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THE publication of this volume has been long delayé@,RéWing
to my having been on military duty throughout the year 1goo.
As in the first volume, I have been guided in my selection of
types of animal organisation by the requirements of students
reading for the preliminary and intermediate science examina-
tions in the Universities of Great Britain.

A considerable space has been allotted to the leading
features of the embryology of the various types, since, as
I believe, a just appreciation of the problems of Comparative
Anatomy cannot be attained without the study of embryonic
as well as adult structures.

The second volume has been finished under more favourable
circumstances than the first, and I hope that it will be found
to be free from any serious errors. In the first volume, besides
some slips of minor importance, I made a serious error in my
description and figure of the truncus arteriosus of the Frog.
This was not because, as a friendly critic has suggested, I drew
my figure from an abnormal specimen, but because I attempted,
when in barracks, to construct my figure and description from
the rough drawings of my preparations, and got into confusion
in the attempt. A new figure, with the necessary corrections
of the text, will be found in the errata attached to this volume.
A full and, at last, an intelligible account of the structure of
the truncus and the function of the spiral valve is given in
the new edition of Ecker & Wiedersheim’s ¢ Anatomie des
Frosches,” by E. Gaupp, 1899, pp. 260 and 283.

I have to express my obligations to Mr O. H. Latter, M.A.,
of Charterhouse School, who has kindly read through the
proof sheets of this volume and assisted me with many valuable
criticisms and suggestions, and to Mr J. W. Jenkinson, M. A,
of Exeter College, Oxford, who has helped me in many ways,
particularly in placing at my disposal his wide and exact
knowledge of the placentation of the Mammalia.

GiLBERT C. BOURNE.

EREFHCE

OXFORD, February 1902.
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COMPARATIVE ANATOMY

CHAPTER XVI
THE PLATYHELMIA - DISTOMUM HEPATICUM

It has been shown that in the Ccelenterata, of which Hydra
- and Obelia were chosen as examples, there are only two
_ primary layers, ectoderm and endoderm ; that the chief axis
of the body is represented by a line drawn through the mouth
to the opposite end of the body, the organs being disposed
radially with regard to that axis; and that there is only one
cavity in the body, the gastrovascular cavity, which subserves
the functions of digestion and circulation.

In the phylum Platykelmia we have to deal with animals
in which a third layer, th¢ mesoderm or mesoblast, is
interposed between ectoderm and endoderm, and the bulk
of the organs, including the muscular and reproductive
systems, are wholly derived from this middle layer. Further
than this, the body is generally elongated to a greater or
less extent and flattened from above downwards. There
is thus an upper or dorsal surface, a lower or ventral surface,
and right and left sides. Most Platyhelmia move in a definite
direction, and thus an anterior or head end, and a posterior
or tail end, may be distinguished. The principal axis of
the body is antero-posterior, and the chief organs of the body
are disposed more or less symmetrically in pairs on either
side of this axis, so that the animals may be described as
bilaterally symmetrical. That is to say, if any one of
them is divided into two halves by an antero-posterior cut,
the right half will correspond exactly with the left half.

Although in the Platyhelmia there is no obvious cavity
or ccelom, in which the gut and other organs lie, the cavity
of the gut serves only for digestive functions, and cannot
be regarded as a gastrovascular cavity like that of the
Ceelenterata. On the other hand, there is no specialised
circulatory or blood-vascular system, and in default of this

1I. A



2 COMPARATIVE ANATOMY

the gut is commonly branched so that its ramifications bring
the products of digestion to all parts of the body.

The Platyhelmia are divided into three classes, the Turbel-
laria or flat-worms, the Trematoda or flukes, and the
Cestoda or tape-worms. The Turbellaria are delicate, soft-
bodied, flattened worms, shaped something like a leaf. Some
are marine, some terrestrial, and some live in fresh water.
Deudrocwlum lacteum, a greyish-white species, is very common
in pools and ditches in many parts of England, and the marine
forms, which are often beautifully coloured with bands and
stripes, are common in rock pools between tide marks.
The Cestoda or tape-worms are generally elongated, and
composed of numerous segments or proglottides attached
to an -anterior head armed with suckers and hooks. But
some forms, such as Archigetes and Caryophylleus are un-
segmented, and show no external distinction between head
and body. With one exception (Archigetes), the sexually
mature Cestoda are parasitic in the alimentary canal of verte-
brated animals. ‘The Trematoda are parasitic animals, usually
of flattened, leaf-like form, which in shape and organisation
closely resemble the Turbellaria.

One of the best known of the Trematodes is the liver-fluke,
Distomum hepaticum, which in the sexually mature state
inhabits the bile-ducts of the sheep and other herbivorous
animals, and gives rise to the disease known as the liver-rot.
It is occasionally found in man. The mature liver-fluke is
flattened and leaf-shaped, with a blunt triangular projection
at its broader end. Numbers of them may be obtained by
- slitting open the bile-ducts of the liver of an infected sheep.

The mouth is situated at the extreme anterior end of the
animal, on the tip of the triangular projection mentioned
above. It is an oval aperture, lying in the middle of a cup- .
shaped muscular organ known as the anterior sucker. The
posterior or ventral sucker is situated in the mid-ventral line,
just behind the junction of the triangular anterior projection
with the rest of the body. It has the form of a cup with
thick muscular walls, and serves only as a means of attach-
ment, having no aperture leading into the interior of the body.

Nearly mid-way between the mouth and posterior of the
sucker, but nearer to the posterior sucker than to the mouth, is



DISTOMUM HEPATICUM 3

the generative opening, an orifice in the mid-ventral line.
Distomum is a hermaphrodite or moncecious animal, and the
male and female ducts open conjointly at the generative orifice.
At the extreme posterior end of the animal there is a small
pore by which the main canal of the excretory system opens
to the exterior, and on the dorsal surface there is a small
aperture in the middle line at about one-third of the length of
the animal from the anterior end: this is the opening of the
so-called Laurer-Stieda canal, of which the function is not
fully known. The whole surface of the body is covered with
small rod-like scales, which project backwards, and are
embedded in as many little pockets of the external layer or
cuticle. Their structure will be described further on.

The mouth opens into a nearly globular muscular pharynx,
which is continued postériorly into a short cesophagus. In
front of the ventral sucker the alimentary canal divides into
right and left branches, which run on either side of the middle
line to the posterior end of the body, and give off on their
outer borders a number of branched offsets or diverticula,
which extend right up to the margins of the body (fig. 1, 4).
There is no anus.

The excretory system can only be seen clearly in specimens
which have been injected with some colouring matter through
the excretory pore. It consists of a main duct relatively of
considerable size, which runs forward in the middle line from
the excretory pore for about three-quarters of the length of
the animal, and then breaks up into three or four branches
(fig. 1, C). Usually there are four such branches, a dorsal
and a ventral on each side, but the arrangement is not con-
stant. Throughout their courses the main duct and its
branches give off numerous side branches, which divide
repeatedly, their ramifications anastomosing freely with one
another, and forming a network which extends to every part
of the body. The ultimate ramifications are continued into
very fine tubules, with thin transparent walls, and these,
after a more or less convoluted course, end in little trans-
parent vesicles known as flame-cells. A flame-cell has thin
elastic walls, in which fibrillee crossing one another in several
directions may be traced. Internally the flame-cell and the
part of the canal nearest to it bears a few very long isolated
cilia, which are constantly in motion, and produce a flickering
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movement like that of a flame; hence the name flame-cell.
One of these structures, when examined with a high power
of the microscope, has a stellate appearance, due to the
presence of numerous radiating processes which are said to
be exceedingly fine capillary tubes passing from one vesicle to
another, and not, as was once thought, protoplasmic processes.
The actual number of flame-cells has not been accurately
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The digestive and nervous systems of a mature liver-fluke. The braached
alimentary canal is represented in black. C.G, cerebral ganglion; A7, mouth ;
V.S, ventral sucker. B. The generative, and C the excretory, systems of the same
animal. Ex.p, excretory pore ; G.O, genital aperture ; Ov, ovary ; Sk.-g, shell-
gland ; 7.7, the ramified testis ; U#, uterus; V.G, vitelline glands. 2. Enlarged
view of the genital aperture and the organs connected with it. Fe. vesicula
seminalis; V, vagina ; De, ductus ejaculatorius, C%, cirrhus; #, female aperture.
(After Sémmer.) f

determined for Distomum hepaticum, but they appear to be fairly
regularly and symmetrically distributed along each side of the
body. In .D. volvens thirty-nine flame-cells have been counted
on one side of the body. The generative organs are very com-
plex, and occupy a large part of the animal’s body (fig. 1, B).
The male organs consist of a pair of much-branched testes,
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occupying the middle third of the body. The branches of
each testis are gathered into a duct, the vas deferens, and
the two vasa deferentia run forward on either side of the
middle line as far as the ventral sucker, where they unite
and form a relatively large pear-shaped sac known as the
vesicula seminalis. From the vesicula a fine somewhat
convoluted tube, known as the ductus ejaculatorius, runs
forward to enter a stout musecular organ of cylindrical shape
known as the penis or cirrhus, which in its turn opens
at the generative pore. Normally the penis is invaginated,
and lies in a cavity just in front of the ventral sucker called
the cirrhus-sac, but it can be evaginated and protruded
from the generative aperture, in which case, as it is turned
inside out, the ductus ejaculatorius is carried up the middle
of it, and opens at its terminal end. (Fig. 1, D.)

The female organs comprise an ovary with its duct, and
certain accessory glands. The ovary, like the testis, is a
branched tubular organ, but, unlike the testis, it is unpaired.
It lies usually on the right side of the body in front of
the right testis and rather behind the ventral sucker. The
branches of the ovary unite to form a short narrow oviduct,
which runs towards the middle line and fuses with the
vitelline duct. The last named is formed by the union
of two transverse ducts, which convey the albuminous secre-
tion of the vitelline glands, situated along the entire length
of the right and left margins of the body. The vitelline
glands themselves have the form of very numerous small
rounded vesicles scattered over a definite area on the right
and left sides of the body. Each vesicle has a duct which
unites with the ducts of adjacent vesicles to form larger ducts,
and these in turn unite to form on each side of the body
an anterior and a posterior longitudinal collecting duct. The
last named unite to form the transverse duct already men-
tioned, and the transverse ducts join in the middle line to
form the common vitelline duct, which runs forward for a
short distance before it unites with the ovarian duct. The
common vitelline duct is swollen at its origin to form the
so-called vitelline reservoir. The ovarian and vitelline ducts
are surrounded at their point of union by a seemingly com-
pact globular glandular mass, the shell-gland, which is
really composed of an aggregate of minute unicellular glands.
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From the shell-gland the conjoined ovarian and vitelline duct
is continued forwards as a wide tube which is thrown into
many convolutions, and pursues a tortuous course to the
generative aperture, where it opens by a small crescentic pore
to the left side of the male opening. This tortuous tube is
called the uterus, and it nearly always contains eggs, being
sometimes greatly distended by their presence. The egg
has an ellipsoid chitinous shell, within which is a single
ovicell surrounded .by a number of vitelline cells, serving as
nutriment for the developing embryo. The ovicells are
developed in the ovary, and each one, on entering the conjoined
ovarian and vitelline duct, receives a coating of vitelline cells
derived from the vitelline glands, and is immediately encased
in a firm chitinous shell secreted by the shell-gland.

The Laurer-Stieda canal is a short tube leading from the
point of union of the ovarian and vitelline ducts to a pore
placed on the mid-dorsal surface. Its. function is not fully
known, but as it often contains spermatozoa, it is most prob-
able that it serves as a copulatory duct, admitting the sperma-
tozoa to the ova as they pass down the oviduct.

The nervous system consists of a nerve-collar surrounding
the pharynx, having a single median ganglionic enlargement
on the ventral side of the pharynx, and a pair of lateral gan-
glionic enlargements, one on either side of the pharynx. Nerves
are given off from these ganglia to the anterior region of the
body, and from each lateral ganglion a large lateral nerve-cord
runs backwards, passing beneath the bifurcation of the alimen-
tary tract of its own side and reaching to the hinder end of the
body. Nerves are given off from the lateral cords at tolerably
regular intervals. (Fig. 1, 4.)

All the organs which have been enumerated are embedded
in a peculiar form of tissue generally known as the paren-
chyma, which, except for casual lacunar. spaces, fills up all the
interstices between them. According to the most recent
accounts the parenchyma consists of a reticulum of branched
cells, the meshes of which are occupied by large clear oval
cells with relatively large nuclei situated close against the cell-
walls. The parenchyma is traversed by muscle fibres which
pass diagonally from the dorsal to the ventral wall of the body.

External to the parenchyma is a composite sheet of
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epithelical and muscular tissue in which the following layers
may be distinguished :—(1) Externally a so-called cuticle,
apparently of homogeneous texture, but exhibiting nuclei at
intervals. The presence of nuclei- shows that this external
layer is a true epidermis formed of metamorphosed cells and
not a cuticle, which would be a product of the secretory
activity of an underlying layer of cells. This external layer,
which may be called the ectoderm, swells up in water and con-
tains the chitinoid scales which have already been mentioned.
Each scale is a somewhat broad flattened plate rounded at its
distal, but truncated at its proximal, extremity. The scales
appear to project from the surface, but they are really con-
tained in as many pocket-like cavities of the metamorphosed
ectoderm, and their projecting ends are covered over with a
thin layer of the peculiar ectodermic tissue. They vary in
size from ‘036 to ‘057 mm. in length, and are solid structures,
but easily broken up into a mass of minute fragments. The
ectoderm is also furnished with a number of flask- -shaped
unicellular glands, the ducts of which appear to perforate the
homogeneous ectodermic tissue. Beneath the ectoderm are
three muscular layers—viz. (2) an outer layer of circularly
disposed muscle fibres; (3) a layer of longitudinal muscle
fibres; (4) an inner layer of diagonal muscle fibres. The
muscular layers are more strongly developed in the anterior
than in the posterior half of the body, the diagonal muscles
being found only in the anterior half, whilst the circular
- muscles diminish notably in size towards the posterior end.
On the other hand, the longitudinal muscles are best de-
veloped in the hinder end of the body. The oral and ventral
suckers are provided with special muscular coats and also with
special protractor and retractor muscle bands. The individual
muscle fibres in Distomum hepaticum are from 06 to ‘o9 mm.
long and about ‘003 mm. in diameter. A fully formed muscle
fibre consists wholly of refractive contractile substance without
a trace of nucleus or protoplasm, but in developing fibres there
is a mass of granular protoplasm containing a nucleus lying on
one side of the fibre at about the middle of its length, recalling
the condition found in the musculiar fibres of Obelia.

The alimentary tract of Distomum is lined by a single
layer of more or less columnar epithelial cells, which, taken
together, constitute the endoderm. The muscular layers, the
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parenchyma, the excretory system, and generative organs
belong to the mesoderm.

It is evident from the above description that the structure
of Distomum shows a considerable advance on that of a
ccelenterate polype, and that the greater complexity of structure
is associated with the existence of the middle cellular layer or
mesoderm which is not present in the Ceelenterata.

The adult liver-fluke, as has been said, inhabits the bile
ducts of the sheep, and is therefore called an endoparasite.
Not all the Trematoda are endoparasites. A considerable
number of them cling to the external surfaces of animals, and
are therefore called ectoparasites. The eggs of ectoparasitic
Trematoda are generally laid on the place inhabited by the
parent and develop directly into the adult form, without the
embryo undergoing a metamorphosis or becoming parasitic
in or upon another host.* Such forms are known as mono-
genetic. But in the endoparasitic Trematodes the ovum gives
rise to a larval form which enters a new host, undergoes a
metamorphosis, produces one or more generations different
from the parent form, and eventually these generations escape
from the second host (usually known as the intermediate host),
and under favourable circumstances find their way back to a
host of the same species that was inhabited by their parent.
Such forms are described as digenetic.

Distomum hepaticum is a very good example of a digenetic
Trematode. The eggs, as has been described, acquire chiti-
nous shells secreted by the shell.gland, and pass into the
uterus, where they undergo the first stages of segmentation.
An individual egg is a minute oval body measuring about ‘13
mm. in length by ‘08 mm. in diameter. One end is rather
more rounded than the other, and a serrated line running
round it marks off a small lid or operculum, by means of which
the embryo eventually escapes. From the uterus the eggs are
discharged into the bile ducts of the infected sheep, where they
may be found in large numbers, sometimes forming a stiff
brown mass, completely blocking up the smaller ducts. A
single fluke produces a very large number of eggs ; it has been
computed that each individual may produce half-a-million,

* The animal upon or in which a parasite lives is usually described as
its ““host.”
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and as many as two hundred flukes having been found in the
liver of a single sheep, the total number of eggs passed out of
the animal would amount to a hundred millions.

So long as the eggs remain in the body of the sheep they do
not undergo any further development, but they are carried by
the bile into the intestine, and pass to the exterior with the
droppings. Then, under favourable conditions, they develop
further. The conditions necessary for development are mois-
ture and a certain degree of heat, a temperature of about 75°
Fahr. being the most favourable. The eggs will not develop if
kept at the normal temperature of the mammalian body, and
they develop but slowly at a temperature of .60° Fahr. At
lower temperatures they undergo no change at all, and it follows
that they will not develop in winter time, but only in warm
weather in the summer months.

The proper conditions of moisture and warmth being sup-
plied, segmentation proceeds, and gives rise to a ciliated
embryo of the form shown in fig. 2 (2). During segmentation
the growing embryo is nourished by the vitelline cells con-
tained in the egg case, and when fully formed it lies curled up
_ in the shell, but presently forces off the operculum and emerges
into the water as the larval form.

This larva, sometimes called a miracidium, is conical in
shape, and covered all over with cilia, by means of which it
swims actively through the water. In swimming, its broader
end is directed forward, and this anterior extremity is furnished
with a median projection which may be protruded as a conical
spike, or retracted so as to form a central knob or papilla. The
external skin of the larva is formed of five closely fitting rings
of large hexagonal cells, whose relations are clearly shown in
the figure. The most anterior ring comprises four, more rarely
five cells, which are thicker and more rounded than the others.
The second ring is formed of five or six more flattened cells,
the third and fourth rings of four cells each, and the last row
of only two cells. All these cells are richly ciliated.

Beneath the ciliated cells is a granular layer containing
nuclei, but cell outlines can hardly be distinguished in it.
This layer is probably homologous with the external layer or
ectoderm of the adult fluke. It contains a circular and a longi-
tudinal layer of muscle fibres, and also a sense organ in the form
of a double eyespot, and a pair of excretory organs or nephridia.
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The eyespot consists of two crescentic cells containing
pigment, placed with their convex sides turned towards each
other, and their anterior horns in contact. The concavity of
each cell is filled with a refractive material which serves as a
lens. The double eyespot is situated on what may be called
the dorsal side of the body, just behind the anterior ring of
ciliated cells. The nephridia are in the form of a pair of
flame-cells placed one on either side of the middle of the’
body.

The centre of the body is occupied by a mass of large
rounded cells, which, because of their subsequent history, are
called germinal cells. There is no gut and no endoderm,
unless'a rounded granular mass lying just behind the anterior
papilla is to be regarded as representative of such.

The miracidium larva is exceedingly active, and swims
restlessly about, testing all objects which it comes in contact
with, and leaving them if they are not suitable to its purposes.
But if it comes in contact with a certain fresh-water snail,
Limnea truncatula, it at once begins to bore its way into its
tissues. ‘The larva presses its anterior end against the tissues
of the snail, protrudes its papilla, and forcing it like a gimlet
into the tissues, it spins round and round by means of its
cilia until it works its way into the body of its new host. It
is a remarkable fact that the larva of D. Zepaticum selects the
particular species of snail, Zimnea truncatula, in preference
to any other ; and if no members of this species are to be
found, its activity gradually diminishes, and eventually it dies.
The limit of the free existence of a miracidium is about eight
hours. When the larva has forced itself into the snail’'s body,
it undergoes a metamorphosis, provided that it has made
its way into a suitable region. The firm, muscular “foot”
of the snail is inimical to further development, and although
larvee may make their way into it, they do not long survive.
But in softer regions, such as the pulmonary chamber, they
are changed into a saclike form known as the S$porocyst.
The outer coat of ciliated cells is thrown off, the eyes separate
from one another and lose their crescentic form, and the
organism becomes a mere sac. During these changes, which
in warm summer weather take about a fortnight, the sporocyst
grows considerably in size ; at first it was only about ‘o7 mm.
in length, but eventually it attains a length of ‘5—'7 mm.
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The sporocyst has an external cuticle, and beneath this an
external circular and an internal longitudinal layer of muscle
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Fig. 2

Stages in the life-history of Distomum hepaticum. 1. An egg filled with large
vitelline cells, in which the segmenting ovum, ¢, is embedded ; o, oper-
culum. 2. Miracidium larva, showing the large ciliated cells, the eyespot
¢, and the interior papilla, pa. 3. A miracidium boring its way into the
tissues of a Limneea ; f-f, flame-cells. 4. A sporocyst containing one fully
developed and several developing rediz. The degenerate eyes are shown at
-e. 5. Arediacontaining several daughter rediz in variousstages of develop-
ment; 2, mouth; pk, pharynx; en#, enteron; », muscular collar; p,
posterior processes. 6. A cercaria ; 72, mouth ; s/, anterior, and s//, posterior
suckers ; cs, cystogenous cells. (After Thomas.)
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fibres. The eyes and anterior papilla persist, and the
nephridial flame-cells increase in number to about half-a-dozen
on either side. Immediately within the longitudinal layer of
muscles is an epithelium lining the cavity of the sporocyst,
and forming the greater part of the thickness of its body-wall.
The interior of the cavity is filled by a number of very clear
rounded cells, some of which are the germinal cells of the
larva; others are derived from the epithelium lining the
cavity. Occasionally a sporocyst will divide into two by
transverse fission. The germinal cells in the sporocyst
undergo division and form spherical masses or blastulae, which
pass through a gastrula stage, and eventually develop into
a second kind of larva known as a redia.

