.

Malpighi, 133.

Malpighian body, 76.

Malpighian tubes, Arth-

ropoda, 409.

Malpighian tubules, 75.

Mammalia, Vascular

system of, 67.

Man, First traces of, 178
Mandibles of Crustacea,

412.

Manna, 569.

Mantis, 527, 557.

Mantispa, 564.

Manubrium, 211.

Marginal bodies, 234,

239, 254.

Marine Fauna, 162.

Marrow, 41.

Marsupialida, 258.

Marsupialis, 252.

Mask, 562.

Masticatory organs, 56.

Maxilla of Crustacea,
413.

May Flies, 561.

Meal-worm, 589.

Meckelia, 343.

Medusa aurita, 261.

Medusae, 236.

Medusa, Relation, of to

Polyp, 236.

Medusa type, 211.

Medusitcs circular!
s, 256.

Medusoids, 211.

Megachile, 598.

Megalonyx, 170.

Megalotrocha, 401.

Megatherium, 170, 173.

Mclicerta, 404.

Melipona, CD'.
1

.

Mclitpea, 585.

Melithaea, 231.

Meloe, 589

Melolontha, 590.

Melophagus, 575.

Membracis, 571.

Mcmbranacci, 572.

Membranous labyrinth,
85.

Menopon, 5(18.

Mentum, 524.

Mermis, 345, 356.

Mermitliida?, 356.

Mcroblastic, 111.

Meromyaria, 345.

Merostomata, 479.

Mesenteric filaments,
224.

Mesoderm, 116. 213.

Mesostomea, 313.

Mesostomum, 313.

Mesothorax, 525.

Mesotrocha, 378.

Metabolism, 10.

Metachrota, 378.

Metagenesis, 123, 130,
131.

Metamere, 27, 305.

Metamorphosis, 126.

Metamorphosis retro-

gressive, 158.

Metanauplius, 432.

Metathorax, 525.

Metazoa, 54.

Metcecus, 589.

Miastor, 578.

Miastor, Panlogenesis of.

544.

Micrococcus, 206.

Microgaster, 595.

Microlepidoptera, 582.

Micrommata, 504.

Microstomea, 312.

Microstomidse, 309.

Microstomuni, 314.

Microtrcnia, 336.

Micrura, 343.

Midgut, 56.

Migration, 74.

Miliola, 187.

Millepora, 241.

Milleporidse, 233.

Milnesium, 497.

Mimicry, 155.

Miris, 572.

Mites, 489.

Mole cricket, 558.

Molpadia, 299.

Monadinaj, 193.

Monads, 194.

Monas, 194, 206.

Monera, 182.

Mongrels, Sterility of,

143.

Monocaulus, 240.

Monocelis , 311, 313.

Monocystidea, 208.

Monocystis, 208.

Monogenous reproduc-
tion, 97.

Monogonopora, 315.

Monophyes, 250.

Monostomum, 317. 321.

Monothalamia, 186.

Morphology, 52.

Morphology, Evidence

of, for descent theory
151.

Mososaurus, 175.

Mucous connective tis-

sue, 37.

Miillerian duct, 101.

Mundhorn-fliege, 576.

Musca, 576.

Muscardine, 584.

Muscaria, 575.

Musciformes, 577.

Muscle-epithelium, 43.

Muscular tissue, 4:;.

Mushroom coral, 232.

Mutilla, 596.

Mycetophila, 578.

Mygale, 504.

Mygalidse, 499, 504.

Mylodon, 173.

Myoblast, 43.

Myriapoda, 514.

Myrmecia, 504.

Myrmecophila. f 96.

Myrmcdonia, 5'.io.

Myrmeleon, 5(1 1.

Myrmica, 596.

Mysis, 474.

Mysis, Auditory organ
of, 414.

Mystacides, 565.

Myxospongia, 221.

Myxospongiie, 220.

Myzostoma, 380.

Nadina, 313.

Naidere, 385.

Nail, 34.

Nais, 386.

Natural selection, 145.

Natural system, 150.

Naucoris, 527, 572.

Nauplius, 406, 415.

Nausithoe, 260, 261.

Nausithoe, Eye of, 255.