A redia has an elongated cylindrical body with an anterior
mouth leading into a muscular pharynx, and a short sac-like
digestive tube or enteron. A little way below the level of
the pharynx, the body is thickened to form an annular ridge

- or collar, in which muscular fibres are strongly developed.
At a distance from the posterior end equal to about one-
fourth the entire length of the body are two blunt conical
processes, situated close together on one side. The structure
of the body-wall of a redia is much the same as that of a
sporocyst, but there are no eyes, and the excretory system is
better developed, consisting of two groups of flame-cells on
either side, an interior group just behind the collar, and a
posterior group near the blunt conical processes or feet. The
anterior region of the body in front of the collar is filled up
with muscle fibres and parenchymatous tissue, but posteriorly
there is a large body cavity, the walls of which are lined by
an epithelium, like that of a sporocyst. A few muscular
strands traverse the body cavity. The wall of the enteron is
formed by a single layer of clear nucleated cells supported by
a basement membrane. When a redia has attained a length
of about "25 mm., it begins to move about actively, and pre-
sently it ruptures the wall of the sporocyst and passes into
the tissues of the snail. Many rediz are produced by a single
sporocyst, and they may be seen in all stages of development
within the body of the latter.

The free rediee force their way by muscular contractions
through the body of the snail, and enter various organs,
particularly the liver. In so doing, they destroy the tissues,
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and swallow them as food, causing the death of the snail in
a shorter or longer time. During its migrations a redia
increases in size till it attains a length of 1 to 1'5 mm.

The epithelium lining the body-cavity gives rise to germinal
cells, which pass into the cavity and undergo a development
similar to that of the germinal cells of a sporocyst. The first
generation of redize usually gives birth to daughter redie, and
these in turn may give rise to grand-daughter redie, and so
on for several generations, the young redie escaping from
the parent by a special aperture or birth-opening, situated at
one side of the body, a little behind the collar.  Eventually
the redie cease to produce daughter rediz, and give birth to
another form known as the cercaria.*

A cercaria is developed from a germinal cell, in much the
same manner as a redia. When fully grown, it has the shape
and structure shown in fig. 2 (6), consisting of flattened heart-
shaped body with an exceedingly contractile tail, more than
double as long as the body. Anteriorly there is an oral
sucker, and some way behind there is a ventral sucker placed
in the middle of the lower surface of the body. In the centre
of the oral sucker there is a mouth, and posterior to the
sucker there is a muscular pharynx leading into a short narrow
cesophagus which bifurcates just in front of the ventral sucker
to form a pair of simple tubular intestinal limbs, one reaching
down on either side of the ventral sucker nearly to the hind
end of the body. The limbs of the intestine are at first solid,
being formed of single rows of thick discoid cells. The
cercaria is also provided with an excretory system, having a
terminal contractile vesicle, collecting ducts, and flame-cells ;
but the details of this and other organs are difficult to make
out, because of the presence of a number of large nucleated
cells crowded with coarse refractive granules which form two
irregular masses, one along each side of the body. These are
the cystogenous cells ; their function is to secrete the protec-
tive case or cyst with which the animal presently surrounds itself.

As soon as a cercaria has attained a length of some ‘28 mm.
it escapes through the birth-opening of the parent redia, and
by the help of its suckers and contractile tail wriggles out

* It is probable that temperature is the determining cause whether a
redia shall produce daughter redix or cercarize. In summer the redice are
found full of daughter redice, in autumn of cercarice.
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of the tissues of its host, and for a short time leads a free
existence, swimming in the water or wriggling among wet
grass and leaves. Soon, however, it ceases to move about,
comes to rest on the leaf of a water-plant or a blade of grass,
shakes off its tail, and proceeds to encyst. In this operation
the cystogenous cells secrete an abundant slimy material
which hardens immediately, and in a few minutes the animal
is covered over by a white hard case, and firmly fastened to
the leaf or grass on which it lies. The cercaria lives for some
time in the encysted condition, until the plant to which it
is attached is eaten by a sheep or other herbivorous animal.
Then, on reaching the stomach, its cyst-wall is dissolved by the
action of the gastric juice, and the cercaria makes its way into
the bile ducts, where it grows rapidly ; its intestine becomes
hollow and branched, its generative organs are developed, and
in about six weeks time it becomes a sexually mature fluke.

The life-history of Distomum hepaticum affords a very good
example of true alternation of gencrations and of adaptation in
connection with a parasitic habit of life.

It was pointed out (vol. i. p. 252) that the so-called alternation
of generations in Obelia is not a true alternation, because the
asexually produced individuals are not developed from germ
cells, but originate, as do the members of plants, by a process
of vegetative multiplication. In Distomum, however, the case
is clearly different. The sexual generation is, of course, the
mature fluke, living in the bile ducts of the sheep. From its
eggs are formed miracidia, which, on finding their way into the
appropriate new host, develop by a process of simple growth
into the first asexual generation—the sporocyst. The germinal
cells of the sporocyst, many of which, at least, are derived from
the germinal epithelium lining its body-cavity, behave and
develop like true ova, but they do not require fertilisation.
The sporocyst, then, is a parthenogenetic form, and its un-
fertilised ova give rise to the second asexual generation of
redize. The germinal cells of a redia originate and develop in just
the same manner as those of the sporocyst, so the redia is also
parthenogenetic. After alarger or smaller number of generations
of rediz, the young flukes, called cercariz, are produced par-
thenogenetically by the rediz, and under appropriate conditions
they grow directly into the sexual form. Thus, if we use the
sign = to denote generation, whether sexual or asexual (par-
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thenogenetic), and the sign — to denote the simple growth of
a larva into a mature form, we may express the alternation of
generations of Distomum as follows :—

7 Fluke $ % ’ Sexual generation in sheep
Millacidium : 5 Free swimming larva
Sp:)rocyst ; : $ 1st type of asexual generation in snail
Rel(liia . E : 2nd type of asexual generation in snail
(Rgdiae)n. i . : Successive generations of 2nd type
Cegc;dria g 3 s Young sexual generation
Fllllke . . : Mature sexual generation

This complicated life-history is obviously connected with the
parasitic habit of the animal. Living in the bile ducts of a
sheep, and eventually causing the sickness and death of its
host, it is necessary for the propagation of the species that
Distomum should be from time to time transferred to a new host,
and this transference from the liver of one herbivorous animal to
another is not easy of accomplishment. Hence we find that, in
the first place, the mature fluke produces an inordinate number
of eggs, some few of which are sure to develop under con-
ditions favourable to survival. The miracidium hatched out
from the egg is a larva structurally adapted to seek out and
enter an intermediate host, and it is interesting to observe that
this intermediate host, Zimnea truncatula, is precisely the one
whose habits ensure the widest possible dispersal of the asexual
generations. Although its habit may generally be described as
aquatic, Z. fruncatula is more ready to leave the water than
other species of water snails with which it is associated, and it
commonly makes considerable journeys through damp grass.
It may even be dried up, and recover its vitality when wetted.
During floods Z. #7uncatula may be carried in great numbers
over low-lying lands, and when the waters have subsided
numerous specimens are to be found scattered over the
meadows or living in the ditches at their sides. Thus, when
the redize living in infected snails give rise to cercarize, the last
named frequently escape in situations where they are likely to
be picked up by sheep pasturing on the grass on which they are
encysted. It need hardly be said that the chances against the



16 COMPARATIVE ANATOMY

product of any single egg arriving at the condition of a mature
fluke are enormous, but where so many eggs are produced, and
where the larvae which survive multiply themselves so rapidly in
the body of the snail, it is nearly certain that some few cercarize
will make their way back again into their final host—the sheep.

It may be difficult to imagine how such a complicated life-
history, involving residence of different forms in an intermediate
and a final host, can have been established in the course of
evolution, but the difficulty is lessened by an extended study of the
Trematoda, which shows that there is every gradation between
direct development without alternation of generations, such
as occurs in the monogenetic Trematodes, and the elaborate
alternation of generations in such a typical digenetic form as
the liver-fluke.

Lastly, the anatomy of the redia throws light upon a question
of purely morphological interest. It has been shown that the
adult fluke has no body-cavity. In the sporocyst there is a
large body-cavity, but no gut, in the redia there are both body-
cavity and gut, and the relations of one to the other can be
satisfactorily studied. Now, what is this body-cavity? Itisa
large space which does not communicate with the excretory
system or with any other organs, but is lined by an epithelium,
which we have recognised as a germinal epithelium, because it
gives rise to the germ cells from which daughter redie or
cercarie are developed. It is, in fact, a greatly developed
generative pouch, which has its own proper opening, the birth-
opening, to the exterior. The relations of this pouch to the
gut and other organs are just those of the ccelom in other
animals ; and we shall see, in studying the earthworm and other
types, that there is good reason to believe that the extensive
spaces which we call ceelom are to be considered as having
arisen from the enlargement and extension of primitive genera-
tive sacs. It will be remembered in this connection that the
germ cells of the frog are developed from a part of the epithelium
lining the pleuro-peritoneal cavity or ccelom (vol. i. p. 116). We
may, therefore, call the body cavity of the redia, and also that
of the sporocyst, a ceelom. In the sexual fluke we must regard
the cavities of the generative organs, the ovaries, testis, and
their accessory glands as the representatives of the ccelom,
which, in this instance, retain their primitive characteristics.



CHAPTER XVII

THE CHATOPODA—THE COMMON EARTHWORM-—
LUMBRICUS HERCULEUS

EARTHWORMS, belonging to many different speCies, are very
common in all parts of the world. The com#fionest English
species, Lumbricus herculeus, lives in burrows in the surface
soil. The mouths of the burrows are marked by the well-
known worm-castings, and their upper parts are lined by
leaves which the worms have dragged down into their holes.
Earthworms, as Darwin has shown, are important agents in
the formation of vegetable mould, and a full account of their
habits will be found in his admirable memoir on the subject.*
But before studying the habits of earthworms it will be
desirable to gain a knowledge of the structure of these
animals.

A full-grown specimen of Zumbricus herculeus is about seven
inches long, and nearly circular in section except in the
posterior region, where the body is flattened dorso-ventrally.
The worm always progresses with one of its surfaces applied
to the ground ; this is therefore the ventral surface, the oppo-
site side being the dorsal surface. Furthermore, it always
travels with one end, the anterior end, foremost, so we can
recognise anterior and posterior ends, dorsal and ventral
surfaces, right and left sides. At the anterior end of the
body there is no distinct head, but a small conical projection
“called the prostomium. Below and behind the prostomium,
on the ventral surface, is a crescentic opening, the mouth,
destitute of jaws and other appendages, and at the posterior
extremity of the body is a circular terminal opening, the vent
or anus. The whole body is divided by a series of transverse
furrows into a number of rings, called segments or somites,
and we shall see that this external segmentation of the body
corresponds to a definite internal segmentation. As certain

* ¢“The Formation of Vegetable Mould through the Action of Earth-
worms,” by Charles Darwin. London. J. Murray, 1881,
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organs of the earthworm are invariably placed in definite
somites, it is of importance that the latter should be carefully

e \ Fig. 3
Lumbricus herculeus, showing m, the mouth, situated on
the ventral surface behind the conical prostomium ;
spth, spermathecal pores ; oz, oviducal pore on segment
14 ; spd, spermiducal pore on segment 15 ; ¢/, clitellum
extending over segments 32—37 ; @, anus.

counted and the positions of the more important organs and
external openings accurately noted. Beginning at the anterior
end of the body, it is usual to reckon the ring immediately
following the prostomium and partly encircling the mouth
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as the first somite. The prostomium itself, for reasons which
will appear more clearly when we study the development of
_the earthworm, is not reckoned as a somite, but as a part
“anterior to the segmented body equivalent to the better
developed head of other worms. It should be noticed that
on the dorsal surface the _prostomium is produced into a
backward projection which is, as it were, dovetailed into the
first somite. The most anterior somites are rather larger,
and the grooves separating them are deeper than in the more
posterior somites.

At a distance of about one-third of the whole length of the
body from the anterior end is a thickened band of glandular
tissue, nearly encircling the body, and”extending from somites
32—37 inclusive. This band, known as the eclitellum,
varies in posmon ‘in different species, but is always constant
in position in the same species, and therefore of some im-
portance in enabling us to recognise different kinds of earth-
worms. In some it forms a complete band round the
body, but in Z. Aerculeus it is saddle-shaped, not reaching
to the ventral surface. The clitellum enables us to divide
the body of the earthworm into regions. There are 31
pre-clitellar somites, 6 clitellar somites, and about 117 post-
clitellar somites, the terminal one bearmg the anus.
~ The general surface of the body is moist and smooth, and

_ displays iridescent hues, due to the peculiar structure of a
definite cuticle which uniformly covers it. But on passing a
worm through the fingers it feels rough to the touch. This
roughness is due to the presence of a number of bristles or
chate, of which there are four palrs or couples in every
segment except the first and Jast. The chate are easily
seen with a magnifying glass, and their arrangement should be
carefully noted. In each somite, with the exceptions above
mentioned, there is a pair of lateral couples placed on the
right and left sides of the body, rather nearer the dorsal than
the ventral middle line, and a pair of ventro-lateral couples,
placed between the lateral couples and the mid-ventral line.
The chaete are £shaped chitinous rods embedded in epidermic
sacs, and movable by special muscles. They are the chief
organs of locomotion of the earthworm, and from them the
name “ Chatopoda ” is given to the group to which the earth-
worms belong. The chete of the clitellar region differ from
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those of the rest of the body, being finer and nearly straight,
with hooked inner ends. There is also a pair of modified
cheetee in somite 15.

In addition to the mouth and anus, the following external
apertures must be noted :—(1) The dorsal pores, a series of
small round apertures situated in the mid-dorsal line in the
grooves separating the somites from one another. In
L. herculeus the first dorsal pore occurs in the groove between
the eighth and ninth_somites, and there is one in every sub-
sequent intersegmental groove. They open directly into the
body-cavity, and their exact function is not known. (2) The
oviducal pores, or female apertures, are minute round pores
placed one on each side of somite 14. (3) The spermiducal
pores, or male apertures, are relatively large slit-like openings
“with tumid lips placed one on each side of somite 15.

(4) The spermathecal pores are two pairs of minute round
openings placed in the intersegmental grooves separating
somites 9g—10 and 1o—11 at the level of the uppermost
member of the lateral couple of chete. (5) The nephridio-
pores are the minute openings of the excrefory tubes or
nephridia. There is a pair on every somite except the first
three and the last, each opening being situated just in front
cf the uppermost member of the ventro-lateral couple of
chate. The nephridiopores are hard to see, but they can

—

the worm, when small droplets of liquid exude from them.

The earthworm has no obvious organs of special sense, and
no external appendages except the chaete. Darwin’s experi-
ments show that earthworms are sensitive to light, but not
to sound, though they are very sensitive to any jar or vibration,
retreating at once into the depth of their burrows when the
ground near them is shaken. They also appear to have some
sense of smell. It will be shown later that the epidermis
is provided with a great number of minute sensory organs,
far too small to be recognised by the naked. eye.

On opening the worm, which is best done by making a
longitudinal incision in the mid-dorsal line and pinning out
the walls of the body right and left, many of the more
important features of its internal anatomy can be seen without
further dissection. The gut is a straight tube running from

the mouth to the anus, and separated from the body-wall
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by a relatively considerable space, the body-cavity or ceelom,
in which other organs lie. The ccelomic space, however, is
not continuous, but is broken up into a series of chambers by
muscular partitions or septa passing right across the body.
Each septum corresponds to an intersegmental groove, being
inserted on the body-wall all round the line marked out by
the groove, and is perforated by the gut. Thus the septa
divide the interior of the body into a number of compartments
which correspond exactly with the external rings, and since,
as we shall see, many of the organs are repeated in each
segment, and the segments lie one behind the other along
the longitudinal axis of the body, the earthworm is called
a metamerically segmented animal, and the individual seg-
ments or somites are sometimes called metameres. — The septa,
however, do not exactly correspond with the external annula-
tion, for there are no septa between segments 1—2z and
2—3, and the septum between 3—4 is frequently absent, or,
if present, is represented by mere muscular slips. The septum |
between 17—18 is also incomplete.

The gut, as has been said, pursues a straight course from
the "mouth to the anus, buf anteriorly to segment 18 it is
variously modified. The mouth leads into a short but
rather wide buccal cavity with thin walls. Following upon
this is a stout pear-shaped pharynx, with thick muscular
walls extending as far back as the sixth or even the seventh
somite when the animal is moderately extended. In reality,
however, the pharynx lies entirely in front of the septum
separating the 'ﬁfthy from the sixth segment,tﬁah—fﬁfép

and
the preceding septum being carried backwards by the posterior
projection of the pharynx. Anteriorly the pharynx begins in
the third segment, and it must therefore be spoken of as
extending from the third to the fifth segments. The walls
of the pharynx are attached fo the body-wall by numerous -
muscular strands, which, for the most part, run diagonally
backwards, the most posterior strands perforating the septa,
and extending as far back as the eighth segment (fig. 4, 4).
The pharynx is succeeded by the cesophagus, a narrow straight
tube extending to the fourteenth segment. There are three
pairs of apparent pouches on the sides of the cesophagus,
one pair in the eleventh and two pairs in the twelfth somite.

These are usually known as the calciferous glands. In reality,
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only the first pair are pouches communicating with the cavity

of the gut: the two posterior pairs are thickenings of the

Fig. 4

Lumbricus hevculeus, A. A view of the organs contained in the first twenty-two
somites, as seen when the animal is opened by a longitudinal dorsal incision, and
the body walls are pinned out without cutting the septa. ‘I'he pins are placed in the
3rd, oth, and 13th somites. B. View of the first sixteen somites of the same worm
after removal of the alimentary tract, to show the nervous system and reproductive
organs. bc, buccal cavity, cut across; c¢g, cerebral ganglia; g, gizzard; int,
intestine ; npk, nephridia’y od, oviduct ; oe, cesophagus; ow, ovary in somite 13;
%, pharynx with radiating muscular strands; prv, proventriculus; s, septa;
sd, sperm duct; s/, seminal funnels; sp#%, spermatheca in somites g and 10}
§p.5, SPerm sacs ; Z, testis.

cesophageal wall, which is here hollowed out by a number
of cavities ending blindly behind but opening into the first
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pouch in front. The partitions separating the cavities from
one another are covered by large ce cells which secrete carbonate
of lime, the secretion ﬁndmg its way throu«h “the anterior
pouch into the cesophagus.

The crop or proventriculus is a thin-walled dilatation of
the alimentary canal in somites 15 and 16, and is succeeded
by another dilatation with stout muscular walls lying between
the septa separating somites 16—17 and 18—19._This muscular
organ, the gizzard, lies therefore in somites 17 and 18, but
it may project some way backwards, carrying the septa along
with it. The glzzard is succeeded by a wide thin-walled
sacculated tube, the intestine, which runs straight backwards
to the anus, preserving the same characters throughout its
course. The intestine is constricted where it passes through
the septa, and is expanded and saccular in the intervening
somites. Its external walls are covered with a layer of loosely-
packed glandular cells filled with yellow granules, which are
not acted upon by alcohol, alkalies, acetic, chromic, or osmic
acids.  These cells, which give a yellow colour to the
intestine, are known as chloragogen cells, oF‘sbme’ﬁmes, but
quite erroneously, they are described as ‘“hepatic” cells.
They do not communicate with the cavity of the intestine,
and their function is unknown. From about the twentieth
somite backwards, the dorsal wall of the intestine is deeply
infolded so as to form a longitudinal ridge projecting into
the cavity of the intestine. This ridge, known as the typhlosole,
serves to increase the digestive surface. The space between
the limbs of the fold is filled with chloragogen cells, and
contains blood-vessels.

The ccelomic chambers between the septa are filled by a
colourless ccelomic fluid, which can easily be squeezed out
through the dorsal pores and examined under the microscope.
It consists of a plasma coagulable in alcohol and colourless
corpuscles of two kinds—the one finely granular and amceboid,
the other spherical and loaded with coarse granules.

In addition to the ccelomic fluid the earthworm possesses
red blood, contained in closed vessels. The red colour is

due to hggrrgqglobm, _which is not, as is the case in Verte-
brates, continued in the corpuscles, but is dissolved in the
plasma. The blood corpuscles of the earthworm are oval

and colourless. ~ A description of the blood-vessels must
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be deferred till the other organs of the body have been
considered.

The excretory system of the earthworm is made up of a
number of pairs of coiled ciliated tubes opening by one end
into the ccelom and by the other to the exterior.  Such ciliated
tubes are known as nephridia, and as similar, though not
necessarily homologous, organs enter into the composition of
the excretory systems of most of the higher invertebrate and
vertebrate animals, it is important that their structure and
relations should be fully understood. _In the common earth-
worm there is a pair of nephridia in every somite except the
first three and the last, and as all of them are similar in
structure it is not necessary to describe more than one member
of a pair. The nephridia may most conveniently be studied
in sitw in the 17th and 18th somites, the gizzard and crop
being pulled over to the opposite side. The main part of a
nephridium consists of a tube coiled into several loops closely
bound together by membrane richly supplied with blood-
vessels and attached to the posterior face of a septum low
down and not far from the middle line. At the point of
attachment one end of the tube passes through the septum,
projects a little way into the cavity of the somite in front, and
opens into it by an expanded kidney-shaped funnel known as

“the ciliated funnel or nephrostome. The other end of the
tube opens to the exterior by one of the minute nephridiopores
which have already been described as situated just in front
of the upper cheta of a ventro-lateral couple. Opening
internally in one somite, and externally in the next behind it,
a nephridium may conveniently be described as consisting of
a pre-septal and a post-septal portion.

The_preseptal portion_includes the nephrostome and a
short length of @ fine tube ciliated internally. The structure
of the nephrostome is rather complicated. Its body is formed
by a single large crescent-shaped cell known as the central
cell. The outer margins of the central cell are beset Wwith a
number of elongated wedge-shaped marginal cells, each with
a nucleus placed near its outer border. The marginal cells
are covered on one side with fine long cilia. The marginal
cells, diminished in size, pass round the horns of the crescents,
and running forwards become continuous with the edges of
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certain grooved cells which first run forwards then turn
sharply backwards, and the groove is converted into a closed
tube, which is continued backwards as the narrow ciliated tube
passing through the septum. The actual opening of the
nephrostome is a crescentic slit lying between the grooved
_cells’and the inner edge of the central cell.  (Fig. 5, C.)

The post-septal part of the nephridium consists of—(1) a

Fig. 5
A. Diagram of a nephridium of the earthworm. #.s, nephrostome ; s, septum ;
ct, narrow ciliated tube ; #2¢, middle tube; g7, wide glandular non-ciliated
tube; mz.d, muscular duct. B. A portion of 4 enlarged to show the
passage from the middle tube to the glandular tube. C. A nephrostome
enlarged. s, marginal cells; c.s, central cell; g.c, grooved cells. (After
Benham.)

long narrow ciliated tube continuous with the narrow pre-
septal tube.—This tube is composed throughout of hollow
cells joined end to end like so many drain-pipes, and is ciliated
in certain parts of its course. (z) A short middle tube,
brown in colour and ciliated internally throughout its extent ;
(3) a wide tube which is not ciliated; (4) a relatively short
muscular tube or duct which opens to the exterior. The
three first sections are twined round each other in the manner
shown in fig. 5 to form two loops, the muscular duct forming
another loop separate from the other two. —Calling the
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muscular loop the first loop, we find that the second loop
lying nearest to it contains part of the wide tube and the
“greater part of the narrow tube, whilst the third loop contains
part of the wide tube, part of the narrow tube, and the whole
of the middle tube. All the tubes, with the possible ex-
ception of the muscular duct, are composed of hollow
“drain-pipe ” cells joined end to end, and the opening of the
nephrostome is due to the enlargement of the lumen of the
drain-pipe cells, accompanied by the thinning out and eventual
disappearance of their walls on one side.

The drain-pipe cells of the middle tube and wide tube are
glandular, and filled with excretory granules which are passed
in to the lumen of the nephridium and so to the exterior.
The opening of the nephrostome is nearly always choked
with broken-down corpuscles of the ccelomic fluid, which are
gradually swept by ciliary action into the nephr1d1a1 tube and
passed out of the body.

The nervous system consists of a pair of supra-pharyngeal
gangha lying just above the anterior end of the pharynx in the
third somite. They give off large nerves to the prostomium
and smaller nerves to the second and third segments. The
supra-pharyngeal ganglia are connected by a pair of circum-
pharyngeal connectives passing on either side of the pharynx,
“with a sub-pharyngeal ganglion pair lying in the fourth
_segment. From' the sub-pharyngeal ganglion pair a ventral
nerve-cord is continued straight backwards in the mid-ventral
line to the posterior end of the body. In each somite the
ventral cord-swells up to form a ganglionic enlargement from
which three pairs of nerves are given off, two close together
“in the hinder part of the somite and one pair more anteriorly.
The nerves contain both afferent and efferent fibres, and pass
to the musculature and integument of the body-wall. It is
noteworthy that the efferent fibres originate from nerve ganghon
cells situated in the ganglionic enlargements of the cord, whilst
the afferent fibres originate from sense cells in the ep1derm1s
and their inner ends branch and come into contact, but do
not unite with the plexus of nerve fibrils in the cord.

‘I‘hough the ventral nerve cord appears to be single it is
really double, being composed of two longitudinal ganglionated
cords firmly fused together.  The double nature of the cord
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can best be seen in transverse sections (fig. 7), when it can be
seen that it is divided into right and left halves by a median
vertical partition of connective tissue. The lower and lateral
parts of each half are occupied in the ganglionic swellings by
nerve ganglion cells, and the middle and upper parts by fine’
longitudinally disposed nerve-fibres. In the upper part of the
cord there are three so-called giant-fibres, looking like three
large tubes. Each consists of a central bundle of nerve-fibres
enclosed in a double sheath, the bundles being direct pro-
{ongations of certain large nerve ganglion cells. In the adult
worm the nerve cord lies wholly in the body-cavity, but it will
be shown that in development it arises from the ectoderm in
the form of two bands of cells which unite in the middle line
and sink below the epidermis.
" The blood-vascular system of Lumbricus herculens com-
prises five main longitudinal trunks with their branches and
communicating vessels. (1) The dorsal or supra-intestinal
trunk lies just above the gut, extending from the pharynx to
the hinder end of the body ; anteriorly it breaks up to form
a plexus of branching vessels on the walls of the pharynx.
The course of the blood in the supra-intestinal vessel is from
behind forwards. (2) The sub-intestinal trunk lies:between
the gut and the ventral nerve cord, being suspended from the
former by a vertical fold of connective tissue. In it the blood
__runs from before backwards. (3) The sub-neural trunk lies

close under the ventral nerve cord ; in it the blood runs from

‘before backwards. (4 and 5) The lateral-neural trunks are
closely applied one to each side of the ventral nerve cord.
The principal connections between and branches from these
vessels are shown in the diagrams 4, B, C, D, fig. 6. The
supra-intestinal trunk communicates with the sub-intestinal
trunk by five pairs of dilated contractile vessels, one pair in
each of the segments 7—i11. These enlarged vessels, called
hearts, are conspicuous objects when the worm is opened from
above.” The blood running forwards in the supra-intestinal
vessel is driven by the contraction of the hearts into the sub-
intestinal vessel, and there flows in the reverse direction.
Each heart gives off @‘s_@icfrlfa “branch. which passes to the
septum behind and supplies branches to it.

~The blood in the sub-intestinal vessel is carried outwards
by two vessels in each somite. Of these one goes to the




A Uy { ']

7 28 COMPARATIVE ANATOMY

v

body-wall and outer integument, the other to thé nephridium.
In the integument the blood, being brought in close con-
tact with the air, is oxygenated, and is returned by two sets
of vessels to the main trunks. One set leads straight to
the sub-neural trunk, in which the blood is carried back-
wards to the posterior part of the body. The other set .
carry the blood to a special system known as the intestino-
tegumentary system. The intestino-tegumentary vessels arise
“one from each side of the supra-intestinal trunk in the tenth
somite, and run forwards on the sides of the cesophagus, even-
tually breaking up into branches on the walls of the pharynx.
In each of the somites 10—6 they give off on either side a
vessel carrying blood to the walls of -the cesophagus, and they
receive trunks carrying back blood from the integument and
nephridium respectively (fig. 6, 4 and B).

Posteriorly to the eighteenth somite — that is to say,
throughout the region of the intestine—the arrangement of the
blood-vessels is different. The main trunks make the follow-
ing communications, and give off the following branches in
each somite :—The sub-intestinal trunk gives off a vessel on
either side, which divides into two branches, one passing to
the nephridium, the other to the body-wall and integument, .
and supplying these regions with blood. The sub-neural is
connected with the supra-intestinal trunk by a pair of commis-
sural vessels running in the hind wall of the septum. Each
commissural vessel is joined by branches bringing back blood
from the’ body-wall and integument, and by an efferent
nephridial vessel bringing back blood from the nephridium.
There is, in addition, an intestinal system consisting of two
pairs of efferent intestinal vessels carrying blood from the supra-
intestinal trunk to the walls of the intestine in every segment.
The blood, after passing through capillaries in the walls of the
intestine, is collected by two pairs of afferent intestinal vessels
and carried back to a typhlosolar vessel running longitudinally
in the fold of the typhlosole, and from this it is conducted
back to the supra-intestinal trunk by three or four short vertical
vessels in each somite.

The circulation of the blood in the earthworm is thus a very
complicated affair, and much uncertainty still prevails on the
subject. The uncertainty is increased by the fact that the
arrangement of the blood-vessels, and consequently the course
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Fig. 6

A series of diagrams to illustrate the arrangement of the blood-vessels and the course

of the circulation in Zumbricus hevculeus. A. Longitudinal view of the vessels
in somites 8, g and 10. B. The blood-vessels as seen in transverse section in
the same region. C. Longitudinal view of the vessels in the intestinal region.
D. Transverse section through the intestinal region. s, supra-intestinal; s,
sub-intestinal, and sz, sub-neural longitudinal trunks ; #/, lateral neural vessels ;
ht, ht, contractile vesselsor ‘“‘hearts”; 77, intestino-tegumentary vessels; cv,
commissural vessels ; af.7, afferent intestinal vessels; e/i7, efferent intestinal
vessels ; #y, typhlosolar vessel ; 7, intestine ; @, cesophagus ; s,s, septa. (From a
drawing by Dr W. B. Benham.)
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of the blood stream, differs considerably in different species of
oligocheete worms, so that the statements of one author fre-
quently seem to stand in contradiction to those of another who
has worked on a different species. The account given above
is probably nearly correct for Z. Zerculens. 1t will be observed

[~ that the blood of the sub-intestinal vessel must pass either

[

_through the body-w. all or through the néphr1d1a before it finds

_its way back to the supra-intestinal trunk, so that in the one

case it is oxygenated, in the other case it is _purged of

__excretory nitrogenous material. In the anterior region of the

body, where there are no commissural vessels, the oxygenated
blood from the body-wall is carried back to the intestino-tegu-
mentary vessels, and then distributed to the pharynx and
anterior segments.

It is beyond the scope of the present work to enter into a
detailed account of the histology of the different organs of the
earthworm, but the general relations of the organs and the
general histology of the tissues as visible in transverse section
are represented in fig. 7. Externally the body is invested by a
cuticle, which may easty be stripped off a worm which has

been left some time in water. 1t is perforated by numerous
minute pores, the orifices of unicellular glands of the epi-
dermis, and viewed from above it is seen to be traversed by
two sets of fine lines or strize, which cause the iridescent hues
mentioned above.  Beneath the cuticle is the epidermis
formed of two layers of cells. The innermost layer consists
of very small cells, the inner broad ends of which lic on a
basement membrane, their outer ends being pointed and
wedged in among the cells of the outer layer. The outer
_layer consists of gland-cells, interstitial cells, and sense cells.
The ‘gland cells are pear-shaped, the narrower end directed
inwards, and the swollen outer part filled with granules. The
interstitial cells are much smaller than the gland cells, and
may be described as modified columnar epithelial cells.
Amongst them are many rod-shaped cells, not differing much
in_appearance from ordinary “interstitial cells, but having
their inner ends produced into fine fibrils, one of which is
continued into a nerve trunk as a sensory or afferent nerve
fibril. In the anterior segments of the body groups of sense
cells furnished with fine processes at their outer extremities
are found, chiefly in proximity to the chate. The modified
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epidermis of the clitellum is made up of several layers of
glandular cells. 3o

- The sacs in which the chwtz are implanted are invagina-

\ 5
L.m.

Fig. 7

A transverse section through the intestinal region of Lumbricus herculeus magnified.
Ck, ch, chzta; cir. m, layer of circular muscles; ¢/g, chloragogen cells ; cx,
cuticle; d@.p, dorsal pore; ep, epidermis; 7, intestine; /2, longitudinal
muscles ; #c, nerve cord; npk, nephridium; sb, sub-intestinal blood-vessel,
below it are the sub-neural and lateral neural vessels attached to the nerve cord ;
sp, supra-intestinal blood-vessel ; Zy, typhlosole.

tions of the epidermis. The cuticle forms a lining to the sac

for a certain distance : beyond this the chaeta ends in a mass of

cells, each one of which can produce a new chata to replace

the old one. Beneath the epidermis is a layer of circular

muscle fibres embedded in a granular nucleated substance.
The individual muscle fibres are elongate, pointed at both
ends, and Tongitudinally striated.
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Internal to the circular layer is a much thicker layer of
longitudinal muscles, imbedded, like those of the circular
layer, in a granular substance. The muscle fibres are identical
in structure with those of the granular layer and are - arranged
in such regular rows that the layer appears to consist of a
series of radial connective tissue septa with the muscle fibres
attached on either side of every septum, looking in transverse
section like the barbs of a feather. The layer of longitudinal
muscles is much thicker than the circular layer. Internal to
the longitudinal muscles is a layer of pavement epithelium
forming the lining of the ceelomic cavity.

The gut lics free in the ccelomic space and is not attached
to the body wall by vertical mesenteries, though a suspensory
fold connects it in the mid-ventral line with the sub-intestinal
blood-vessel. (The section drawn in fig. 7 passes close to a
septum, and the strands of tissue passing from the body-wall
to the gut on the dorsal side are not mesenteries but folds of
the septum.) The ccelomic epithelium covering the intestine
is modified to form the peculiar chloragogen cells whose
characters have already been noted. Similar chloragogen
cells surround the supra-intestinal blood-vessel, and are con-
tinued downwards into the fold of the typhlosole. Beneath
the chloragogen cells, which are, it must be remembered,
ccelomic epithelium, is the muscular coat of the intestine,
chiefly composed of circular muscle fibres, the scanty longi-
tudinal fibres lying internal to the circular layer. The cavity
of the intestine is lined by an epithelial layer consisting of a
single layer of ciliated columnar cells. The structure of the
ventral nerve cord has already been described. ‘

/)
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CHAPTER XVIII
THE EARTHWORM — continued

THE earthworm is hermaphrodite (moncecious), being furnished
with two pairs of testes and one pair of ovaries, together with
accessory generative organs, which will now be described.
The ovaries are a pair of small pear-shaped bodies lying in
somite 13. They are attached by their broader ends to the
hinder face of the septum separating the 12th from the
13th somite, and lie low down in the body-cavity not far from
the ventral nerve cord. Essentially an ovary arises as a
local multiplication of cells of the ccclomic epithelium. Its
thicker end consists of a solid mass of cells or oogonia, and
the narrower end contains ripe ova, the intermediate part
being occupied by ova in different stages of maturation. The
mature ovum is surrounded by a distinct follicle consisting of
a single layer of flattened cells. On the bursting of the
follicle, the ovum, which is a large round cell with granular
cytoplasm and a very distinct nucleus and nucleolus, passes
into the cavity of the somite and is thence conducted to the
exterior by a special oviduct. There is a pair of oviducts
opening into segment 13 by wide ciliated funnel-shaped mouths.
Each duct passes through the septum separating segments
13 and 14, dilates on the other side of it to form a small
chamber, the receptaculum ovorum or ovisac, and turns
sharply outwards and downwards to open to the exterior by
the oviducal pore on segment 14. The ova remain for some
time in the ovisac before they pass to the exterior, and in it
they undergo the final phases of maturation.

The two pairs of testes are small digitate organs situated in
somites 1o and 11, in positions exactly corresponding with
those of the ovaries. Like the ovaries, they are local thick-
enings of the ccelomic epithelium, but the sperm mother-cells
produced from them do not develop into spermatozoa in the
testes themselves, but pass into two large sacs which surround

1] 580 33
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the testes and the openings of the sperm ducts, and there
undergo their further development.

The sperm-sacs, into which the sperm mother-cells are shed,
vary considerably in form and size at different seasons of the
year. When fully developed in the autumn months they are
conspicuous white structures with three pairs of lateral elon-
gated lobes projecting at the sides of the cesophagus. They
must be regarded as a special portion of the ccelomic cavity
which has been cut off by the growth of a horizontal partition
from the septa in segments 1o and 11. Each sperm-sac may
be regarded as consisting of two parts, a spacious median
unpaired sac, distinguished as the sperm-reservoir, and paired
lateral appendages of these, distinguished as the sperm-sacs
proper.

The anterior sperm-reservoir lies in the ventral part of
the r1oth somite, and its four corners are produced into
horns, which are the paired sperm-sacs. The antero-lateral
horns seem to project through the septum separating the
1oth from the gth somite, and to lie in the cavity of the
latter. But really they are covered by a pocket-like fold of
the septum, and therefore must be regarded as belonging
to the 1oth somite. Similarly, the postero-lateral horns push
the wall of the septum separating the 1oth from the 1rth
somite before them and seem to lie in the 11th somite.
The posterior seminal reservoir lies in somite 11, and has
only one pair of sperm-sacs connected with it; these spring
from the postero-lateral angles and push through the septum
behind so as to project into the 12th and even into the
13th somite. The cavities of the horns or sperm-sacs proper
are divided up by partitions into numerous chambers, but the
cavities of the median seminal reservoirs are not thus divided.

Immediately behind the testes in each seminal reservoir is
a pair_of large ciliated funnels whose walls are thrown into
numerous pleats like the folded filter papers used in chemical
experiments. These are the openings of the sperm-ducts, and
from their shape they are often called the ciliated rosettes.
The sperm-duct from each ciliated rosette of the anterior pair
passes through the septum dividing the 1oth from the 11th-
somite, runs outwards and backwards as a fine convoluted
tube in the ventral body-wall, and then turns backwards,
runs with a straight course T.hro“gh the next three somites,
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and opens to the exterior by the spermiducal pore on segment

15. The duct of each member of the second pair of ciliated
rosettes passes through the septum dividing somites 11 and 12,
and after a short convoluted course joins the duct of the
anterior rosette in segment 12. It should be clearly under-
stood that the median seminal reservoirs lie below the
_esophagus, but cover in_the testes, the cibated rc')settes and
_the ventral nerve cord (fig. 4,.58). i

In each of the somites 9 and 10 there is a pair_of accessory

%r_gans in the shape of small white spherical vesicles, opening
y small intersegmental pores between segments g9 and 10

‘and 10 and 11. These are the spermathece, and at certain
times of the year they contain large numbers of ripe sper-
matozoa, long filiform bodies slightly thickened at one end,

_and capable of active movement. The spermatozoa are formed
in_the sperm-sacs and seminal reservoirs from the sperm
mother-cells derived from the testes. The sperm mother-cells
divide in such a way as to form a peripheral layer of cells
attached by their inner ends to a central generally non-
nucleated mass of cytoplasm called the cytophore. The
nucleated cells surrounding it gradually increase in length,
and eventually are drawn out into long filiform structures
adhering by their thickened inner ends to the cytophore.
Ultimately they are detached as ripe spermatozoa, and_are
drawn by the cilia of the rosettes into the sperm-ducts, through
which they pass to the exterior. From the sperm-ducts the
spermatozoa are transferred to the spermathecee of another
worm, two worms in adjoining burrows coming together for
this purpose.

The ova of the earthworms are laid in cocoons which are
formed by the secretion of the glands of the cli clitellum. The
secretion hardens on exposure to the air, forming a mem-
branous ring which the worm slips over its head. _As the ring
passes the openings of the oviducts and spermathecz it
receives a number: of ova and spermatozoa,-and-also-albu-
minous matter secreted by certain capsulogenous glands
situated on the ventral side of some of the segments anterior
“to the clitellum. As the cocoon is elastic, it shrinks when
free of the worm, the middle part is swelled out by the ova
and albumen and the two ends are reduced to tag-like
projections. The cocoons are deposited in the earth. Asa
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rule, only one of the ova contained in a cocoon attains com-
plete_development.