39
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Nautilus, Eye of, 90.

Nebalia, 448.

Necrophorus, 500.

Nectocalyces, 246.

Nemathelminthes, 343.

Nematocalyces, 242.

Nematocysts, 212.

Nematus, 543. 594.

Nemertes, 342, 343.

Nemertini, 339.

Nemocera, 577.

Nemoptcra, 564.

Nernura, 561.

Nepa, 527, 534, 572.

Nephelis, 400.

Nephridia, 308.

Nephrops, 477.

Nereilcpas, 379.

Nereis, 379.

Nerve fibre, 46.

Nerve tissue, 45..

Nervous system, Grada-
tions of, 80.

Nervures, 528.

Neuromuscular cells, 80.

Neuropodia of Annelids,
365.

Neuroptera, 562.

Niphargus, 455.

Noctiluca, 196.

Noctuiformes, 578.

Noctuina, 583.

Nomada, 597.

Nonionina, 184.

Notodelpliys, 435.

Notodonta, 584.

Notodromus, 428.

Notommata, 401, 404.

Notonecta, 572.

Notopoda, 478.

Notopodia of Annelids,
365.

Notum, 525

Nuclear fluid, 29.

Nuclearia, 194.

Nuclear plate, 30.

Nuclear substance, 29.

Nuclcolus, 29.

Nucleus, 12, 13, 29.

Nucleus, Division of, 30.

Nummulina. 187.

Nutritive polyp, 236.

Nut-weevil, 588.

Nycteribia, 575

Nymphaliadse, 585.

Nymphula, 582. .'

Obelia, 242.

Obisium, 511.

Oceanidae, 234.

Occllata, 239, 241.

Ochracea, 195.

Octactinia, 230, 231.

Octobothrium, 321.

Octorchis, 242.

Ocular plates, 278.

Oculina, 232.

Oculinidas, 229.

Ocypoda, 478.

Octontolcas, 176.

Odontornithes, 175

Odoiitosyllis, 379.

Odynerus, 597.

(Ecodoma, 596.

(Edemera, 588.

(Edipoda, 558.

(Erstedtia, 340.

(Esophagus of Antbozoa,
60.

(Estridae, 542, 576.

(Estropsidae, 564.

Oken, 137.

Oleuus, 484.

Olfactory organs, 91.

Oligochreta, 382.

Olynthus, 217.

Omalium, 590.

Onchocotyle, 324.

Oniscus, 460.

Ontophilus, 590.

Onychophora, 512.

Oostegites of Arthros-

traca, 451.

Opalinre, 204.

Operculata, 446.

Ophiactis, 292.

Ophidiaster, 273, 293.

Ophioderrna, 294.

Ophioglypha, 291.

Ophiolepis, 294.

Ophion, 595.

Ophiothrix, 294.

Ophiura, 294.

Ophiuridse,273, 275. 279.

Ophiuridea, 291, 293.

Ophiusidas, 583.

Opisthomum, 313.

Oral pole of Echinoder-

mata, 268.

Orbitelre, 505.

Orbulina, 187.

Orchestia, 455.

Ordensbander, 583.

Organ, 25.

Organ coral, 231.

Oribates, 495.

Orobippus, 172.

Orthoptern, 554.

Orthosia, 583.

Oryctes, 590.

Orygia, 583.

Osculum, 210.

Osmia, 598.

Osmylus, 564.

Osteoblasts, 42.

Ostracoda, 423.

Otion. 445.

Otolith, 85, 239.

Otolith plate of Cteno-

phora, 264.

Ovary, 97.

Ovipositors, 529.

Ovum, 33, 97.

Ovum, fertilization of

109.

Oxycephalus, 456.

Oxyrhyncha, 478.

Oxystomata, 478.

Oxytricha, 205.

Oxyuris, 244, 348, 351.

Predogenesis, 128

Pagurus, 478.

Painted Lady, 585.

Palreaster, 292.

Paltemon, 220, 477.

Palseocarabus, 469.

Palfeocrangon, 469.

Palaeontology, Evidence
in favour of descent

theory, 163

Paleaj of Annelids, 368

Palingenia, 562.