The ova are spherical and laden with small clear yolk
spherules and granules, which, however, are not so abundant
as to prevent its being fairly transparent. The early stages of
segmentation are irregular, and when seven or eight cells are
formed the embryo consists of two large lower cells called
macromeres, surmounted by a cap of five or six smaller cells
called micromeres. As segmentation proceeds a cavity is
formed between the micromeres above and the macromeres
below, and the embryo becomes a hollow sphere or blastula,
whose walls are composed of a single layer of cells, those at
one pole being larger than those at the other, though it is not
any longer possible to make a distinction between macromeres
and micromeres. After the establishment of the blastula the
cells composing its walls divide repeatedly by radial divisions,
excepting two large cells lying close together near the equator.
These do not divide, and therefore retain their primitive size,
whilst the other cells of the embryo become smaller and
smaller as the result of continued division. These two
large cells are known as the pole-cells of the mesoblast, o
mesomeres. Their inner ends soon project into the cavity
of the blastula (blastoceele), and presently these inner ends
are segmented off to form two smaller cells lying in the
blastocoele, the two large parent cells retammg their position
at the surface of the embryo. This process is repeated several
times, so that two rows of small cells formed by successiv
unequal divisions of the mesomeres lie side by side in the
blastoccele.  During this time the mesomeres themselves

—~gradually sink below the surface and lie at the ends of the
two rows in the blastoccele. The mesomeres and the two

| rows of smaller cells derived from them are the mesoblastic
bands, from which the musculature of the body-wall and gut,
the coelomic _epithelium, the muscular septa, and the gonads

| | and their ducts are ceventually ~derived. —The mesoblastic

' “bands define the longitudinal or antero-posterior axis of the

future worm. The mesomeres are placed at what will be
the hinder end of the animal, the other ends of the bands,
which converge and unite in the middle line, consequently
represent the anterior end.

The blastula has hitherto been nearly spherical in shape.
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It now becomes elongated antero-posteriorly and flattened
_ from above downwards, so as to form an oval plate with

Fig. 8

Segmentation and early stages of development of Lwumbricus, after E. B. Wilson.
, B, C, D, successive stages of segmentation. Z. Blastula stage. /. Commence-
ment of invagination; the macromeres form a flat plate on the ventral side. G. An
embryo somewhat younger than # viewed from above, showing the mesomeres and
mesoblast rows derived from them. 77, Gastrula stage viewed from below, showing the
wide oval blastopore bounded by macrumeres ; at the sides the micromeres are growing
over the macromeres. /. Later stage, showing the elongated blastopore and the further
overgrowth of the macromeres by the micromeres. A Optical longitudinal section
through a later stage after closure of the blastopore. &4, blastopore ; ec, ectoderm ;
en, endoderm ; ent, enteron ; ac, macromeres ; zzes, mesoblast ; z2ic, micromeres ; m2m,
mesomeres.

rounded edges. The cells on one side, the lower side, are
larger than those on the upper side, and become fall and
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columnar, forming a perfectly flat plate. The cells on the
upper side become flattened and form a relatively thin roof to
the still persistent, though much reduced blastoccele. ~The meso-
meres lie side by side in the posterior end of-the-blastoccele ;
the mesoblast bands in front of them diverge from one another
and press forwards and downwards, their anterior ends being
widely separated from one another at this stage.

The flattened embryo now begins to fold up along the
antero-posterior axis, and at the same time the anterior and
posterior ends are bent over downwards so that the lower
surface formed by the large cells becomes concave. At the
same time, the small cells on the upper side begin to grow
over the large cells all round the edge of the plate. As the
plate of large cells at the lower side becomes more and more
concave through the folding over of its edges, and as the
small cells grow further and further over the infolded cells of
the lower layer, an embryo such as is shown in fig. 8, /A, 1s
produced. It is ovoid in shape, and on its lower side there is
a large oval orifice leading into a cavity which is lined by the
large cells which at anearlier stage formed the flat lower
plate. The cavity is the enteron or primitive gut, and the
large orifice leading into it is the blastopore. The lips of the
blastopore are still bounded by large cells, but elsewhere the
small flattened cells have grown over the large cells and form
a nearly complete external investment for the embryo. Asa
result of the folding up of the lower plate, the blastoccele has
almost wholly disappeared, but the mesomeres and the meso-
blast bands derived from them lie between the large and the
small cells at the sides of the embryo. The three germinal
layers are now definitely established. The small outer cells
are the epiblast (or ectoderm), the large cells lining the
enteron are the hypoblast (or endoderm), and the pole
cells with the mesoblastic bands are the mesoblast (or
mesoderm). The process by which the hypoblast cells
become folded up, so as to enclose a cavity opening to
the exterior by the-blastopore;~is- known as a process of

In the course of further growth the blastopore becomes
slit-like through the continued folding in of its lateral walls,
and_eventually the walls meet and coalesce behind, the coal-
escence passing rapidly forward till only a small orifice is left
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_at the anterior end, which persists and forms the mouth of the
adult animal.

During these changes important developments have taken
place in the mesoblastic bands. At first each band consisted
of a single row of cells which had been successively budded
off from the mesomeres. As growth proceeds and the embryo
elongates, not only are fresh cells added to each existing row
by continued unequal division of the pole-cells, but the more
anterior cells of each row begin to divide horizontally, so that
each row becomes two or three cells deep in its anterior part.
During the formation of the enteron the anterior ends also
grow upwards and forwards till they meet and unite in front of
the blastopore, so that the last named is completely surrounded

by the mesoblast as it were with a ring. As the blastopore
narrows and closes up from behind forwards, the mesoblast
bands are approximated to one another, and form two nearly
parallel bands, one on either side of the middle line. At the
same fime the epiblast overlying the mesoblast becomes
thickened. The cells of this thickened area are only one
layer deep, but they are columnar, and pass rather suddenly
into the flattened epithelium, which elsewhere forms the outer
layer of the embryo. As development proceeds these lateral
bands of thickened epiblast extend forwards till they meet
above and in front of the blastopore, and somewhat later they
send out ventral extensions, which meet behind the blastopore
and enclose it, forming thickened lips. These lips afterwards
grow into the blastopore, and form an epiblastic lining to the
entrance to the enteron. An epiblastic ingrowth of this kind
into the mouth is called a stomodeeum. On the formation of
the stomodzum the embryo begins to engulf the albumen
~contained in the cocoon, and so obtains the food necessary for
its further development.

The changes which follow affect the mesoblast bands and
the thickened epiblast lying immediately outside them. The
mesoblast cells in the anterior and middle parts of the bands
continue to divide by both horizontal and vertical divisions, so
that the bands become several cells deep, and more than one
cell thick. At the same time, each band becomes divided from
before backwards into_a number of blocks, the mesoblastic
somites. ‘The successive somites of the right and left bands
form pairs. They are solid at first, but shortly a cavity appears
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/! in each, and they grow upwards and downwards, pushing their

way between the epiblast and hypoblast. Eventually the
somites of each pair meet above and below, and fuse in the
mid-dorsal and mid-ventral lines. The effect of this is that in
each pair of somites an inner layer of cells applied to the gut is
separated from an outer layer applied to the body wall. The
former may be called the splanchnopleur, the latter the
somatopleur, and the two are separated by a space lying out-
side the enteron, which is the ccelom or body-cavity. The
transverse partitions separating the successive pairs of meso-

he ccelom, then, is formed as a series of paired cavities| -
hollowed out in the mesoblast, the cavities of each pair meet-
ing and coalescing above and below. The inner layer of
mesoblast cells or splanchnopleur forms the musculature of the
gut and the ccelomic epithelium surrounding the gut, the outer
layer or somatopleur forms the musculature of the body-wall
and the ceelomic epithelium internal to it.

Coincidently with these changes, important differentiations
make their appearance in the thickened epiblast lying outside
the mesoblast bands. On either side of the mid-ventral line
the epiblast is arranged in three or four distinct rows of cubical
cells, each row ending posteriorly in a rounded cell known as
the teloblast. At first these rows are part of the superficial
epiblast, but as development proceeds they sink inwards, are
overgrown by the adjacent epiblast, and come to lie between
it and the mesoblast bands. As the embryo increases in_
length so do the rows increase by continued addition of new
cells budded off from the terminal teloblast. Of the three or
four rows on each side the innermost—:z.e. the rows nearest the
mid-ventral line—give rise to the ventral nerve cord, and are
therefore called the neural rows, and their teloblasts the neuro-
blasts. The two succeeding rows on each side give rise to the
nephridia and the inner row of chzta glands, hence they are
called_nephric rows, and their teloblasts nephroblasts. The
fate of the outermost rows is rather doubtful, but probably they
give rise to the outer rows of chata glands.

~ "As the mesoblastic somites are successively formed from
before backwards, the cells of the nephric rows become con-
verted into nephridia, one nephric cell giving rise to a
nephridium on either side of each somite. The development
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Fig. 9

. Lateral view of an embryo of LZumbricus fwtidus, in which the germ bands are
clearly visible. B. Ventral view of the same embryo. C. Lateral view of an older
embryo. 2. Transverse section through the ventral half of an embryo, showing
the cleavage of the mesoblast. Z£. Early stage in the development of a nephridium
of Rhiynchelmis, showing the pronephridiostome with a single flagellum. #. A
later stage in the development of a nephridium. G. Nephridium in the eleventh
somite of a young worm. /7. View of an older embryo of Lumbricus. ec, ecto-
derm; en, endoderm; enf, enteron; ext, external pore of nephridium; go,
gonad ; mizes, mesoderm; s, mesomeres; nep, nephroblasts; nexr, neuro-
blasts ; 7%, nephridia; gnp, pronephrostome; s.s, septa; sf, stomodaum. (A4
to D after E. B. Wilson ; % to G after Vejdovsky ; / after Kowalevsky.)
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vidual nephric cell increases in size, becomes detached from the
nephric row and takes up a position among the cells of a
septum separating two somites. It then divides into two cells,
a larger lying partly imbedded in, partly projecting in front of,
the septum, and a smaller projecting behind the nephridium.
The large anterior cell gives rise to the nephrostome, which is
at first very simple, consisting of two cells enclosing a cavity,
within which is a single flagellum. The small hinder cell by
repeated transverse division gives rise to a row of cells, which
grows towards, and eventually becomes attached by one end to,
the ventral epiblast. The cells of this row are at first solid,
but eventually they become hollow, and the row, greatly in-
creased in length and thrown into convolutions as the result of
a lateral outgrowth, the details of which need not detain us,
develops into the ciliated and glandular parts of the nephridial
tube. The muscular section of the nephridium is formed from
an invagination of the epiblast. By a further process of cell
division and growth the simple embryonic nephrostome becomes
converted into the complicated nephrostome of the adult.
Nephridia are not formed in the first pair of somites. It
appears from this that the nephridia are derived from the epi-
blast, and come into secondary relations with the cavities
hollowed out in the mesoblastic somites.

On the other hand, the sperm-ducts and oviducts appear to
be formed as outgrowths of the ccelomic epithelium. These
outgrowths penetrate the body-wall and acquire openings to
the exterior, the male and female generative pores. Thus,
although in position and structure the generative ducts offer a
strong resemblance to nephridia—they are developmentally
quite distinct from them. The nephridia are epiblastic struc-
tures which grow towards the mesoblast, the gonaducts are
/mesoblastic structures which grow outwards towards the miese-
o<hlast7 Since the two sets of organs are not homologous, it is
advisable to reserve the name peritoneal funnel exclusively for
structures which, like the gonaducts, are derived from the
mesoblast, and grow outwards, and acquire external openings.

To return to the mesoblast. bands. It has been shown that
at a comparatively early stage the two bands meet and unite
anteriorly dorsal to the persistent anterior part of the blasto-
pore which becomes the mouth. Whilst the mesoblastic
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somites are being formed behind the mouth, the cells of the
conjoined anterior ends of the bands become branched and
ameeboid, and ultimately arrange themselves so as to enclose
a single anterior median cavity, the prostomial or head cavity,
which 1s traversed by branched contractile cells. This anterior
cavity defines the prostomium, whose nature is therefore
different to that of the paired ccelomic cavities which follow
behind the mouth. Later in development the partition be-
tween the prostomial and first pair of ceelomic cavities breaks
down, as also do the septa between the first, second, and third
pairs of ccelomic cavities, leaving the large anterior cavity in
which the buccal cavity and pharynx lie in the adult.

Fig. 9, /7, shows an embryonic worm in a tolerably advanced
stage of development. As the mesoblastic somites are formed
from before backwards, the anterior part of the worm is fully
segmented, the somites of either side having coalesced both
ventrally and dorsally. A little further back the somites

have coalesced ventrally but do not reach up to the dorsal
surface, and still further back they are wholly confined to the
ventral surface. Consequently, in the middle and posterior
regions of the embryo, the upper surface and sides of the
body consist only of the enteron covered over by a thin layer
of flattened epiblast. In the further course of development
the successive somites meet and fuse dorsally, and new somites
are continually formed by budding from the mesomeres at the
hinder end of the body. As the segmentation is completed,
the embryonic cells are differentiated to form the tissues of the
adult, and with the formation of the typical number of segments
the worm is completed. The anus is formed late in embryonic
life by an ectodermic invagination meeting and fusing with
the enteron in the posterior segment.

There is every reason to believe that the earthworm is
descended from=aquatie;- and those in turn from marine
ancestors, and, therefore, the course of development has been
much modified in ¢onnection with the change from a marine
to a terrestrial habit. None the less, there are many in-
teresting lessons to be learned by the study of its development.
It is most important to remember_that the segmentation df
the body, which 1s so characteristic a feature of the earthworm
and all Annelid worms, is at first internal and affects only the
mesoblastic bands.‘;_ Only as the mesoblastic somites increase
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in extent and surround the gut do the structures derived from
the epiblast, the external skin, the nephridia, and the nerve
cord develop in segmental conmnection with the somites.
There is, however, one region of the body which is not
segmented—namely, the prostomium with its single prostomial
cavity. This regioni is"so much reduced in earthworms that
its importance is easily overlooked, but it attains greater
development in many other worms, and, indeed, preponderates
during larval life. In order to understand better the segment-
ation or metamerism of the earthworm, it will be advisable to
consider shortly the structure of some of the nearest allies of
the earthworms.



CHAPTER XIX

THE ANNELIDA

THE metamerically segmented worms are grouped together
in a phylum Annelida, the name having reference to the
external annulation of their bodies. The phylum comprises
four classes, the Archiannelida, the Chatopoda, or bristle
worms, the Hirudinea or leeches, and the Echiuroidea.

As an example of the Archiannelida we may take a small
marine worm called Polygordius, which is tolerably common
in the sand at a few fathoms depth in the Mediterranean Sea.
It is a small thread-like animal, only some three or four
centimetres in length and is externally marked into segments
by indistinct grooves. At its anterior end there is a distinct
head-lobe or prostomium which bears a pair of tentacles.
The mouth is situated on the ventral surface of the segment
following the prostomium, and the anus is placed on a terminal
swollen anal segment. On each side of the prostomium there
is a small oval depression or pit lined with cilia, and probably
functioning as a sense organ. There are no chate nor any
other appendages besides the prostomial tentacles.

The internal anatomy follows the same plan as that of
Lumbricus, but is simpler and more primitive. The nervous
system consists of a ventral nerve cord connected by cords
passing round the gullet with a cephalic ganglion which lies in
the prostomium. (In the earthworm the cephalic or supra-
pharyngeal ganglion has been shifted back to the 3rd seg-
ment.) The intestine is a simple straight tube passing from
mouth to anus and separated by the ccelomic cavity from the
body-wall. The ccelom is divided into compartments by
septa, and the internal segmentation corresponds with the
external segmentation. But whereas in the earthworm the
right and left ccelomic cavities in each somite are confluent
dorsally and ventrally, in Polygordius they are separated by
vertical partitions, and so the gut is suspended in the ccelom
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by a dorsal and a ventral mesentery. But the most important
feature in Polygordius is the almost complete repetition of the
organs in every segment of the body, so that the animal might
be likened to a chain each link of which is exactly similar to
the links in front of and behind it, with the exception of the
first and last, the prostomium and anal segment.

Thus, in every somite, except the first three and the last,
there is a section of the alimentary canal and the ventral nerve
cord. There is a pair of ccelomic cavities, lined by a flattened
ccelomic epithelium, a mass of somatic muscles consisting of
longitudinal fibres (the circular layer is not developed in
Polygordius), a pair of nephridia, and a pair of generative
organs or gonads. When all the organs are repeated in
successive segments in this manner the segmentation is said
to be homonomeus. In the earthworm, on the other hand,
the segmentation is heteronomous. Certain of the organs are
suppressed in some of the segments, and others attain to a
greater degree of elaboration in some segments than in others.
Thus the gut of the earthworm is considerably modified in the
anterior segments and enlarged to form the pharynx, crop,
gizzard, etc. The generative organs are much reduced
and are confined, in normal cases, to the roth, 1rth, and
13th somites. But it is not uncommon to find rudi-
ments of a pair of gonads in the twelfth segment, and a case
has been described in which an earthworm had gonads in
nine somites—viz. two pairs of testes in somites 10 and
11, and seven pairs of ovaries in segments 12 to 18 in-
clusive. From these and other considerations we are able
to infer that the earthworm is derived from an ancestor in
which all the segments were alike, as in Polygordius, and
that the heteronomy exhibited by existing earthworms is due
to specialisation involving the suppression of the gonads in
most of the somites, and the elaboration of other organs in
some few of the somites. :

There are no generative ducts in Polygordius. The sexes
are separate, and the generative products when ripe escape by
rupture of the body wall, sexual maturity involving the death
of the animal. The ova are shed into the water and there
fertilised. The ovum segments and develops into a curious
larval form known as the trochosphere. This larva is shaped
something like a humming-top, having the form of a flattened
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sphere produced into a conical projection at the lower pole.
Two parallel ciliated bands encircle the equator, and between
these the mouth opens on one side of the body. The mouth
leads into an cesophagus, which expands into a capacious

Fig. 10

A. Dorsal view of Polygordius appendiculatus. ct, cephalic tentacles; %, head ;
an, anus. B. Trochosphere larva of Polygordius. e, eyespot; m, mouth;
an, anus. C.and D. Stages in the development of the trochosphere into the
worm. pnp, pronephridium. Z%. Head and anterior segments of a polychzte,
Nereis rubicunda, showing the head, eyes, tentacles, and cirrhi, and parapodia.
(A to D after Fraipont, £ after Ehlers.)

stomach, from which a short and nearly straight intestine
proceeds, opening by an anus at the extremity of the conical
projection at the lower pole: There is a considerable space
between the walls of the gut and the body-wall ; this space is
filled with fluid, contains a few scattered stellate cells, and is
traversed by a few muscular fibres; but it must not be con-
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fused with the ccelom of the adult worm, being in fact the
persistent blastoccele formed in course of segmentation. At
the upper pole there is an epidermic thickening which develops
into the cerebral ganglion of the adult worm, and a pair of
eyespots are developed in connection with this larval nervous
plate.

On each side of the lower end of the stomach is a pro-
visional excretory organ in the shape of a delicate tube
opening by a ciliated funnel into the blastoccele. These tubes
are known by the namé of the head-kidneys or pronephridia.
Lastly, there is a plate of cells lying on each side of the
intestine and ending posteriorly in a pole-cell or mesomere.
These are the mesoblast bands, homologous with the similarly
named organs in the earthworm.

The adult worm is formed by the continued elongation of
the conical projection at the lower pole of the larva. As the
cone increases in length the mesoblast bands grow back into
it and become segmented from before backwards, forming
mesoblastic somites which become hollow and give rise to the
ccelom, much in the same way as in the earthworm. But
whereas in the earthworm the right and left members of each
pair of ccelomic pouches fuse dorsally and ventrally, in Poly-
gordius they remain distinct and are separated by the dorsal
and ventral mesenteries described above. The cavity of the
pre-oral lobe becomes the cavity of the prostomium in the
adult. A glance at Fig. 10 will show how the body of the
worm is evolved out of the trochosphere.

The Chatopod worms are so called because of the chata
borne upon the segments of the body. The class Chatopoda
is divided into two orders, Polych®ta and Oligochzta. The
last named group, of which Lumbricus is a member, have
small inconspicuous chate unsupported by projections of the
body-wall ; the prostomial region is much reduced, and the
gonads are few in number and restricted to certain segments.
The Oligochzeta are mostly terrestrial or fresh-water worms,
but a few are marine.

The Polycheta have numerous chatae borne upon special
processes of the body-wall called parapodia. Usually there is
a distinct head formed by the fusion of the prostomium with
two or three of the following segments. The prostomium
usually bears tentacles on its dorsal side and a pair of palps
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on its ventral side. The buccal cavity and pharynx are often
protusible and provided with powerful chitinous jaws and
plates. = The body is segmented, but the internal septa often
break down so that there is a continuous ccelomic space
surrounding the gut. The gonads are developed from the
ceelomic epithelium, and instead of being restricted in position
as in the oligochata, are more scattered over the body,
occurring in the cavities of the parapodia, on the course of
the oblique muscles which traverse the ccelom, on the course
of the blood-vessels, on the walls of the intestine, or even on
the body-wall. Nephridia generally occur in all the segments
except a few of the most anterior and posterior, but are reduced
in number and restricted to certain segments in some forms.