Palinurus, 477.

Pali of Actinozoa, 228

Pallas on domestic hy-

brids, 143

Palp, 413, 523.

Palpares, 564.

Palpicornia, 590.

Palps of Chretopoda, 369.

Pandora, 266.

Panorpidse, 563.

Papilio, 585.

Paraglossa, 524.

Paramasccium, 205.

Paramerc, 27.

Paranucleus. 201.

Parapodia, 305, 365.

Parasitn, 435.

Parasitica, 567

Parthenogenesis, 105,

410, 543.

Parthenogenesis of Phyl-
lopoda, 418.

Paste-worm, 357.

Pauropus, 521.

Peacock butterfly, 585.

Pectinaria, 382.

Pedal ganglion, 82.

Pedata, 299.

Pedicellariaj, 271.

Pediculus, 568, 589.
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Pedipalpi, 506.

Pedipalpus, -184.

Pedunculata, 445.

Pelagia, 236, 200, 261

Pelodcra, 357.

Pelodytes, 346, 350.

Peltocaris, 448.

Peltogaster, 447, 460

Pelzfresser, 568.

Pelzkivfer, 590.

Pelzmottc, 582.

Pemphigus, 570.

Penaeus, 477.

Penella, 436.

Pennatula, 231.

Pennatulidte, 231.

Pentacrinus, 289.

Pentacta, 274.

Pentamera, 589.

Pentastomidse, 408.

Pentastomum, 488.

Pentatoma, 572.

Pentatrematites, 289.

Perforata, 181, 232.

Pericbondrium, 39

Peridinium, 196.

Periosteum, 41.

Peripatus, 514.

Periplaneta, 557.

Perischiechinidae, 295.

Peritricha, 205.

Perla, 561.

IVrlidte, 561.

Petalopus, 180.

Phalaugiida, 505.

Phanerocarpse, 255.

Phanero-codonic gono-
phore, 236.

Phascolosoma, 394.

Phasma, 557.

Philodina, 404.

Philoptcrus, 568.

Pholcus, 505.

Phora, 576.

Phoronis, 389.

Phosphorescent organs
of insect, 536.

PhoxichiWdium, 496.

Phreoryctes. 385.

Phroninia, 455.

PLrosina, 455.

Pliryganea, 565.

Phryganid:e, 564.

Phrynus, 507.

Phthirius, 5<;s.

Phyllacanthus. 296.

Phyllium, 557.

Phyllophnrus. 278.

Phyllopoda, 416.

Phyllosomata. 471.

Phylloxera, 570,

Phylloxera, Reproduc-
tion of, 128.

Phylogeny, 122.

Physalia, 244, 249.

Physematium, 194.

Physometridse. 583.

1'hysophora, 248, 249.

Physophoridae, 241, 248.

Physopoda, 559.

Phytophasra, 594.

Phytophthires, 568.

Pieris, 585.

Pigment of eye, 86, 88.

Pilidium, 341.

Pilzfliegen, 576.

Pilzkafer, 588.

Pilzmiicken, 578.

Pimpla, 595.

Pinnotheres, 478.

Pinnulse, 270, 288.

Piophila, 576.

Pirates, 572.

Pisa, 478.

Pisces, vascular system
of, 64.

Piscicola, 399.

1'lanuria, 315.

Plane, median, 27
;

sa-

gittal, 27
; transverse,

27.

Planipennia, 563.

Plant-lice, 569.

Plants and animals, 15

Planula, 117, 124, 255.

Plasmodium, 30.

Platygaster, 594.

Platygaster, larva? of .549.

Platyhelmiuthcs. 309.

Platypezidie, 576.

PLityscelus, 456.

Pleopods of Isopoda, 457.

Plcurun, 483, 525.

Pliny, system of, 132.

Ploteres, 572.

Plume-moths, 582.

Plumularia, 237, 242.

Plusiadae, 583.

1'luteus, 281, 282, 292,

294, 296.'

Pneumatoryst, 244.

Pneumatophore, 214.

Pneumora, 555.

Podocerus, 455.

Podocorync, 237, 241.

Podophora, 296.

Podophrya, 205.

Podura, 554.

Poikilothermic, 74.

Poison glands, 532.

Polar areas of t'teno-

phora, 264,

Polar body, 104.

Polian vesicles, 272.

Polistes, 566, 597.

Pollicipes, 445.

I'olyaetinia, 225,

Polybostrichus, 372,379.

Polycelis, 311, 315.

Polychaeta, 374.

PolyciiTus, 378.

Polycladus, 311.

Polycystidea, 208.

PolycystinidEe, 190.

Polycyttaria, 196.

Polydesmus, 521.

Polydora, 382.

Polygastrica, 192.

Polygordius, 375.

Polymorphina, 180.

Polymorphism, 23, 126.

Polymorphism, Facts of,

in favour of Theory
of Descent, 152.

Polymorphism of social

insects, 155.

Polymyaria, 345.

Polynoe, 379.

Polyommati'lse, 585.

Polyophtbalmus, 372.

Polyparia, 227.

Polyphemus, 422.

Polypoid, 211.

Polypomedusje, 233.

Polyp type, 210.

Polystomea, 317, 318,322
Polystomella, 187.

Polystomum, 323, 324.

Polythalamia, 186.

Polyxenus, 521.

Polyzonium, 515, 521.

Pompilus, 597.

Pontobdella, 400.

1'oiitonia, 477.

Porcellana, 460, 478.

Porcellio, 457, 460.

Porifera, 214.

Porpita, 250.

Portunus, 478.

Postabdomen of Arthro-

pnda, 407.

Pustscutellum, 526, 591.

1'ou de jKiissiiiis, 438.

I'rachtkiifer, 589.

PrsBabdomen of Artliro

poda, 407.

Pru-stumium of C.'hn'ti.

fera, 387.

Prani/ca, 459.

Prawns, 477.

Praying insect, 557.

Priapulus, 391.

Primitive bt leak, 115,
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Prionus, 588.

Procrustes, 590.

Proglottisofcestoda,326.

Proleg, 519.

Pronucleus, 109.

Prosoponiscus, 451.

Prosorochmus, 340, 341.

Prostate, 99.

Prostomum,311, 312,314.

Protaster, 21)2.

Proterosaurus, 177.

Prothorax, 525.

Protodrilus, 365, 375.

Protolepas, 446.

Protoplasm, 12.

Prototracheata, 512.

Protozoa, 182.

Protula, 372, 382.

Proventriculus, 530.

Pselaphus, 590.

PseudonavicelliE, 208.

Pseudophyllidte, 338.

Pseudopodia, 54, 186.

Pseudopupa, 593.

Pseudoscorpionidea, 510.

Pseudospora, 194.

Pseudotetramera, 588.

Pseudova, 514.

Pseudovaries of Aphides,
106.

Psocus, 559.

Psolus, 299.

Psorosperms, 208.

Psyche, 543, 5S4.

Psychidpe, 581.

Psychoda, 578.

1'sylla, 570.

Psylltdre, 570.

Psyllodes, 570.

J'teraster railitaris, 284.

Pterodactylidsc, 175.

Pteromalus, 594.

Pterunarcys, 561.

I'terophorus, 5Sii.

Pteroptus, 495.

Pterygotus, 480.

Ptinus, 589.

Ptychoptera, 578.

Pulex, 579.

Pupa, 5 is.

Pupa coarcta 1 a. 55 1
,
574.

Pupa lilicra, 551.

Pupa obtecta, 551, 574,
575.

Pupa of Cirrpedia, 443.

Pupil, 88.

Pupipara, 542, 575.

Purple, visual, 87.

Pygidium, 484.

Pygidium of Colcoptera,
586.

Pygnogonida, 495.

Pygocephalus, 4U9.

1'yralis, 582.

1'yrophorus, 589.

Pyrrhocoris, 571'.

Quadrilatera, 4 78.

Radial vessels, 272.

Radiata, 2H6.

lladii of Echinodermata,
267.

Radiolaria, 189.

Radius, 528.

llami commuuicantes,
82.

Eanatra, 534, 572.

Randwanzen, 572.

Rapacia, 379.

llaphidia, 563.

Raubfliegen, 576

Ray, 134.