The parapodia are hollow lateral processes of the body.
Usually there are no parapodia on the mouth segment
(peristomium), but they are present on all the other segments
except the last. The parapodia are often double, consisting
of a dorsal branch called the notopodium, and a ventral branch
called the neuropodium. Each bears a bunch of sete, among
which specially large deeply embedded ones are known as
acicula. Typically both notopodium and neuropodium bear
filiform appendages called cirrhi; these may be modified in
various ways to form branchiz, or flattened protective scales
called elytra. Many of the Polychata pass through a trocho-
sphere stage in development. The trochosphere may be more
or less disguised, but in some cases it presents a remarkably
close resemblance to the larva of Polygordius.

The Hirudinea or leeches are elongated vermiform animals

with an external annulation which does not correspond with
the internal segmentation. One member of the class has
chaetee, but these structures are absent in all other leeches.
The ccelom is curiously broken up into a number of spaces
and channels, and the remainder of the body-cavity is filled
with a peculiar form of tissue known as botryoidal tissue. A
description of the medicinal leech is.given in Marshall and
Hurst’s * Elementary Zoology,” from_which_the student can
learn all the important facts concerning its anatomy.
" The Lchiuroidea comprise a small group of peculiar vermi-
form marine animals provided with a pair of hooked chete.
In the case of two members of the group there is a typical
trochosphere larva. :

II. D
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Comparing the different members of the Annelids with one
another, one cannot fail to be struck by the general uniformity
of structure throughout the group, a uniformity which extends
even to developmental details. Metameric segmentation of
the body is characteristic of the phylum, and the nervous
system, the ccelom and its relation to the nephridia are
remarkably similar in the different classes into which it is
divided. It is significant, too, that the trochosphere larva is
of frequent occurrence, being absent only in those classes
which, like the Oligochzta, have taken to a terrestrial or fresh-
water habit of life, or, like the Hirudinea, are semi-parasitic.
There are weighty reasons for believing that animal life was
first developed in the sea, and then spread to fresh waters and
dry land. If this belief is well founded, special interest attaches
to the trochosphere larva so frequently interpolated in the life-
histories of marine annelids. It is regarded by many authors
as the representative of the ancestral form from which all the
Annelida (and, as we shall see, other groups of animals) have
sprung, its absence in terrestrial and fresh-water forms being
explained by the unsuitability of the conditions of life to such
a form of larval existence. How far the typical trochosphere
may be representative of the actual Annelid ancestor is, of
course, a question to which we are unable to give a positive
answer. It must be remembered that there are many forms
of polychate trochospheres differing from one another in more
or less important details, especially in the arrangement of the
ciliated rings. Among so many forms it is impossible to fix
with certainty upon one and say,—* This is the representative
of the Annelid ancestor.” Moreover, it is certain that the
trochosphere, leading a free existence, and competing with
numbers of its own and other kinds for the means of existence,
must have been modified in the course of ages by the action of
natural selection. Hence we can only say that existing trocho-
spheres enable us to form a general idea of the ancestral form
from which all the Annelida are derived, but we must not regard
that form as having had an exact resemblance to any one
trochosphere. But the development of the worm from the
trochosphere proceeds on so nearly exactly the same lines in
all cases, or, when the trochosphere form is masked or sup-
pressed, the development offers such obvious resemblances to
the course followed—e.g. in Polygordius—that we are able to
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make definite assertions about the origin of the segmented
bodies of worms, and of their most characteristic organs.
Thus we always find the mesoblast formed from a pair of cells
called mesomeres, which are set apart during the segmentation
of the ovum, and give rise to a pair of cellular bands placed
right and left of the middle line.

We can assert, as a general rule, that the metamerism of the
adult worm is brought about by the segmentation of these
bands, and that the ccelom arises as a series of paired pouches
through the hollowing out of the segments thus produced. We
can assert that the true nephridia are formed from the ecto-
derm, and thence grow towards and open into the ccelomic
pouches, whilst peritoneal funnels functioning as generative
ducts are formed as outgrowths from the ccelom towards the
exterior. We can assert that the head-cavity or prostomium
differs from the paired ccelomic cavities of the body proper, and
is in fact the representative of the provisional body-cavity of
the trochosphere larva, and therefore a part of the persistent
blastoccele. We can assert that the supra-cesophageal ganglion
is formed from the apical sense-organ of the trochosphere, and
that the ventral cord primitively arose independently of it, as
a differentiation of the ventral epiblast forming a thickening
which may be called the ventral plate. And, finally, we may
fairly assume that the multi-segmented Annelid was evolved
from an ancestor which showed no more trace of segmentation
than the trochosphere itself. aghe

Having satisfied ourselves on these points, we may naturally \
ask: What is the 51gn1ﬁcance of this metameric repetition of parts |

_which is so_prominent a feature in the development and adult |

anatomy of Annelid worms? What explanatlon can we give of |

e |

this_peculiar course of evolution resulting in an animal “which |
may be described as consisting of a head- region_(prostomium |
_and mouth segment), to which a string of segments 1s attached?
It is, of course, difficult, if not impossible, to give an exact
answer to such a question, but the comparison of the adult
anatomy of a number of worms enables us to make a plausible
conjecture. It has been shown that in Polygordius nearly all
__the somites contain gonads, that in the Polychata the genera-
__tive cells, ova or spermatozoa, may originate from nearly any part | '
of the ccelomic epithelium, and that the generative products,

ova and spermatozoa, are invariably derived from that epi- |

b
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thelium. It has further been shown (p. 16) that in the redia of
the liver-fluke there is a body-cavity surrounding the gut, and
that in this case also reproductive cells are formed from the
epithelium lining the cavity, which obviously functions as a
generative sac or pouch. Putting all these facts together, the
invariable association between body-cavity and reproductive
cells suggests the explanation that the body-c cav1ty was originally

redia, and the more comphcated arrangements which we see in
the Annelids are secondary modifications acquired in the course
of evolution in correspondence with the growing needs of the
organisms in which they occur.

Adopting this as the most probable explanation of the origin
of the ccelom, we may further infer that metameric segmentation
owes its origin to a repetitive multiplication of generative

_pouches. Instances of an analogous multiplication of the
generative organs may be found in the Platyhelmia. In the
Turbellaria the reproductive organs are multiplied, and in some

_ cases exhibit a paired arrangement. In the Cestoda they are

commonly repeated and arranged in series, and in the more
elaborate forms each proglottis is a detachable reproductive
segment provided with a complete set of gonads and accessory
glands with their ducts. The repetltlon of the reproductive
organs, admitting of a vast increase in_the fertility of an organ-
ism, is clearly of advantage in the struggle for existence, for
the more numerous the progeny the greater the chance of
the survival of the species. In free-living, non-parasitic animals
like chztopod worms it is evident that the conditions of

existence would necessitate the development of the muscular,
alimentary, nervous, and excretory systems pari passu with the

multlEhcatlon “of the generatlve organs. Integration would go

\hand -in-hand with repetition of parts.

This explanation of metameric segmentation is, of course,
extremely hypothetical, but it accords better than any other
with known embryological facts. The reader should be careful
to distinguish the facts from the hypothesis. The former, in so
far as they are records of truthful observation, will ever be a
valuable part of our scientific assets, but the discovery of new
facts may make the old hypothesis untenable, and give rise to
new interpretations of the old facts.



CHAPTER XX
THE MOLLUSCA

THE earthworm has been taken as an example of a bilaterally
symmetrical metamerically segmented ccelomate animal. The
snail and the fresh-water mussel are examples of a group which
is undoubtedly related to the Annelida, but differs so much
from them in organisation that it requires a very extensive
study to understand the relationship. The fresh-water mussel
is bilaterally symmetrical, the adult snail is not, and neither are
metamerically segmented. In both the ceelomic cavity is much
reduced, and both possess a number of structural features
peculiar to the phylum mollusca. It will be most convenient
to begin with the study of the fresh-water mussel, Anodonta
cygnea, for although this animal is deficient of some character-
istic molluscan organs, it serves better than the snailto illustrate
the main features of molluscan anatomy. As the anatomy of
Anodonta is fully described in Marshall and Hurst’s ¢ Practical
Zoology,” it will not be necessary to give more than a general
account of its structure.

Anodonta cygnea is a bivalve mollusc living partially im-
bedded in mud or sand at the bottom of fresh-water streams
and ponds. It is particularly abundant in some canals, such
as the Oxford and Birmingham Canal, into which it has made
its way from the Thames. Though by no means an active
animal, it is capable of ploughing its way slowly through the
mud by means of a powerful muscular organ called the foot.
_When alive and undisturbed the two halves or valves of the
shell are generally kept slightly apart, and the muscular plough-
share-shaped foot may be seen protruding from the blunter
_anterior end of the shell. When the animal is alarmed the foot
is withdrawn, and the two ‘valves are closed and held tightly
‘together by powerful muscles, so tightly that unless the muscles
are severed the valves cannot be forced apart without injury.
When dead the muscles are relaxed, and the shell gapes. Ifa
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living specimen is kept in an aquarium with sufficient sand or
mud at the bottom, it will be seen to bury the anterior and
blunter part of its body, leaving the posterior more pointed
part sticking up in the water. If a little indigo or other
colouring matter is dropped into the water near the posterior
end it will be seen to be swept into the cavity of the shell by a
current setting inwards just below the pointed end of the shell,
and after a while it will emerge from an aperture just above
this and be carried away by a current setting outwards. There
is, then, a constant stream of water passing through thé cavity
contained in the shell, the points of entrance and exit of the
current being situated close together at the hind end of the
body. The current subserves nutrition as well as respiration,
for the fresh-water mussel feeds entirely on minute animal and
vegetable organisms contained in the water.

An empty shell should be examined before proceeding to the
study of the internal structure. The shell is bivalve, consisting
of two pieces called valves, which are equal in size, similar,
and occupy the right and left sides of the animal. Each shell is
irregularly ovoid in outline, the anterior end being more

_rounded, the posterior end more tapering. The line along
which the two valves are hinged together is nearly straight, and
corresponds to the dorsal surface of the animal. The exterior
of each valve is of a dark olive green colour, and marked by a
number_of concentric lines parallel with the free margin.
These represent successive stages of growth, and start from a
more or less prominent projection situated close to the hinge
Tine, and much nearer the anterior than the posterior end of
the shell.  The prominence is called "the_umbo, and is the
oldest part of the shell. The internal surface of the shell is
white and pearly. If"a piece of the shell is ground down on a
stone it can easily be seen to be composed of three layers—viz.
an outer organic layer called the periostracum, formed of a
substance called conchiolin, which projects as a dark and

Hexible tim all round the margin of the shell ; a middle or pris-

matic layer, formed of the same substance, conchiolin, impreg-
nated with salts of lime arranged in prisms, and an inner layer
composed of mother-of-pearl or nacre, hence called the nacreous
layer. The inner surface of each valve exhibits certain well
defined depressions, which mark the attachment of the adductor
and_retractor muscles to be described presently. The anterior
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adductor impression is large and oval, close to the anterior
border of the shell, and necarer the dorsal than the vemtral
edge. Close behind it are two smaller impressions, the

_impression, the protractor impression below and separate from
the other two. The posterior adductor impression lies some
way from the posterior end of the shell near the dorsal border,
and immediately in front of it, and rather above it is the
smaller posterior retractor impression. A curved line running
parallel to the ventral border of the shell from the anterior to
the posterior adductor impression marks the attachment of the
mantle to the shell, and is called the pallial line.

The two valves are united along the hinge line by a strong
elastic ligament, which is kept stretched when the valves are
closed by the action of the adductor muscles ; it is due to the

elasticity of the hinge ligament that the valves gape when the
adductors_are relax.ga._ gTBe shell _c:frﬁ)é_oi)e_negdpby inserting
the blade of a knife between the margins of the shell, cutting
through the anterior and posterior adductor muscles, and after-
wards dividing the hinge ligament. It will then be seen that
each valve of the shell is lined by a sheet of soft muscular
tissue, which hangs down like a curtain from the dorsal region
~of the animal. %‘hls curtain is the mantle, a very important
and characteristic molluscan organ. On lifting up the near
flap of the mantle it can be seen that it is really a fold of the
dorsal wall of the animal, and that with its fellow it encloses
a considerable space—the sub-pallial space or mantle-cavity.
The line along which the mantle is attached to the body-wall is
shown in fig. r1. It starts high up at the anterior end above
the anterior adductor muscle ; curving round the front of this
muscle, it runs nearly straight backward for a short distance,
bends sharply upwards, and then descends with a long slope to
the bottom of the posterior adductor. Turning round the
posterior adductor, it runs forward again towards the dorsal
surface, and ends near the posterior end of the hinge line. The
free margin of the mantle is thickened and muscular, its edge
forming a rather prominent grooved border. The edges of
both flaps are free—z.e. they are not joined to one another
except at the extreme posterior end, where they are fused

together opposite the posterior adductor muscle for about half-

_an-inch. The edges then separate and run forwards a little
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further, as two rims bordering a narrow groove. Immediately
below the point of fusion the edge of each mantle-flap is
thickened and pigmented, and slightly scolloped out, and below
this point again the thickened edges are slightly scolloped out
and bear a fringe of small tentacles. In this manner two slit-
like passages are left between the opposed edges of the mantle.
The lower passage, bordered by tentacles, is the inhalant,
the upper one is the exhalant aperture.

FigE Ly

Anodonta cygnea. The animalis shown lying in the right valve of the shell. The
left valve and the left mantle-flap have been removed. A4.A4dd, anterior
adductor muscle; 4.R, anterior retractor muscle; C?, gill or ctenidium ; C#/,
posterior extension of the ctenidia forming the septum dividing the branchial
from the cloacal chamber ; ex, exhalant orifice ; #, foot ; 7/, heart seen through
the transparent pericardial wall; 7», inhalant orifice; Z.2, labial palps; 47,
right mantle-flap; A7/, line of attachment of left mantle-flap which has been
cut away ; P.Add, posterior adductor muscle ; P.R, posterior retractor muscle ;
Pt, protractor muscle of the foot.

The outer and middle layers of the shell are secreted by the
epithelium of the thickened border of the mantle. The inner
nacreous layer is secreted by the whole of the outer surface of
the mantle. On cutting away the mantle-flap of one side, the
general shape of the animal and some of its more important
organs lying in the mantle-cavity are exposed. Ventrally and
anteriorly is the triangular muscular foot, its anterior margin
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passing into the body just below and behind the anterior
adductor muscle. Posteriorly the foot is overlapped by the
anterior ends of a pair of long flat lamellate structures shaped
somewhat like pea-pods. These are the outer and inner gill-
_plates. On turning them up the posterior end of the foot is
seen to be prolonged into an elongate muscular band which
may be traced backwards to near the hinder border of the
posterior adductor. There it bifurcates, and its right and left -
_branches are attached to the valves of the shell at the spots
which have been described as the impressions of the posterior
retractors of the foot. The whole of the dorsal and dorso-
lateral integument, excepting a prominent ridge along the
mid-dorsal line, is thin and transparent, and some of the
viscera can be clearly seen through its walls. In the mid-
dorsal region there is a considerable space, looking dark when
seen through the thin body-wall. This space is the peri-
cardium, and it is traversed by the posterior part of the gut,
the latter being wrapped round by the ventricle of the heart.
There is no head, the fresh-water mussel, in common with
all bivalve or lamelli-branchiate molluscs, being destitute of any
definite prostomial region. The anterior adductor muscle,
which lies where the head should be, must not be regarded as
representing the head region, but rather as a special muscular
development of the anterior part of the mantle. The body of
the mussel, then, consists of a foot below, and a shapeless
dorsal region containing a large part of the viscera. This
latter region we may call the visceral hump. The wall of the
visceral hump s folded downwards on each side of the body to
form the extensive mantle-flaps, which secrete the bivalve shell.
~  The anterior ends of the gill-plates are attached to the body-
wall in the bay formed by the curved line of attachment of the
mantle a little way below the umbonal region. Just in front of
and below the anterior ends of the gills is a pair of triangular
flaps lying below the attachment of the mantle. The apices of
_the trnangles look downwards and backwards, their bases run
downwards and forwards from the anterior ends of the gills to
the angle between the upper anterior edge of the foot and the an-
terior adductor muscle. These flaps are called the labial palps.
Their edges are continued anteriorly round the front edge of
the foot, and pass into two similar palps on the opposite side of
the body. The labial palps form the upper and lower borders
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of a deep groove into which the mouth opens in the median
line just below the angle formed by the foot and anterior
adductor muscle. The anus lies in the mid-line posteriorly,
just above and behind the posterior adductor muscle. The
mouth is a simple round aperture destitute of jaws or any other

masticatory apparatus. It leads into a fairly wide but rather

Fig, 12

Diagrams of the anatomy of Anodonta cygnea. A. The animal lying in the
right valve of the shell, the left mantle-flap cut away, and the left gill
turned up to show the cleft ¢ between the inner gill-plate and the foot. A.
Diagrammatic longitudinal section of the body to show the course of the
alimentary canal. C. Dissection to show the nervous system, the position
of the heart and pericardium, and the excretory organs. D. An enlarged
view of the heart, pericardium, and excretory organ (organ of Bojanus).
an, anus ; Awu, auricle; Bo, excretory organ; ¢, cleft between foot and
inner gill-plate ; /4 floor of pericardium; g7, glandular part of excretory
organ ; ep, np, excretory pore ; g.cer, cerebral ganglion ; g.2, pedal ganglion
with otocyst; g.vis, visceral ganglion pair ; //#, heart ; 7z¢, intestine; /.4,
labial palps; 72, mouth; p, genital pore (the lower reference line should
point to e2.); Pc, pericardium ; Pc.o, opening of glandular parts of excretory
organ into the pericardium ; R, rectum ; s#, stomach ; %7, ureter or non-
glandular part of the excretory organ; V, ventricle of heart; », opening
of glandular part of excretory organ into the ureter.

short cesophagus, and this enlarges to form a stomach in the
upper_and anterior part of the visceral mass. The intestine
passes from the lower side of the stomach, is thrown into
several coils in the upper or visceral part of the foot, then
turns upwards, runs back in the mid-dorsal line through the
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pericardial-cavity and opens at the anus (fig. 12, B). The
stomach and coiled part of the intestine are embedded in a
mass of glandular tissue, which consists largely of the numerous
lobes of the Jlarge digestive glands which pour their secretion
by several ducts into the stomach.

The gills of the fresh-water mussel are as much concerned
with nutrition as with respiration. There is a pair of gill-plates
on either side of the body. Their anterior attachments have
already been noted. From thence they pass obliquely back-
wards and downwards beneath the posterior adductor muscle,
and project beyond the posterior end of the body, their hinder
ends being continued into a short horizontal septum, which is
attached to the sides and edges of the mantle, and separates
the inhalent from the exhalent aperture. _In this manner the
mantle cavity is divided into a large branchial cavity below,
and a smaller cloacal cavity lying behind and above the pos-
terior adductor muscle. The water taken in at the inhalent
aperture of the mantle has fo pass through the passages of the
gills before it can reach the cloacal chamber and be discharged
through the exhalent aperture. The gill-plates and the passages
formed by them are complex structures requiring careful study.
Each gill-plate is made up of a number of vertical bars, whose
free surfaces are covered by a richly ciliated columnar epi-
thelium. The bars are elongate oval in transverse section, and
their inner sides are thickened and fused together at irregular
intervals so as to form a plate perforated by numerous aper-
tures. Further than this, each gill-bar is bent back at a sharp
angle, the bars of the outer gill-plate being bent outwards, and
those of the inner gill-plate inwards. The reflected parts of the
gill-bars are fused together in the same manner as the vertical
descending portions, and thus each gill-plate is made up of an
outer and an inner Jamella, each lamella being formed by the
fusion at irregular intervals of a number of gill-bars lying side

_by side. The external and internal lamella are also connected
by a number of vertical ridges parallel to the gill-bars, and con-
taining blogd-vessels. Viewed in transverse section, the four
lamelle of the two gill-plates of one side present the figure of
a W, and the upper limbs of the W are attached to the mantle,
body-wall, or gill-plate of the opposite sides of the body in the
manner shown in the diagrams (fig. 13, 4, 5, and C). The
outer lamella of the outer gill-plate is attached by the whole

oV b
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length of its upper edge to _the mantle just below the line of
attachment of the latters~ The inner lamella of the outer gill-
plate is attached throughout the whole length of its upper edge
to the corresponding edge of the outer lamella of the inner gill-
plate. The fused edges are somewhat thickened, and in the
region of the foot are firmly attached to the body-wall. The| /.
inner lamella of the inner gill-plate is attached in its anterior e
portion for a distance of about three-quarters of an inch to the

body-wall. Its upper edge then becomes free, leaving a slit-

C

Diagrammatic transverse sections through Anodonta cygnea to show the at-
tachment of the gill-lamella to one another, to the mantle, and the foot. A,
section through the anterior part of the foot; B, through the hinder part
of the foot ; C, through the region posterior to the foot. «, outer lamella of
outer gill-plate ; 4, inner lamella of outer gill-plate; ¢, outer lamella of
inner gill-plate ; <, inner lamella of inner gill-plate ; £ foot ; 7z, mantle.

like space between itself and the posterior moiety of the foot,”
and behind the foot its upper edge is firmly fused with the cor-{ f*
A\ esponding edge of the corresponding lamella of the other side
¥ N \ of the body. Thus, in the anterior part of the gills there are
i four supra-branchial passages, two on each side of the body,
|

‘each enclosed between the outer and inner lamella of a gill-
plate. In the posterior region of the foot the four passages are

still present, but the inner passage of either side communicates

1, by aslitlike aperture with the branchial chamber, owing to the
detachment of the inner lamellee of the inner gill-plates from

: the body-wall.  Behind the foot, where the gills project freely
backwards into the mantle-cavity, the four branchial passages

open into one another above as is shown in fig. 13, C, and pass
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posteriorly into the cloacal chamber. A probe, passed back-

wards 1nto the slit between the foot and the gills, will traverse
the supra-branchial passage of one side and emerge in the
cloacal chamber just beneath the posterior adductor muscle.
The cilia which cover the gill-bars cause a constant stream of
water to flow through the inhalent aperture into the branchial
chamber. The water passes either through the pores in the
gill-plates or by way of the slits between the foot and the inner
Tamella of the inner gill-plates into the supra-branchial passages
and thence into the cloacal chamber and out by the exhalent
aperture. Any infusoria, diatoms, and other minute organ-
isms contained in the water are swept by the cilia of the gills
towards the labial palps. These, being richly ciliated, sweep
the organisms onwards down the grooves between the upper
and lower palps, and so into the mouth. The structure and
disposition of the gills of Anodonta, as described above, are very
complicated and difficult to understand. But in many bivalve
molluscs (the common sea mussel, My#ilus edulis, is a good
example) the structure is less complicated, and by a comparison

of these and many other forms we are enabled to understand o €
how the complexity in Anodonta has come about. The primi-

tive gill of a mollusc has been compared to a comb_with aJ
double series of teeth, and hence has been called a ctenidium.
It may be more aptly compared to a feather having=a tentral
axis and a number of filaments arranged along two opposite
sides of the axis like the barbs of a feather. The axis is
attached to the body-wall, and its other end bearing the plume
projects freely backwards into the mantle-cavity. This con-
dition is realised in a large number of living molluscs. If now,
as frequently happens, the axis lies close to the body-wall, and
is fused to it for the greater part of its length, the two rows of
filaments will droop vertically downwards in the mantle-cavity,
and will represent the outer and inner gill-plates. This con- _
dition again is represented in living molluscs. _Further, if the.
filaments become very long, are bent upwards again at an acute
angle, and are connected together, they will form two flat gill-
plates, each comprising an outer and an inner lamella. In the sea
mussel, My#ilus edulis, the gillsare in this condition, the fila-
ments being loosely locked together by patches of stiff cilia so
that they can be divided with great ease from one another.
The descending and ascending limbs of the filaments repre-
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senting the outer and inner lamellee are also united from place
to place by hollow outgrowths called inter-lamellar junctions,

Fig. 14

A. Diagram of the hinder face of a single gill filament of J/y¢ilus edulis.
dl, descending limb of the filament ; as/, ascending limb ; 77, inter-
lamellar junctions; c¢7, ciliated junctions. B. Vertical section
through the body of Anodonta cygnea in the posterior region of
the foot. Pc, pericardial cavity ; V, ventricle; A, auricles; R,
rectum wrapped round by the ventricle ; 7’C, vena cava below the
pericardial floor; U7, ureter or non-glandular part, and g7, glan-
dular part of the excretory organ ; S$4.p, supra-branchial passages ;
OG, outer gill lamella; /G, inner gill lamella; 47, mantle ; A7,
thickened muscular border of the mantle ; 7/, intestine, of which
there :)lre several coils in the foot. (B, original; 4 after Holman
Peck.

which clearly correspond to the vertical partitions connecting
the outer and inner lamine in Anodonta (fig. 13, 4). By
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fusion of adjacent filaments, increased development of the
inter-lamellar junctions, and fusion of the upper ends of the
ascending limbs (outer lamellee of the outer gill-plates, inner
lamelle of the inner plates) with the mantle or body-wall, or
gill of the opposite side, as the case may be, brings about the
condition found in Anodonta.

The colourless and corpusculated blood circulates in a
number of irregular lacunar spaces in the gills. From thence

it is returned by npumerous vessels running for the most part | gan
in the interlamellar junctions to a large pair of vessels tunning | Fue

afong the bases of the outer lamelle of the outer gills. ~These
efferent branchial veins carry the blood to a pair of wide, thin-
walled triangular sacs, the auricles of the heart, and these in
turn empty the blood into a median muscular ventricle of
which the position has already been noted. The two auricles
lie right and left of the ventricle, and traverse a considerable
space, the pericardial cavity, in which the ventricle also lies.
The ventricle is wrapped round the rectum, and gives off an
anterior and a posterior arterial vessel, the branches of which
carry the blood to the different parts of the body. The blood
from the foot, the visceral mass and the hinder part of the
body is collected into a large vessel lying in the middle line
below the floor of the pericardial cavity. Thence it is con-
ducted by afferent branchial vessels to the gills and from the
gills back to the heart again. The blood from the mantle
does not pass through the gills, but is returned direct to the
efferent branchial vessels, and so to the heart. This indicates
that the mantle is an auxiliary respiratory organ.

The wide pericardial cavity in which the heart and rectum
lie represents the perivisceral ccelom in the adult animal. In
the remainder of the visceral mass, in the foot and gills, the
perivisceral ccelom has disappeared and its place is taken
partly by the viscera including the large digestive glands,
partly by the extension of lacunar blood-spaces running
between the viscera and the muscle fibres of the foot. The
pericardial cavity, however, has no connection with the gen-
erative organs, and therefore represents only a part of the
_ coelomic space. The remaining part is represented by the,
onads, which will be described later. The ccclomic nature

i%the pericardial cavity is shown both by its not containing
| 'blo

od and by its relations to the excretory organs. }

It
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The excretory organs of Anodonta are often called the
organs of Bojanus. They lie under the floor of the pericardial
cavity and are paired, consisting on each side of a bent tube
opening by one end into the pericardial cavity, by the other
end into the branchial cavity.” The pericardial opening of
each side 1s a semilunar slit in the floor of the anterior end of
the pericardial cavity, below and rather to the side of the
rectum, just behind the point where the latter passes first
through the pericardial wall.  The slit leads into a wide
saccular tube whose walls are thrown into a number of folds
‘and are lined with a black glandular epithelium. This glan-
dular part of the excretory organ runs backwards below the
floor of the pericardium, and opens, a little way in front of its
posterior end, by a small aperture into a wide, non-glandular
_tube or excretory duct, which runs forward, above and to the
outer side of the glandular part, as far as the anterior end of
the pericardium, where it turns sharply downwards to open by
a small excretory pore between the two lamine of the inner
gill-plate, about one-eighth of an inch in front of the place
where the inner lamina becomes free from the body-wall.
_The genital ducts open by small pores just behind the
excretory pore of each side. The nervous system consists of
three pairs of ganglia united by nervous cords. The most
anterior pair is called the cerebral ganglion-pair, but it prob-
ably is a composite ganglion formed by the fusion of at least
two pairs of ganglia found in other molluscs. Each cerebral
ganglion lies at the hinder border of the mouth and below and
in front of the protractor muscle. It is of a deep orange colour,
and is connected with its fellow by a nerve running above the
mouth. Nerves connecting two ganglia of the same pair are

called commissures, and this is accordingly the cerebral com-

missure. Several nerves are given off from the cerebral ganglia
to the anterior part of the body and to the labial palps. Nerves
connecting ganglia of different pairs are called connectives,
and two such nerves are given off from each cerebral ganglion.
The cerebro-pedal connectives pass backwards and down-
wards to the pedal ganglia, which are situated close together
in the foot, at about one-third of the length of the foot from
the anterior edge, and just above the junction of the visceral
with the muscular part of the foot. Several nerves are given
off from the pedal ganglia, one of which passes back from each
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ganglion to the auditory organ or_otocyst, a small vesicle
lying a little way behind the ganglion and containing a
calcareous concretion or otolith. The cerebro-visceral con-
nectives run backwards on each side through the visceral
mass, traverse the lower surface of the glandular part of the
excretory organ, and end in a pair of closely apposed ganglia
on the under surface of the posterior adductor muscle. These
visceral-ganglia are only covered by a layer of columnar
epithelial cells, supposed to represent a patch of sensory
epithelium very generally associated with the ctenidia of
molluscs, and known as the osphradium.

The sexes in Anodonta are separate. The gonads in both
sexes are simple, consisting of a_mass of ovarian_or_testicular
tubes ramifying in thé visceral mass. The openings of the
gonads have been described ; they are just below the excretory
pores. The ova are swept into the cloacal chamber by the
incurrent stream of water, are fertilised there, and afterwards
passed into the inter-lamellar spaces of the outer gill-plate,
where they undergo segmentation and go through the early
stages of development. Thousands of embryos may be found
in this position in the summer and autumn months, but they
do not develop further, and remain in the brood-pouch formed
by the inter- lamellar chamber till the following spring. They
then emerge as peculiar larval forms known as Glochidia which_
are retained _by the parent in_the “brood-pouch_until_some
fish passes in the neighbourhood, when they are at once
ejected. A Glochidium differs a great deal from an
ordinary molluscan larva. It has a shell composed of a
pair of triangular valves, hinged together along the base line.
The apex of each triangular valve is turned inwards and forms
a stout hook, the outer surface of which is covered with spines.
There is only a single adductor muscle at the anterior end of
the body, and immediately behind this is a gland which secretes
a long sticky thread called the byssus. There is no foot, but
the mantle lobes are large and thick, and each is furnished "with
four peculiar sensory organs in the form of tufts of bristles
seated on as many large epidermic cells. The mouth is re-
presented by a stomodaeal invagination, and there is a small
gut or enterorn, but o anus. Traces of the nervous system
are present, and a pair of lateral pits may possibly represent
transitory sense organs. Posteriorly there is a tuft of cilia at

II. E
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the edges of the mantle. The Glochidia, when a fish is in their
neighbourhood, rapidly open and close their valves, and some
have the luck to attach themselves to a fish by the sticky byssus
thread and then fix themselves to the gills, fins, or tail by their
hooked valves. They become imbedded in the integument of

fpriaa =)

Fig. 13

Two views of the glochidium larva of Azodonta, after Schierholtz. A, from the
side; B, from below. a,a, bunches of seta; ad, the single adductor muscle ;
by, byssus; 4,4, hooks on the valves of the shell: /3, lateral pits; s%, shell;
st, stomodzal invagination ; 7g, visceral ganglion.

the fish and remain as parasites on it for several weeks, during
which time they undergo further development. The foot is
formed as an outgrowth behind the mouth, and the gills are
developed-as—a-series—of finger-like outgrowths on each side
of and somewhat behind the foot. The larval adductor
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muscle atrophies and is replaced by the permanent anterior
and posterior adductors, and the valves of the permanent shell
are formed inside those of the larval shell. At the end of from
_three to twelve weeks the young Anodonfa, now developed
beyond the glochidium_stage, quits the fish on which it has
been parasitic, and continues to grow and develop for another
_three or four years before it attains to sexual maturity.

The temporary parasitism of the glochidium larva on fishes
is an interesting example of adaptation to the conditions of
existence. The slow moving Anodonta, ploughing its way
through the mud and sand at the bottom of rivers, is incapable
of extensive migrations, and its progeny would soon accumulate
in such vast numbers in a given locality that they would be
unable to subsist there if they were not provided with some
means of dispersal. The glochidium, by attaching itself to the
fins of fishes, is carried, it may be, to a considerable distance
from its birthplace, and when it quits its host it has a better
chance of colonising some fresh ground where the competition
for the available food supply is less severe. Fresh-water
mussels have been observed to spread rapidly into newly made
canals, and their journeys in these new waters can only be

_accounted for by the opportunities for dispersal afforded by

the temporarily parasitic habits of their larvze.

Marine Lamellibranchs have free swimming ciliated larve
known as veligers. A fresh-water mussel, Dreissena poly-
morpha, allied to Anodonta, has a veliger larva, and its young
are therefore more readily dispersed. But the minute ciliated
larvee could not swim against the stream, yet Dreissena has
been known to spread from the brackish waters at the mouth
of the Rhine up as far as Mannheim, and from Mannheim up
the Main into the Main and Danube Canal, and now exists in
the Danube itself where it was formerly unknown. In this
case, the adult fixes itself by a byssus to various objects,
among others to the bottoms of boats, and thus has been
carried long distances against the stream. It has been carried
in the same manner up the Thames, and is abundant in the -
Oxford and Birmingham Canal. The two cases are instructive.
Anodonta has long been an inhabitant of fresh water, and its
development has been profoundly modified in connection
with its habitat. Dreissena has only recently taken to a fresh-
water life, and still lives in brackish waters in estuaries. It
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still retains the veliger larva characteristic of its marine rela-
tions, yet has been able, by taking advantage of the oppor-
tunities afforded by navigation, to spread itself far inland, and
even to attain to waters separated from its original habitat by
the whole width of a continent.



CHAPTER XXI

THE SNAIL—HELIX POMATIA AND
HELIX ASPERSA

THE fresh-water mussel, whose anatomy has been described
in the last chapter, is an example of a bilaterally-symmetrical,
headless, lamellibranchiate mollusc. It has a median anterior
mouth, a median posterior anus, a median dorsal heart en-
closed in a pericardial chamber, a pair of auricles, a pair of
much modified gills or ctenidia, a pair of excretory organs, a
pair of gonads, and a pair of well-developed mantle lobes
which secrete the right and left valves of the shell. The snail
is an example of a large class of molluscs in which the primitive
symmetry of the body has been to a great extent lost through
distortion of the visceral mass, with the consequence that the
organs of the right side of the body have disappeared. It
further differs from the fresh-water mussel and all lamelli-
branchiata in having a distinct head-region, a complex rasping
organ or odontophore in the buccal cavity, and a shell which is
all of a piece and coiled into a spiral. These features are
characteristic of the class Gastropoda, to which the snail
belongs in common with limpets, ormers, winkles, whelks, sea-
slugs, and a host of other forms. Some of the Gastropoda
have shells, some have not ; most of them live in the sea and
breathe by gills or ctenidia, but others, like the snail, are
terrestrial, have lost their ctenidia and breathe air contained in
a pulmonary chamber. Some gastropods have lost the ctenidia,
excretory organs and gonads of one side of the body, in others
the primitive paired arrangement is retained : in fine, the class
exhibits every variety of structure, and it is only by the com-
parison of a large number of forms that we are able to form an
idea of what may be called the typical Gastropod organisation.

It is beyond the scope of this work to enter into the minute
detail and comparison necessary to the complete understanding
of Gastropod anatomy, but as the common snail does not
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illustrate some important characters of the class, it will be
necessary, from time to time, to refer to two equally common
species of fresh-water snails, Paludina vivipara and Limnea
stagnalis. 'The common garden snail, Helix aspersa, is found
everywhere in England; the edible snail, Helix pomatia, is
tolerably abundant in limestone districts, and is cultivated in
large quantities on the Continent for culinary purposes. Both
species are herbivorous, and their depredations are only too
well known to gardeners. They rasp holes in the leaves and
succulent plants by means of the odontophore, an organ beset
with numerous minute teeth which will be described further
on. The expanded snail is familiar enough to everybody.
It has an oblong body, the base of which is thick and muscular
and forms an elongate sole-like foot. At the anterior end is a
distinct head-region, bearing two pairs of cephalic tentacles.
The spiral shell rests on the middle of the back of the
extended animal, its opening directed downwards and its apex
turned to the right. The visceral hump is permanently con-
cealed in the shell and is coiled in a spire corresponding with
that of the shell, but it does not occupy the whole of its cavity,
for the shell is capable of containing the whole animal when
retracted.

Let us first examine the shell. It consists of from four and
a half to five whorls increasing in size from the summit to the
base. The whorls are in close contact with one another, and
each lower whorl overlaps the one next above it by more than
half its extent. The lines of junction between the whorls are
called sutures. The cavity of the shell is continuous—z.e.
it is not broken up into chambers by partitions as are the
coiled shells of the cephalopodous mollusca (Nawtilus, Spirula
and Ammonites). The axis of the shell 1s occupied by a
spirally twisted central pillar, the columella, which is hollow
and opens below by a narrow fissure called the umbilicus.
The opening of the shell is called the aperture ; it is round,
and its lips are even and without a notch. The outer lip of
the aperture is distinguished as the peristome ; it is thickened,
and its lower end is reflected so as to partially conceal the
umbilicus. The inner lip is formed by the body whorl and
columella. The surface of the whorls is marked by a number
of transverse ridges or growth lines and there are also several
coloured lines which wind longitudinally round the spiral. At
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the apex the whorls end in a small rounded extremity called
the nucleus; this is the oldest part of the shell. A trans-
verse section shows that the shell is made up of three layers,
similar to those of the shell of Anodonta. In an expanded
snail a thick fleshy rim may be seen projecting beyond the

Fig. 16

A. Shell of Helix aspersa. col, columella; wsm, points to the position of the
umbilicus ; #, nucleus; per», peristome. B. Dorsal view of Helix aspersa
after removal of the shell. ex, excretory organ; #, foot; #", hinder part of
foot (metapodium); %4, heart; A7, mantle with blood-vessels ramifying in it;
M', thickened border of mantle or collar; R, rectum; ¢, larger or ocular
tentacle ; #/, smaller tentacle ; %7, ureter,

aperture of the shell. This is the collar, which secretes the
outer layer or periostracum and the middle or prismatic layer
of the shell. The inner nacreous layer is formed by the
integument covering the visceral hump. Thus the shell in-
creases in size by additions to its aperture, and in thickness
by additions to the nacreous layer. If the shell is held with
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the apex upward and the aperture towards the observer, the
aperture is on the right, and if one follows the whorls from
above downwards they are coiled round to the right. Such
shells are called dextral. Most Gastropod shells are dextral,
but in some cases the spiral is reversed, and such shells
are called sinistral.

A snail drowned in warm water will generally die expanded, and
it may then be twisted out of its shell, care being taken to detach
a stout band of muscle on the right side from the columella.

The external features may now be examined. The mouth
opens in the middle line anteriorly on the ventral surface of
the head, and is overhung by an upper lip. There are two
pairs of cephalic tentacles. The anterior pair is placed low
down on the sides of the head above the corners of the mouth.
The posterior pair is longer, and is placed on the sides of the
head above and behind the anterior pair ; each bears an eye
at its extremity. Both pairs of tentacles can be invaginated
and withdrawn into the body by means of special muscles.
A round opening on the side of the head below the right
posterior tentacle is the generative opening; a shallow groove
leads back from it along the dorsal surface. The collar is the
thickened edge of the mantle, which, in Helix, is not reflected,
so as to cover any part of the external surface of the shell.
The thickened mantle edge is firmly fused to the body-wall all
round the base of the visceral hump, except in one place on
the right side, where there is a large round aperture leading
into a spacious chamber, the so-called pulmonary cavity. In
Paludina the mantle edge is not fused with the body-wall
along the front and sides of the visceral hump, and conse-
quently there is a wide passage into a cavity lying between the
visceral hump and the mantle, which is evidently the mantle
cavity. Paludina is aquatic, and the mantle cavity contains a
gill or ctenidium, but Helix is terrestrial, has lost its ctenidium,
and the mantle cavity is modified to form a pulmonary chamber
suitable to aerial respiration.

The anus is a slit-like opening lying below and to the right
of the large respiratory aperture, and close above it is a still
smaller excretory opening. The position of the anus on the
right anterior side of the body indicates clearly the distortion
undergone by the upper part of the snail’s body. In lamelli-
branchs the anus is median and posterior, but in gastropods
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the visceral hump has not only been coiled into a spire, but
has been rotated from left to right about an axis which may be
described as dorso-ventral, through an angle of nearly 180°, so
- that the anus and other organs are shifted round, and organs
which were primitively on the left side are actually on the
animal’s right, and those primitively on the right side are
actually on the animal’s left. But in the snail, as in most
gastropods, the primitive left organs have disappeared, and
those of the primitive right side are placed, as a result of the
rotation of the visceral mass, on the left of the original middle
line indicated by the rectum.