Reaumur, 133.

Receptaculum seminis,
99.

Redi, 133.

Kcdia, 129, 319.

Reduvidae, 572.

Regeubremse, 577.

Renilla, 231.

Reptiles, Vascular sys-
tem of, 66.

Respiration, Renewal of

external medium, 72.

Respiratory organs, 67.

Respiratory trees, 277.

lleticular connective

tissue, 38.

Reticularia, 186.

Retina, 87.

Retinacula of Acantho-

cephala, 359.

Retinulse, 88.

Rhabditis, 344, 349, 357.

Rhabdocoela, 311, 313.

Rhabdonema. 346, 350.

Rhabdosoma, 455.

Rhachis, 483.

Rhipidius, 589.

Rhipidogorgia, 231.

Rhipiphorus, 5s;).

Rhizocephala, 146.

Rhizncriims, 2s 1

.).

Rlii/.oglyphus. 11)2.

Rhi/.npoda, isi.

Rhixostoma, 261.

Rhi/nstomefc, 261.

Rhizostomidae, 252.

l.'hi/.otrogus, 5'.H).

Rhodites, 594.

Rhopaloccra, 582. 584.

Rhopalonema, 242.

Rhyaeophila, 565.

Rhynchocoela, 339.

Rhynchodesinus, 315
316.

Rhynchota, 566.

Rhyncobdellidae, 399.

Ribs, 528.

Riaderbremse. 577.

Root-lice, 127.'

Rosel von Rosenhof, 133.

Rosette of Echinoidea.

296.

Rostellum of Cestoda,
327.

Rotalia, 187.

Rotateria, 400.

Rotifer, 404.

Rotifera, 400.

Rotula, 297.

Roux, Breeding experi-

ments, 142.

Riickenschwimmcr, 572.

Rudimentary organs,

Meaning of, 156.

Rugosa, 2: in.

Rlitimeyer, on origin of

ox, 143.

Sabella. 382.

Sabellaria, 382.

Sac-bearers, 5S2.

Saccharomyces, 206.

Saccocirrus, 3S1.

Sacconereis, 372, 379.

Sacculina, 447.

Saenurus, 385.

Sagartia, 225.

Sagitta, 357.

Sagittal plane of Ctcno-

phora. 2(ii'.

Salivary gland, 58.

Salpingceca, I'.Ni.

Saltatoria, 557.

Salticus, 504.

Saltigradas, 501.

Sapphirina, 4)!6.

Sarcode, 19, 22.

Sarcolcmma, 45.

Sarcophaira. 576.

Barcopsylla, 579.

Sarcoptida>, 492.

Sargus, 577.

Sarsia prolit'era, 239.

Satin-ilia, 5S4.

Sal yrus. 5S.5.

Saw-flies, 594.

Scalpellum, 445.

Scaphognathite of Dcca-

poda, 476.

Scatophnga, 570.
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Scenopius, 576.

Schaeffer, 133.

Schattenmiicke, 578.

Sehelling, 137.

Schildlause, 568.

Schildwanzen, 572.

Schistocephalus, 338.

Schizaster, 297.

Schizomycetes, 206.

Schizoneura, 570.

Schizopoda, 472.

Schizoprora, 311, 313,
314.

Schizostomum, 312.

Schnabeltliegen, 563,

Schnaken, 578.

Sclmepfenfliegen, 577.

Sehreitwanzen, 572.

Schwarmer, 584.

Schwebfliegen, 576.

Sciara, 57g.

Sciophila, 578.

Sclater on Zoological
Provinces, 160.

Sclerodermites, 231.

Sclerostoraum, 350, 352.

Sclerotic, 88.

Scolex, 333.

Scolia, 596.

Scolopcndra, 519.

Scopula, 582.

Scorpion, 510.

Scorpionidea, 508.

Scorpion-spiders, 506.

Scuta of Cirripedia, 439.

Scutellidas, 297.

Scutellum, 526.

Scutigera, 518, 520.

Scyllarus, 477.

Scyphistoma, 125, 233

255.

Scyphomedusae, 231
, 236,

250.

Sea feathers, 231.

Sea long-worm, 343.