The pulmonary chamber is triangular in outline, and lies on
the first turn of the spirally-coiled visceral hump. Its roof,
formed by the mantle-flap, is thin, semi-transparent, and richly
supplied with blood-vessels. Its floor is stout, muscular, and
convex. By contraction of the muscles the convex floor is
flattened, the body is protruded rather further out of the shell,
and the cavity of the pulmonary chamber being enlarged, air
rushes in through the respiratory aperture. On relaxation of
the muscles the body is slightly retracted within the shell, the
floor resumes its convex shape, the cavity of the pulmonary
chamber is reduced, and a part of the air is forced out. The
thin roof of the pulmonary chamber enables one to see the
organs contained in it in their natural position. The rectum
runs from the anus along the right upper side of the triangular
chamber, and passes at its apex into the second whorl of the
visceral mass. The excretory organ lies in the roof of the
chamber to the left of the rectum, and occupies nearly the
whole of the apical posterior part of the mantle. It consists of
a glandular and a non-glandular portion, the former being a
rather large triangular sac with folded walls lined by a glandular
epithelium. Its left side lies close against the pericardium,
and forms a deep bay to receive it. The non-glandular part of
the excretory organ begins at its anterior end, runs back parallel
to the glandular part up to the apex of the pulmonary chamber,
then turns sharply forward and runs close alongside and dorsal
to the rectum to open at the excretory pore just above and to
the right of the anus. The glandular part of the excretory
organ opens by a very small reno-pericardial canal into the
pericardial cavity. It is obvious that the excretory organ of
the snail is homologous with the organs of Bojanus of Ano-
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donta, and both have the same fundamental structure as the
nephridium of the earthworm, consisting of a coiled tube,
divisible into a glandular and non-glandular part, and opening
by one end into the ccelom (pericardial cavity in molluscs),
and by the other end to the exterior. But close as the resem-
blance is, it is probable that the two organs are not homo-
logous, for the excretory organs of molluscs appear to arise as
outgrowths of the ccelom, whereas the nephridia of cheetopods
are ingrowths from the external epiblast which meet and acquire
openings into the ccelom. Hence we have refrained from call-
ing the former organs nephridia. It should be noticed that
there is only one excretory organ in the snail, and that it lies
to the left of the rectum. If the visceral hump were rotated in
the direction of the hands of a watch so as to bring the anus
back into a median and posterior position the excretory organ
would lie on its right. It is, in fact, the primitive right organ,
its left-hand fellow having dlsappeared

A large blood-vessel runs in the wall of the mantle -cavity
parallel to and not far distant from the rectum. It is formed
by the union of numerous branches which ramify in the mantle,
being particularly numerous in its right side. The main vessel
is known as the pulmonary vein. It receives a considerable
branch from the excretory organ, and runs into the pericardium,
expanding within it to form the thin walled auricle. The
auricle is succeeded by a pear-shaped muscular ventricle,
from which an artery passes backwards into the visceral mass.
Immediately on entering the visceral mass the artery divides
into two branches, one of which ascends the spire and supplies
the visceral hump with blood. The other branch turns for-
ward and supplies the head and foot. The details of this
circulatory system may be studied in Marshall and Hurst’s
“Practical Zoology,” and will not be described here, but it is
important to notice that the branches of the arteries open into
a system of large and irregular lacunar spaces, from which the
blood is afterwards collected by definite venous trunks, and
carried to the pulmonary chamber. The anterior part of the
gut and the generative organs lie in a large space of this kind,
which might easily be mistaken for ccelom. It is not ccelom,
however, but a greatly enlarged blood space which has en-
croached upon and taken the place of ccelom, the latter being
represented only by the small pericardial cavity and the cavity
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Fig. 17

A dissection of Helix aspersa from the dorsal surface. The roof of the mantle-
cavity has been cut through near the collar and thrown back ; the generative
organs are displayed on the left, and the alimentary tract on the right of the
figure. a/, albumen gland; az, anus; aw, auricle; &z, blood-vessels in
mantle ; cg, cerebral ganglion; ¢7, crop; i/, globular dilatation on sperma=
theca; dzz/ diverticulum of spermatheca; Ds, dart sac; g/ glandular part
of excretory organ; /d, hermaphrodite duct; /7, ﬂagellum of penis; in#,
intestine ; /7, liver; Alg, mucous glands ; od, onducal portion of conjomed
genital duct; o7, oviduct ; of, ovotestis; P, penis; pc, pericardium; 22,
pharynx; R, rectum ; sa/, sallvary glands ; :a' duct of salivary gland ; spd,
spermlducal portion of conJomed genital duct, sptk, spermathecq, ur,
ureter ; 7, ventricle of heart ; zd, vas deferens.



76 COMPARATIVE ANATOMY

of the gonad, probably also by the glandular part of the ex-
cretory organ.

The upper whorls of the visceral hump are almost entirely
occupied by the lobes of a very large pair of digestive glands,
but they also contain several coils of the gut and parts of the
reproductive system. The mouth opens into a rather large
pharynx, the ventral wall of which bears the rasping organ or
odontophore. The pharynx is succeeded by an cesophagus,
which dilates to form a large thin-walled crop, its upper part
lying in the first whorl of the visceral mass. The crop is suc-
ceeded by an intestine, which takes several turns in the spire,
and eventually passes forward as the rectum and opens at the
anus. The digestive gland is paired, and its ducts open into
an enlarged section of the intestine often called the “stomach.”
The snail is also provided with a pair of salivary glands, large
white ‘lobed masses attached to the sides of the crop with
slender ducts running forward along the sides and opening
into the pharynx.

The odontophore in the floor of the pharynx is a very char-
acteristic organ, and requires a special description. The pos-
terior part of the floor of the pharynx is produced backwards
into a hollow finger-shaped diverticulum, the cavity of which is
lined by an epithelium continuous with that of the pharynx.
The epithelial cells lining the ventral wall of the diverticulum
secrete a chitinous band, armed on its upper surface with a
number of minute rasp-like teeth arranged in transverse rows.
The chitinous band is called the radula, and the diverticulum
the radula-sac. In front of the radula-sac the floor of the
pharynx is thickened so that it projects like a cushion into the
cavity of the pharynx, and the radular ribbon is continued
forwards over the surface of the cushion. In the substance of
the cushion there is a piece of cartilage firmly attached to the
surface on which the radula rests. This cartilage can be moved
backwards and forwards by special muscles, and the whole
apparatus can be moved forwards into the mouth opening and
the radula made to move to and fro with a rasping action by
the alternate action of the anterior and posterior muscles at-
tached to the cartilage. The radula works against a so-called
jaw, which is really a chitinous curved bar traversing the upper
part of the oral aperture, with a ridged posterior surface. As
the radula is worn away in front it is replaced by growth from
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behind, just as a finger nail is continually replaced by growth
forward from its bed. The chitinous teeth of the radula are
formed from the epithelium lining the extreme hinder end of
the radula sac. In the snail the radular teeth are minute,
directed backwards and similar, and are regularly arranged in
numerous transverse rows (fig. 18, B). In many gastropods
the teeth of any single row differ considerably in size and shape
according to their position, and one may distinguish central,
lateral, and marginal teeth, but the teeth of successive rows are
always similar. It would be out of place to enter upon a de-
scription of the various kinds of radular teeth found in gastro-
poda, but they are used as a basis of classification, and are
therefore of some importance.

The nervous system of Helix is much concentrated, and
its central parts form a collar which, when the animal is ex-
tended, surrounds the anterior part of the ocesophagus, but
when the animal is retracted the pharynx is pulled back
through it. The nerve collar is covered by a thick coat of
connective tissue, which must be removed before the con-
stituent ganglia and nerve cords can be clearly seen, and even
then the subcesophageal ganglia are so closely massed together
that their outlines are difficult to determine. Hence it will
make the description clearer if we begin with the study of the
nerve system in Limnea stagnalis (fig. 18, B). In this fresh-
water snail there is a large pair of cerebral ganglia situated
above the cesophagus, and connected by a short and broad
cerebral commissure. Nerves are given off anteriorly to the
cephalic tentacles, and two nerves pass forwards on the
sides of the pharynx, and there enlarge to form a pair of
buccal ganglia, connected by a transverse commissure passing
under the pharynx. Posteriorly, two pairs of stout connectives
pass backwards from the cerebral ganglia. The lower and
inner pair are the cerebro-pedal connectives, and they enter a
large pair of pedal ganglia lying ventral to the cesophagus. The
pedal ganglia are united by a pedal commissure, and give off
stout pedal nerves to the muscles of the foot. The upper and
outer pair of connectives are the cerebro-pleurals. They join
a pair of pleural ganglia lying below the cesophagus, but above
and to the outside of the pedal ganglia. The pleural are united
to the pedal ganglia by short pleuro-pedal connectives, and
they further give off posteriorly a pair of nerves which, after a
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Fig. 18

A. Nervous system of Helix aspersa, an example of the euthyneurous condition in

which the pleural, visceral, abdominal and pedal ganglia are fused to form a
subcesophageal ganglion mass. B. Nervous system of Limnea, an example of
the short-looped euthyneurous condition in which the ganglia are separate
(after de Lacaze Duthiers). C. Nervous system of Paludina vivipara, an
example of the streptoneurous condition.  aéd, abdominal ganglion; duce,
buccal ganglia; cer, cerebral ganglia; cpc, cerebro-pedal connective ; cwe,
cerebro-pleural connective; g@, conjoined genital duct; »f, facial nerve;
ng, genital nerve; nle, exterior labial nerve; #/Z internal labial nerve ;
nop, optic nerve; zp, pedal nerves; npl, left pallial nerve; npsz, median
pallial nerve; zpn, penial nerve; npr, right pallial nerve; o, osphradium ;
oe, cesophagus ; ofc, otocyst; ped, pedal ganglion; A%, pharynx ; /, pleural
ganglion ; 7%, radula-sac; s&g, subcesophageal ganghon mass ; s&, sub-intestinal
ganglion ; sp, supra- -intestinal ganglion ; zis, visceral gangllon on, visceral
nerve,
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very short course, enter a large pair of visceral ganglia, and
are continued beyond the visceral ganglia into a large median
abdominal ganglion. The whole system of visceral and ab-
dominal ganglia with the nerves connecting them and the
pleural ganglia is known as the visceral loop. The visceral
ganglion of the right side gives off a long nerve to a ganglion
underlying a small patch of sensory epithelium (osphradium)
in the respiratory chamber. This is the osphradial ganglion.

In the snail the cerebral and buccal ganglia have much the
same relations as in Limnaa. The connectives passing round
the cesophagus to the subcesophageal mass are double, and
represent the pleural and pedal connectives. The subceso-
phageal mass is divided into an upper and a lower portion by
an artery passing through it. The lower portion represents the
closely opposed pedal ganglia from which stout nerves pass to
the foot. The upper portion represents the fused pleural,
visceral and abdominal ganglia. Nerves are given off from it
to the viscera, and a specially stout nerve passes to the genera-
tive organs (fig. 18, A4).

In Helix the visceral loop is obsolete, in Limnza it is short,
and the paired ganglia are symmetrically arranged. Such a
disposition is called euthyneurous (orthoneurous by Continental
authors). But in Paludina the visceral loop is long, and has -
been involved in the rotation of the visceral hump to such an
extent that it is twisted into a figure of eight, the originally right
visceral ganglion lying to the left and above the gut, the original
left visceral ganglion lying to the right and below the gut (fig.
18, C). This disposition of the visceral nerve cords is known
as streptoneurous (foreign authors chiastoneurous). The uni-
valve gastropods are divisible into two well-marked orders
according as they are streptoneurous or euthyneurous, and
Paludina and Helix may be taken as examples of the two groups.

The eyes of the snail can only be studied by means of
sections. They are highly developed optical organs, each con-
sisting of a hollow vesicle or eyeball lined by an epithelium
which is transparent in front, but modified in the posterior part
of the vesicle to form a number of retinal cells embedded in
pigment. The retinal elements are turned towards the cavity
of the vesicle, and the optic nerve does not perforate the retina
as in the vertebrate eye, but spreads out on the posterior sur-
face of the eyeball. The cavity of the eyeball is occupied by
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a transparent cuticular lens. The epithelium at the extremity
of the larger tentacles is further modified and provided with
numerous nerve end-organs, which have been proved to sub-
serve the function of smell.

The auditory organs consist of a pair of otocysts embedded
in the pedal ganglia. They are innervated from the cerebral
ganglia, and the very fine auditory nerves pass down on either

Fig. 19

A. Eye of Helix pomatia, after Carriere. co.0, outer corneal layer; co.Z, inner
corneal layer; ¢, epithelium of tentacle; g.0p, optic ganglion ; Z, lens;
Ret, Retina. B. Radular teeth from the odontophore of Helix aspersa,
highly magnified.

side between the closely apposed cerebro-pleural and cerebro-
pedal connectives. To see the otocysts, the pedal ganglia
should be carefully cleared of connective tissue, and made
transparent by mounting in glycerine.

The snail is hermaphrodite (moncecious) but not self-fertil-
ising, and, as is usual in such cases, the generative organs are
extrémely complex. The essential organ of reproduction, the
ovotestis (sometimes called the hermaphrodite gland), is a
small yellowish body embedded in the digestive gland in
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the uppermost whorl but one of the spire. It consists of
a number of digitiform follicles, lined by a germinal epithe-
lium which produces both ova and spermatozoa in each
follicle. The generative ducts and accessory organs of the
snail are shown in fig. 17. The ova and spermatozoa when
ripe pass outwards through the hermaphrodite duct, a single
much-convoluted tube, the distal end of which enters the
substance and receives the ducts of the large conical albumen
gland. From this point onwards the ova and spermatozoa
travel by different passages, firstly along the different sides of a
widish duct incompletely divided by a longitudinal partition
into a sacculated oviducal and a narrower spermiducal channel.
After a course of about three inches this conjoined duct
divides to form a separate oviduct and sperm duct, and finally
the two, after entering into relations with various accessory
organs, unite again to open at the common genital pore.

The oviduct is short and thick walled, and is generally
spoken of as consisting of the oviduct proper and the vagina,
the latter being that portion of the tube which lies between
the openings of the accessory female organs and the genital
pore. The accessory organs are the dart-sac, the mucous
glands and the spermatheca. The first named is a thick-
walled cylindrical sac opening into the vagina. It contains a
quadrangular calcareous spicule, the so-called dart or spuulum
amozrts which is used in copulation. The mucous glands open
into the vagina on either side of the opening of the dart-sac.
Each gland consists of a number of simple finger-like glandular
tubes which unite to form the mucous duct of either side.
The spermatheca is a long, slender outgrowth of the vagina
lying alongside of the conjoined oviduct and sperm-duct. Its
upper end is dilated into a globular vesicle, and in Helix
aspersa it also presents an elongated diverticulum on its course.

The male accessory organs are the penis and flagellum.
The former is nothing more than a muscular portion of the
sperm-duct which is capable of being protruded through the
genital pore and withdrawn by means of a special retractor
muscle. The shape and relations of the long tubular flagellum
can best be studied in the figure.

The spermatozoa before extrusion are lodged in a spermo-
phore, an elongate plate of hardened mucus formed in the
flagellum and rolled up to form a sort of cylinder in which the

IL F
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spermatozoa are lodged. In copulation the spermophore of
one snail is transferred to the spermatheca of the other, where
after a while it is dissolved and the spermatozoa are stored in
the terminal dilatation. As the ova pass down the vagina they
are fertilised by spermatozoa injected from the spermatheca,
and thus cross-fertilisation is effected.

Snails deposit their eggs in the ground in masses during the
summer months, and so effectually conceal the holes in which
they have laid them that it is almost impossible to discover
them. After the ground has been softened by a shower of
rain, however, it is not uncommon to find a snail partially
buried in the ground. It is then engaged in excavating a hole
in which to lay its eggs, and if disturbed will quit the spot
without effecting its purpose. But the place may be marked
without disturbing the animal, and on the following day the
eggs may be found some three or four inches below the
surface. They are about the size of peas, with hard calcareous
shells, and as many as sixty or eighty may be deposited in a
single hole. Though the egg is large the ovum itself is minute,
the greater part of the contents of the egg-shell consisting of
albumen, which serves as food for the embryo during develop-
ment. The most important phases of development take place
within the egg-shell, and the young snail is not hatched till it
has assumed the characters of the adult.

Though the ova of AHelix and its allies, the slugs, are fairly
convenient objects for study, the details of their development
can hardly be understood without reference to the larval forms
characteristic both of marine lamellibranchs and gastropods.
In these animals the young quit the egg at a very early
stage in the form of a free swimming ciliated larva whose
organisation is so similar to that of the trochosphere
larvee of Polygordius and polychate worms that we cannot
regard the resemblances as accidental, but as evidence
that the Annelids and Molluscs have descended from a
common ancestor. We may therefore omit the development
of the snail in order to study the more characteristic and
important life-history of a marine gastropod. The details of
development, however, differ so considerably in different
species that it will serve our present purpose best if we try to
gain a general idea of gastropod development without confining
our attention to any particular species.
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The ova of those gastropods which are not abundantly
furnished with food yolk are divided by two successive con-
strictions into four large blastomeres of nearly equal size, and
these by three successive processes of unequal division give
rise to twelve smaller blastomeres which lie like a cap on the
upper pole of the embryo (fig. zo0, 4). The smaller cells are
called micromeres and the larger macromeres. The micro-
meres increase by division, while the macromeres remain in-
active, and the result is a hollow sphere or blastula with a toler-
ably large segmentation cavity or blastoccele. The roof of the
blastula is formed by the micromeres, the floor by the four
macromeres. The macromeres now divide and form a plate
at the lower poie of the embryo, which is presently folded
inwards into the blastoccele so that a two-layered embryo or
gastrula is produced. During the process of gastrulation two
cells derived from one of the macromeres pass into the
blastoccele and lie side by side between the invaginated
macromeres and the body-wall. Their position marks the
hinder end of the embryo, and a comparison with the develop-
mental history of Lumbricus showsthat they agree in origin
and position with the two large mesomeres which are formed
at a corresponding period in that animal. They are, in fact,
the primary mesoblast cells or mesomeres of the gastropod,
and they give rise by repeated unequal divisions to two rows
of cells, the mesoblast bands, extending forwards between the
outer layer or epiblast and the inner layer or hypoblast of the
two-layered embryo. During the process of gastrulation (or
even during the blastula stage in the limpet), the epiblast- cells
situated at the equator of the embryo become larger and more
columnar than their neighbours and develop tufts of large cilia.
There may be one, two, or three rows of such cells forming
a complete girdle round the embryo and dividing it into an
upper and a lower hemisphere. In many cases an apical tuft
of cilia is developed at the pole of the upper hemisphere, and
there may be lateral subsidiary tufts in its neighbourhood. A
similar tuft formed in the neighbourhood of the hinder end of
the blastopore in the lower hemisphere is known as the anal
tuft. In the first stages of gastrulation the gut opens by a
wide gastrula mouth or blastopore at the lower pole of the
embryo. As development proceeds, the blastopore becomes
narrowed and slit-like, and is carried by the unequal growth of
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the lower hemisphere round to one side, the ventral side of
the future animal. In some cases—e.¢. the limpet—the elon-
gated blastopore closes up from behind forwards, only the
anterior portion persisting as the mouth, which is then situated
close under the ciliated ring on the ventral surface. In other
cases the anterior part of the blastopore closes up, and the
posterior end persists as the anus (Acmaa). It seems prob-
able that in the most primitive condition the blastopore closed
up in the middle, its anterior and posterior ends persisting as
the mouth and anus respectively, and for the convenience of
description we will assume that this is the case. The embryo
now escapes from the egg-membranes and swims freely in the
water by means of its ciliated band. It is obviously a trocho-
sphere larva, with a ciliated girdle lying in front of the mouth
and dividing the body into an upper or pre-oral and a lower
or post-oral hemisphere. The mouth opens just below the
ciliated band and leads into a gut which in actual cases
generally ends blindly, but eventually establishes another con-
nection with the exterior by an outgrowth which meets the
epiblast at the posterior pole, fuses with it, and gives rise to
the anus. The larva further resembles the trochosphere in
possessing a pair of mesoblast bands, and in some forms the
resemblance is strengthened by the appearance of a pair of
provisional excretory tubules, in the form of a row of perforated
cells, ciliated internally, and opening to the exterior by excre-
tory pores situated on the ventral sides of the body just behind
the velum. The position of these provisional excretory tubes,
however, is different from that of the pronephridia of the
Annelid trochosphere, and most authors describe them as
arising from the mesoblast, whereas in Annelids they arise
from ectoderm cells.