Sea-urchins. 294
; Regu-

lar, 296.

Sebaceous glands, 77.

Secretory organ*, 74.

Sedentaria, 380.

Sedimentary forma-
tions :

Conditions of forma-
tion of, 166, 169.

Determination of age
of, 164.

Table of, 165.

Segment, 27.

Segmental organs,75,308.

Segmentation cavity,
116,

Segmentation of ovum,
110.

Selection, Artificial, 145.

Selection, Sexual, 152.

Semseostomeas, 260.

Semen, 97.

Semitse of Echmoidea
,

296.

Sense organs, 83,

Septa of Actinozoa, 228.

Sergestes, 477.

Scricteria, 532.

Serolis, 460.

Serpula, 382.

Sertularia, 242.

Sesia, 584.

Sex, 104.

Sexual reproduction, 97.

Sexual selection, 152.

Sheeptick, 575.

Shell glands, 75.

Shell glands, Crustacea,
410.

Sialis, 563.

Sida, 422.

Silkworm, 584.

Silpha, 590.

Simonea, 492.

Simple eye, 89.

Simulia, 577.

Singcicaden, 571.

Singmiicke, 578.

Siphonophora, 236, 243.

Siphonostomata,, 435.

Sipunculoidea, 392.

Sipunculus, 394.

Sirex, 594.

Siriella, 474.

Sitaris, 589.

Skeleton, 78.

Smellers of Tanaidae,
459.

Smerinthus, 584.

Smynthurus, 554.

Solaster, 293.

Solenobia, 543, 581, 582.

Solifugse, 511.

Solpuga, 512.

Spanish fly, 589.

Spatangidae, 296, 279,
295.

Spatangidea. 273. 297.

Spatangus, 297.

Species, 140.

Species : Cuvier's defi-

nition of, 149; Muta-

bility of, 144
; Origin

of, 144, 149.

Species, Relation of to

'_
r''nera. 149.

Speckkafer, 590.

I Sperm, 97.
'

Spermatophores, 99.

Spermatozoon, 33, 97.

Sphaeridia, 272.

Sphaarodorum, 372, 379.

Sphnsroma, 460.

SpliEerouectes 250.

Sphseronitcs, 289.

Sphaerophyra, 205.

Sphserotherium, 521.

Sphasrozoum, 191.

Sptuerularia, 356.

Sphex, 552, 596.

Sphingina, 584.

Sphinx, 584.

Sphyrocephalus, 311.

Spicula of Nematoda.
347.

Spiders, 498.

Spindle-tree moth, 382.

Spinning glands, 532.

Spinning mite, 495.

Spio, 382.

Spiodeae, 381.

Spio-Nephthys larva,
378.

Spionidnc, 381.

Spiralzooids, 241.

Spirillum, 206.

Spirochasta, 206.

Spirographis, 382.

Spiroptera, 348.

Spirorbis, 372, 382.

Spirostomum, 205.

Sponges calcareous, 222
;

glassy, 221
; gelatin-

ous, 221; horny, 222
;

levantiue, 221.

Sponge type, 210.

Spongia, 221.

Spongiadas, 221.

Spongiaria, 214.

Spongilla, 218, 221.

Spontaneous generation,
10.

Spores, 97.

Spores 128; of Treraa-

toda, 129.

Sporocyst, 129, 319.

Spring-flies 561.

Springkiifer, 589.

Spring-tails, 5,31.

Spumella, 195.

Squama, 572.

Squilla, 472.

Stag-beetle, 689.

Staphylinus, 590.

Star coral, 232.

Star-lislu's, 290. 292.

Stauridae, 230.

Staurocephalus. 379.
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Stechfliege, 576.

Stelleridea, 292.

Stemmata Arthropoda,
408.

Stenorhynchus, 478.

Stentor, 205.

Stephanoceros, 40 1.

Btephanosphasra, 195.

Sterile polyp, 237.

Sternum, 525.

Stigmata, 71.

Stilettfliegen, 576.

Sting, 592.

Stipes, 523.

Stomatopoda, 470.

Stomobrachium mira-

bile, 239.

Stomoxys, 576.

Stone canal, 272.

Stratiomys, 577.

Strepsiptera, 565.

Stridulantia, 571.

Strobila, 125, 255, 256.

Strongylidae, 347.

Strongylocentrotus, 296.

Strongylus, 352.

Struggle for existence,
145.

Stut zk lifer. 590.

Stylaria, 386.

Stylasteridae, 241.

Stylochus, 316.

Stylonychia. 205.

Stylops, 566.

Suberites, 229.

Subgenital pits of Dis-

cophora, 260.

Submentum, 524.

Suboesophagcal gar>--
lion, 82.

Sub-species, 141.
Succession of similar

types, 171.

Suctoria, 205, 446.

Summer eggs of Phyl-

lopoda, 418.

Summer eggs of Eoti-

fera, 403.

Summer eggs of Turbel-

laria, 313.

Supra-cesophageal gang-
lion, 80.

Swallow tail, 585.

Swammerdam, 133.

Sweat glands, 77.

Sycaltis, 222.

Sycandra, 222.

Sycetta, 220.

Sycilla, 222.

Sycon, 221, 222.

Syconidse, 212, 217, 222.

Sycortis, 222.

Syculmis, 222.

Sycyssa, 220.

Syllis, 379.

Syllis prolifera, 372.

Symbiotes, 492.

Sympathetic, 82.

Synapta, 278, 283, 298,
299.

Synaptidas. 283.

Syrphus. 576.

System, Meaning of, 150.

System of Aristotle, 132.

,, Cuvier, 136.

Linnaeus, 135.

Pliny, 132.

Present day,
138.

Tabanidte, 574, 576.

Tabanus, 577.

Tachina, 576.

Tachinse, 541.

Tactile corpuscles, 47.

Tnenia, 327, 330,331.335.
Tajuia cucumerina, 329.

Tasniadse, 334.

Talitrus, 455.

Tanais, 459.

Tanystomata. 576.

Tanzfliegen, 576.

Tapetenmotte, 582.

Tapeworm 326.

Tarantula, 504.

Tardigrada, 496.

Tarsus, 527.

Taste, 92.

Tegenaria 504.

Tegmina, 528.

Tegulse, 591.

Teleas, 594.

Teleas, larva of, 549.

Telephorus, 589.

Telepsavus, 382.

Telepsavus- Chsetopterus
larva, 378.

Telolecithal, 112.

Telotrocha, 378.

Tclson of thoracostrara

461.

Tenebrio, 589.

Tenthredo, 594.

Teratology, 51.

Tercbella, 3S2.

Torcbra, :.'.>-'.

Terebrantia, 594.

Terga of Cirripedia, l.'!9.

Tonnes, 501.

Termites, 559.

Terricolre, 385.

Tcsselata, 289,

97.

Tetracoralla, 230.

Tetranychus, 495.

Tetraphyllidte. 338.

Tetraplasta, 194.

Tetrapneumones. 504.

Tetrarhynchus. 327. 33S.

Tetrastemma, 341, 342.

Tettigonia, 571.

Tettix, 558

Textularia, 187.

Thalamophora, 180.

Thalassema, 392.

Thalassicolla. 190.

Thalassina, 477.

Thamnocnidia, 241.

Theca of Actiiiozca,22S.

Thecla, 585.

Thecodontidos, 175.

Thelyphonus. 508.

Thereva, 576.

Theridium, 502. 50{'.

Theriodonta, 175.

Thomisus, 504.

Thoracostraca. 46C'

Thread cells, 212.

Threadworms, 314

Tlirips, 559.

Tlij'sauopoda, i75

Thysanozoon, 316.

Thysanura, 553.

Tibia, 526.

Ticks, 493.

Tiger-beetles, 590.

Tillodontia, 173.

Tillotherium, 173

Tima, 242.

Tinea, 582.

Tipula, 578.

Tipulariae, 577.

Tissue, 29.

Todtengraber, 590.

Tomopteris, 380.

Tornaria, 300.

Tortoiseshell butterflv.

585.

Tortrix, 582.

Touch, 84.

Toxodon, 170.

Toxodontia, 173.

Toxopncustes, 296.

Tracheae, 70, 410.

Trachelius, 204.

Trachymedusa; 239, 2-12.

Trachynema, 239, 2JL'.

Trachys, 589.

Transverse plane of

Ctenophora, 2(!2.

Trap-door spider, 501.

Trematoda, 316.

Trepaug. 299,
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Trijenophorus, 338.

Trichina, 347, 348, 353,

354, 355.

Trichocephalus, 348. 353.

Trichodectes, 336, f>6S.

Trichodes, 589, 599.

Trichodina, 205.

Trichomonas, 194.

Trichoptera, 564.

Trichosomum, 353.

Trichotrachelidce, 353.

Trigonia, 599.

Trilobita, 483.

Triphaena,'583.
Tristomum coccineum,

323

Trivium, 269.

Trochal disc of Rotifers,
401.

Trochanter, 526.

Troctes, 559.

Trogus, 595.

Trornbidium, 495.

Trypeta, 570.

Tube-spinners, 501

Tubicinella, 446.

Tubicolffi, 380.

Tubicolaria, 401, 404.

Tubifex, 385.

Tubipora, 231.

Tubitelse, 504.

Tubularia, 239. 211.

Tubulariae, 241.

Turbellaria, 309.

Turbinolia, 232.

Tylenchus, 357.

Type, 52.

Type of Desor, 341.

Typhis, 456.

Typhlosole of Lumbri-
cus, 383.

Tyroglyphus, 492.

Umbellula, 231.

Upper lip of Crustacea,
412.

Uroceridse, 594.

Uropoda of Crevettina,
454.

Uterine bell of Acautho-

cephala, 30 1.

Uterus, 99.

Vagina, 99.

Vampyrella, 194.

Vanessa. 553. 585.

Variability, 145.

Varieties, 141.

Variety, Relation of to

species, 149.

Vascular pore of Nema-
toda, 346.

Vascular system, 59.

Vas deferens, 99.

Vein, 62.

Veins, 528.

Velarium, 252.

Velarium of Scypho-
medusae, 252.

Velella, 246, 250.

Velcllidae, 244.

Velia, 572.

Venous, 73.

Ventral plate, 545.

Ventriculitidse, 221.

Veretillum, 231.

Vermes, 302.

Vesiculas seminales, 99.

Vesiculata, 239, 241.

Vespa, 597.

Vexillum, 206.

Vibrio, 206.

Vine-lice, 570.

Vinegar worm, 357.

Visceral nerves, 82.

Vitellarium of Turbel-

laria, 312.

Vocal organs, 552.

Volvox, 195.

Vortex, 313.

Vortex viridis, 310.

Vorticella, 205.

Waffenfliegen, 577.

Wallace, 147.

Warm-blooded, 74.

Wasps, 597.

Wasserlaufer, 572.

Water-bugs, 571.

Water-fleas, 419.

Watermites, 495.

Water-scorpions, 572.

Water-spiders, 504.

Water-vascular system.
308, 311.

Water-vascular vessels

of Platyhelmintb.es 75.

Wax glands, 532.

Weevils, 588.

Wcizenfliege, 576.

White ants, 559.

White butterflies, 585.

White coral, 232.

Wickler, 582.

Wings, 528.

Winkelspinne, 504.

Winter eggs of Rotifera,
403.

Winter eggs of Turbel-

laria, 313.

Winter-sleep, 74.

Wolf-spider, 504.

Wood-bees, 598.

Wood-wasps, 504.

Worm, Paste, 357.

Worm, Vinegar, 357.

Wotton, 133.

Xantho, 478.

Xenos, 566.

Xiphosura, 480.

Xylocopa, 598.

Xylophaga, 589.

Xylophagus, 577.

Xylotomas, 576.

Yolk, 111.

Yolk-cord, 543.

Yolk, Effect of, on de-

velopment, 120.

Yponomeuta, 582.

Zerene, 583.

Zotea, 466.

Zoantharia, 231.

Zoanthus, 232.

Zoogloca, 200.

Zoological provinces,! 60.

Zoophytes, 209.

Zoosperms, 209.

Zoospores, 194, 197.

Zoothammium, 205.

Zunsler, 582.

Zygsena, 584.
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