In Molluscan terminology, the upper hemisphere of the
larva is called the velum; the pre-oral ciliated ring is the velar
ring, and the whole larva is more usually called a veliger than
a trochosphere. It is only in a few cases, such as the limpet,
that a really Annelid-like trochosphere is developed. In most
instances the similarity is to some extent masked by the pre-
cocious appearance of two very characteristic Molluscan organs,
the foot and the shell-gland. The former is indicated by a
projection in the mid-ventral line between the mouth and the
anus. It therefore occupies the place of the central part of



Fig. 20

A, B, diagrams of the segmentation of a gastropod. sac, macromeres; uic,
micromeres. C, optical section of a blastula at the end of segmentation.
be, blastoceele. D, E, two stages of gastrulation. &/, blastopore; mzes,
mesomere. /, ventral view, and G, side view of the trochosphere of a
streptoneurous gastropod. &/, blastopore; Z#, foot; zes, mesoblast bands;
shg, shell gland. A and /, further stages showing the development of the
mantle 7z, and the larval shell s%, and the approximation of the mouth 7z, to
the anus, az. K, stage immadiately after the larval torsion, showing the
altered relations of mouth and anus. #,cephalic tentacles ; o4, otolith ; #, foot.
L-N, final stages of development, showing the atrophy of the velum, the growth
of the permanent shell, and the development of the foot and head (the larval
shell is shaded with dots, the permanent shell with lines). zc, mantle cavity ;
op, operculum. (Figs. G-V after Boutan.)
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the blastopore which has closed up. The shell-gland appears
as a patch of columnar ectoderm on the dorsal surface opposite
to the foot, the patch being generally invaginated to a greater
or less extent.

It is, however, in the subsequent phases of growth that the
Mollusc deviates most markedly from the Annelid plan of
development. One may attribute a large part of the diver-
gence to the behaviour of the mesoblast. Instead of elongat-
ing, thickening, and segmenting as in the Annelid, the
mesoblast bands of the Mollusc break up into a number of
amceboid cells which insinuate themselves everywhere in the
space between the walls of the gut and the body wall. But
two more or less distinct cell masses remain at the posterior
end of the body, right and left of the anus in those cases in
which the posterior part of the blastopore persists as the anus.
These cell masses eventually become hollow and form a pair
of vesicles, whose cavities represent the true ccelom. Usually
the left vesicle degenerates while the right vesicle increases in
size and gives rise to the pericardium, the excretory organ, and
the reproductive organs.

Meanwhile the growth of the shell has materially altered the
external aspect of the larva. The shell-gland is evaginated,
and gives rise to a larval shell, which covers the dorsal surface
like a cap and grows enormously in size relatively to the other
parts of the body. The larval shell is generally more or less
conical or helmet-shaped, and its rounded extremity curves
over towards the anterior aspect of the body. The mouth of
the shell is surrounded by a prominent thickening of the body-
wall, representing the mantle. As a result of the excessive
growth of the shell on the dorsal side, the anus, which was
originally terminal, becomes pushed over to the ventral surface,
and as growth proceeds it is pushed further and further for-
wards till eventually it lies not far behind the mouth, being
separated from the latter orifice by the foot, which has not as
yet undergone any considerable increase in size. As a con-
sequence of this approximation of the mouth and anus the
alimentary canal has been flexed in the manner shown in
fig. 20, A and_/, but the larva is still bilaterally symmetrical, and
there is no sign as yet of any torsion of the visceral mass
lodged in the shell.

By this time several important structures have made their
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appearance. In those gastropods in which the anterior part of
the blastopore persists as the mouth, an invagination of the epi-
blast, known as the stomodeeum, carries the primitive mouth
ceeper into the body, and an outgrowth from the ventral wall
of the stomodzum marks the future radula-sac. In those
forms in which the anterior end of the blastopore closed up,
the posterior part remaining as the anus, a similar stomodzal
invagination grows inwards towards the gut, and fusing with it
gives rise to the permanent mouth. The anus, if not previously
present, has been formed by an outgrowth of the gut, which
met and fused with an epiblastic invagination near the anal tuft
of cilia. In the velum a pair of eyespots has been formed
right and left of the apical tuft of cilia, and in connection with
the eyespots is a pair of epiblastic thickenings representing the
cerebral ganglia. A similar pair of epiblastic thickenings re-
presenting the pedal ganglia have been formed on the surface
of the foot at a little distance behind the mouth, and connected
with these is a pair of invaginations which will give rise to the
otocysts. The pleural and visceral ganglia do not become
apparent till a later stage. In the streptoneurous gastropods the
larva, on attaining this stage of development, projects its foot
and velum far out of the shell, and twists them round through an
angle of 180°. In this movement the relative positions of foot,
mouth, and velum are not altered, nor are the relations of the
organs contained in the visceral mass, but the intermediate part
of the body is twisted in such a manner that the anus, which
previously was on the ventral side, now becomes dorsal, and
the rounded extremity of the shell which previously inclined to
the dorsal and anterior side is now directed posteriorly and
ventrally. The change only occupies a few minutes, but the
torsion is permanent, and it is by this remarkable and rapid
metamorphosis that the symmetrical larva is transformed into
the asymmetrical adult.* It seems probable that the primordia
of the pleural and visceral ganglia and connectives, though
not distinguishable, must be localiced in the epiblast previous to
the metamorphosis, for otherwise it would not be possible to
account for their share in the torsion.

The further development of the larva into the adult form
will be best understood by a study of fig. 20, K'to V. The foot

* See . Boutan.  Asymétrie des Mollusques Gastropodes ; Archives de
Zoologie expérimentale et générale. 3me Ser. vol. vii. 1899.
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increases greatly in size, acquires a flat, sole-like surface, and is
used as an organ of locomotion. The velum is reduced in size
relatively to the remainder of the body; a pair of cephalic
tentacles grows out of its centre, the velar ring of cilia atrophies
and disappears, and the velar region is converted into the
prostomial or head region of the adult. The thickened edge
of the mantle secretes a permanent shell which grows out all
around the border of the larval shell, and increasing rapidly in
size, soon replaces the latter, but for some time the larval shell
may be distinguished as'a small appendage at the apex of the
permanent shell. It is during this further period of growth
that the shell and the visceral mass contained in it assume a
spiral form. The larval shell is symmetrical, and before the
torsion it is exogastric—z.c. its mouth is below and its apex or
coiled end is on the anterior face of the visceral mass. After
the torsion it is endogastric—:z.e. its mouth is above and its
coiled end on the posterior face of the visceral mass, but it is
still symmetrical, and its shape has not been in any way affected
by the torsion. It is clear, then, that the spiral coil of the adult
shell is not directly attributable to the torsion of the body.
But a glance at fig. 20, Z, shows that when the animal begins to
creep on its foot the relatively large and unwieldy shell must
fall over to one side or other of the foot. It falls over to the
right side, or, rather, the foot places itself obliquely to the
aperture of the shell, so that the latter lies on its right side,
and in consequence of this asymmetry the permanent shell in
course of growth becomes spirally coiled.

In the snail and other euthyneurous gastropods there is no
larval torsion, and consequently no twisting of the visceral
nerves. None the less, the anus opens forwards on the right
side of the body, and the visceral mass has undergone a cor-
responding twist, without involving the nerve centres. The
manner in which this twisting of the visceral hump and spiral
coiling of the shell are brought about may be gathered from an
inspection of fig. zo.

The embryonic snail has no ciliated velar ring, but the region
corresponding to the velum is enormously developed and dis-
tended with reserve food material. The shell-gland is, there-
fore, inconspicuous, and the development of the shell is retarded.
At a later stage, when the nutrient organ is absorbed, the shell
is formed, increases rapidly in size, and pushes forward the
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anus towards the foot in the same manner as in streptoneurous
gastropods. By this time the chief nerve ganglia have been
developed around the cesophagus, and as yet the embryo is
symmetrical, and the anus remains in the mid-ventral line.
The shifting of the anus to the right side of the body is due to
the development and great posterior extension of the foot,
which is placed obliquely across the mouth of the shell, so that
the latter falls over to the right side, and in course of growth
becomes spirally coiled as explained above.



CHAPTER XXII
THE ARTHROPODA—APUS CANCRIFORMIS

WE have seen that the Earthworm, a representative of the
class Annelida chetopoda, has a segmented body following
upon a minute pre-oral region called the prostomium. Each
body-segment or somite is represented externally by an annulus,
and bears, in nearly every case, four couples of locomotory
bristles. Corresponding to the external annulations we found an
internal segmentation, most perfectly expressed by the division
of the body-cavity into a number of chambers separated by
muscular partitions called septa. In every such chamber we
found a pair of coiled and ciliated excretory tubules, the
nephridia, opening into the body-cavity of one segment by
ciliated funnels, and to the exterior in the segment next behind
by excretory pores. These nephridia were shown to have been
formed from peculiar rows of cells forming part of the ectoderm
of the embryo, and to have grown from the ectoderm towards
the body-cavity, acquiring an opening into the latter at a
comparatively late stage of development. Further, it has been
shown that the generative ducts, so similar in their general
characters to the nephridia, have a different developmental
history, being formed as outgrowths from the body-cavity
towards the ectoderm, which they met, and eventually fused
with, to form the external apertures. Further, we have seen
that the “ body-cavity ” of the earthworm is a true c@?/om, formed
in the embryo by the hollowing out of a number of paired
mesoblastic blocks or somites, and that it does not contain
blood, but a colourless, corpusculated fluid quite distinct from
the red corpusculated blood contained in a system of closed
blood-vessels. Lastly, we have seen that, although the earth-
worm has no obvious sense organs, no respiratory plates or
processes, no outgrowths or appendages of the body subserving
locomotion, that all these things are present in those marine
worms which are classed as Polychwta. We have now to
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consider a large division of the animal kingdom, which pre-
sents many analogies with the polychzte worms—the phylum
Arthropoda, or, as some prefer to call it, the Gratkopoda.
The Arthropods include the spiders, scorpions, centipedes,
insects, water-fleas, sand-hoppers, wood-lice, lobsters, and crabs,
and also a peculiar and very interesting worm-like animal
found in warm countries in very different parts of the world—
at the Cape of Good Hope, in New Zealand, New Guinea, and
the West Indies, and known to science as Peripatus.

The Arthropods exhibit a well-marked external segmenta-
tion, but internally they are not divided up into compartments
as obviously as are the chatopod worms. Like the latter,
they have an external chitinous cuticle, which is frequently
thickened locally to form a series of hard rings or annuli,
joined together by thinner intervening tracts of the integument,
and freely movable on one another. Every such annulus may
be, and some always are, provided with a pair of jointed ap-
pendages moved by internal muscles attached to the thickened
external cuticle which serves as the skeleton of these limbs.
It is from these hollow-jointed limbs that the name Arthropoda
(Gpfpos, a joint ; movs, a foot) is derived, and the name Gnatho-
poda (yvdfos, a jaw; wols, a foot) refers to the feature, char-
acteristic of the whole group, that a certain number of these
limbs are turned forwards in the region of the mouth, and
serve as functional jaws. Such “jaws” work from side to
side, and must not be confounded with the jaws of polychzate
worms, which similarly work from side to side, but are only
local thickenings of the integument of the lips; nor with the
jaws of vertebrated animals, which work up and down. Further
points characteristic of Arthropods are, that all their muscles
are transversely striated, that cilia are absent, or very rarely
present, and that the ccelom is very much reduced, being
replaced by an extensive system of blood-spaces or sinuses.

The Crustacea is a large class of Arthropoda, comprising
the water-fleas, sand-hoppers, barnacles, wood-lice, shrimps,
prawns, lobsters, crayfishes, and crabs. These are nearly all
aquatic animals, and most of them are marine. Living in the
water, they breathe by means of special respiratory outgrowths
attached either to the limbs or body-walls and known as gills
or branchie. The terrestrial forms have generally lost these
branchiee and have different’ kinds of specially constructed
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respiratory apparatus, but-their whole organisation betrays
their descent from aquatic gill-breathing ancestors.

The water-fleas and other small crustacea nearly allied to
them are placed together with the barnacles in a sub-class
Lntomostraca. As an example of this class we may take one
of its largest members, Apus cancriformis, an animal inhabiting
fresh-water pools, especially those which are dependent on the
rainfall and are liable to dry up in periods of drought. Apus
no longer exists in England, but it occurs in considerable
numbers in France, in South Germany, Austria, Hungary,
North Africa, and North America. It also occurs in Green-
land and Spitzbergen, so that it has a wide distribution in the
Northern Hemisphere.

The life-history of the Apodide was for a long time a
mystery to zoologists. After a heavy rainfall they often make
their appearance in large numbers in pools which have for
a long time been dried up, and a search in the sun-baked mud
at the bottom of such dried-up pools fails to reveal the presence
of torpid specimens from which new broods could be pro-
duced when the pools are refilled. Hence they were supposed,
by the older naturalists, to be spontaneously generated from
the mud and slime, and their sudden and inexplicable re-
appearances gave no small support to the doctrine of Abio-
genesis. But eventually it was discovered that the new broods
were simply developed from eggs deposited in the mud by the
old forms before the pools dried up, and, what is more curious,
that the eggs will not develop unless they have been dried for
some time.

Mature specimens of Apus cancriformis vary in length from
12 to 36 mm., and may be recognised by the following
characters :—

The head and the greater part of the body are covered by
a large cephalic shield, oval in shape and evenly rounded in
front, but indented by a deep V-shaped notch at the hinder
end. Posteriorly some eleven or twelve annuli of the elongate
body project beyond the cephalic shield and end in a bi-lobed
caudal piece which bears a pair of long terminal appendages,
the caudal styles. The cephalic shield is divided by two
transverse nuchal grooves into a smaller anterior or cephalic
and a larger posterior region. The posterior part of the
cephalic shield is not attached to but only overlies the body
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beneath, but the anterior portion is firmly fused to and is
continuous with the head and body region in front of the
nuchal grooves. The posterior part of the shield is, in fact,
a reduplication of the chitinous cuticle of the head, and it has
an outer and an inner wall, enclosing a thin layer of tissue
in which lie certain important organs called the shell-glands.
Posteriorly to the nuchal grooves the cephalic shield slopes
evenly away to the right and left of a median ridge which
terminates behind in a spine projecting over the angle of the

Fig. 21
Side view of A pus cancriformis. The free part of the cephalic shield has been drawn

as if transparent, showing the thoracic and abdominal segments beneath. /7, head ;
Z, paired eyes ; c.s, cephalic shield ; a4, abdominal segments ; oo, oostegopod

posterior V-shaped excision. The margins of the excision are
garnished with a number of similar spines.

The paired shell-glands lie on either side of the dorsal ridge
about half-way between it and the outer margin of the shield.
Each gland consists of a tube arranged in a very elongated
coil. The anterior ends of the coils converge towards the
middle line and touch the nuchal groove ; the posterior ends
diverge from one another and end some way in front of the
posterior margin of the shield. The shell-glands are the
functional excretory organs of the adult.

In front of the nuchal groove there is a complex of organs
belonging to the head region. Conspicuous among these is a
pair of crescentic compound eyes, the convexities of the cres-
cents turned outwards, and their anterior ends closely approxi-
mated to one another. The structure of these paired eyes will
be described further on, but it should be noticed here that
they do not lie at the surface of the shield, but are covered
over by a bi-lobed inflation of the chitinous cuticle. This
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inflation is known as the periophthalmic sac, or water-sac, and
its anterior end is prolonged into a fine canal which runs
forward and opens in the middle line by a small pore a short
distance in front of the eyes. Lying between the posterior
lobés of the periophthalmic sac is a conspicuous white oval
patch of a glandular nature. This is called the neck gland ;
it opens to the exterior by a very small pore placed near its
front end. Neither the neck gland nor the pore of the
periophthalmic sac must be mistaken for the median unpaired
_eye, often called the nauplius eye, which is a minute black
spot situated between the anterior horns of the paired eyes.

In front of the eyes the cephalic shield slopes rather
abruptly downwards, and on turning the specimen over, so as
to examine the ventral surface, it will be seen that the anterior
margin of the shield is thickened to form a broad flat™ plate
lying in front of the mouth, as shown in fig. 21. The mouth
itself is concealed by a large pentagonal chitinous plate, the
upper lip or labrum, the anterior end of which is hinged to
the thickened rim of the cephalic shield. The anus is ter-
minal, lying at the end, and somewhat on the ventral side of
the furcal piece.

On cutting away the free part of the cephalic shield close to
its attachment at the nuchal groove the elongate vermiform
body is exposed. The body proper—that is to say, the region
behind the mouth, is to be regarded as made up of thirty-nine
annuli or segments ; the first five of these are fused with and
indistinguishable from the head, and their existence can only
be determined by the appendages which they bear and the
nerve ganglia corresponding to them. But behind the attach-
ment of the cephalic shield thirty-three distinct annuli can be
counted in addition to the terminal or caudal segment. Each
annulus is indicated externally by a hoop of chitin, the posterior
edge of which overlaps the annulus next behind it. These
hoops are simply chitinised thickenings of the integument, and
the hinder edge of one is joined to the anterior edge of the
next behind it by a soft fold of the integument which is
doubled back under the overlap and so forms a flexible joint.
All joints in the external armour of Arthropoda are formed in
this manner, and may be compared with the ancient suits of
plate armour, consisting of overlapping pieces of steel sewn on
a leather jacket. The chitinous hoops are thin, transparent,
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and smooth in those annuli which are covered by the cephalic
shield, but are thicker and furnished with backwardly directed
chitinous spines in the posterior region which projects beyond
the cephalic shield. In the last four annuli the chitinous
hoops are complete ventrally, and do not bear any limbs or
appendages. The furcal styles borne by the last segments may
or may not represent appendages belonging to the same series
as those about to be described.

A glance at the ventral aspect of Apus shows that the
animal is provided with a large number of limbs or appendages,
which are borne on the under surfaces of all the annuli but the
last four, and some appear to belong to the head region.
Closer examination shows that in front of the mouth there are
two pairs of minute pre-oral appendages, generally described
as the first and second antenn, and behind the mouth there
are sixty-six pairs of appendages. Of these the first three
pairs lie close together round the mouth, and, being modified
for masticatory purposes, they are usually known as foot-jaws.
The following sixty-three pairs are functional limbs, but they
are not all alike, and may be divided into thoracic or pregen-
ital, genital, and postgenital series. There are ten pairs- of
thoracic limbs attached to a corresponding number of annula-
tions of the body. The single pair of genital limbs is attached
to the annulus on which the generative organs open. The
fifty-two pairs of postgenital limbs are borne on seventeen
annuli only, the first four of these carrying five pairs of limbs,
the next four ten pairs, the next four thirteen pairs, and the
last five carry twenty-four pairs of limbs. The more posterior
appendages are soft, foliaceous, many-lobed plates which over-
lie one another like the leaves of a half-opened book, but the
anterior members of the thoracic series are modified and
the foot-jaws and antennz do not appear to bear any resem-
blance to the limbs behind them. We shall do well to take the
first postgenital limb, the seventeenth of the whole series of
appendages, as a type, and we will choose that of the right side. -

It consists of a median axis or corm, flattened antero-
posteriorly and attached by one end to the body near the mid-
ventral line in such a way that one of its narrower edges looks
outwards and upwards, the otherinwards and downwards. The
axis is invested by a chitinous cuticle, which is thinner at the
junction with the body-wall, so that an imperfect joint is formed
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and the whole limb can be moved by the powerful muscles
which enter it and are attached to its walls (fig. 22, X V7).
Otherwise the axis is destitute of joints. The inner and outer
edges of the axis are produced into a number of lobes or
phyllites, of which six, borne on the inner edge, are called
endites, and three, borne on the outer edge, are called exites.
Of the six endites, that nearest the base of the limb stands
somewhat apart from the rest and is turned towards the middle
line. Its surface is covered with a number of stout sete, and
it serves, in conjunction with its fellow of the opposite side of
the body, to seize and conduct to the mouth any particles of
food with which it may come in contact. Examination of the
ventral surface shows that every one of the sixty-three pairs of
post-oral limbs of Apus is provided with a similar jaw-like pro-
cess or gnathobase, and the gnathobases of opposite sides
enclose a food-groove leading forward in the mid-ventral line
to the mouth. Though it has no definite joint, the gnathobase
is movable by means of special muscles inserted in the axis.
The four endites distal to the gnathobase are oval and leaf-like,
and are beset with setae arranged in a very characteristic
manner on the edges and sides, as shown in the figure. The
sixth or distal endite is a good deal larger and wider than the
others, and has a different arrangement of setee. It isattached
at the extremity of the axis, and extends both dorsally and
ventrally from its point of attachment.

Of the three outgrowths from the outer edge of the axis, that
nearest the distal end is a somewhat wide expansion, fringed
with setee, but not provided with muscles. It is distinguished
as the sub-apical lobe. Of the two other exites the distal is
the largest of all the outgrowths of the axis. Its edge is beset
with stout spine-like setee, and it is furnished with three power-
ful muscular slips by means of which it can be moved to and
fro like a paddle. It is essentially a swimming plate, and is
known as the flabellum or fan. The proximal exite is a rather
thick oval outgrowth attached by a distinct pedicle to the axis.
It is not provided with any muscular slips, and is therefore
incapable of independent movement, but its internal spongy
tissue appears to contain numerous blood spaces. It is
probably respiratory in function, and on account of its passive
movements it is known as the bract (Lat. dractea, a weather-
cock). The postgenital limbs posterior to the 17th retain the
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same general characters, but are progressively reduced in size
till the last of the series is no larger than a single endite of the
first postgenital limb.

In the rarely found males of Apus the genital limb does not

Fig. 22

Appendages of the right side of Apus cancriformis. I. The two-jointed first
antenna. //. The second antenna, in the specimen figured it is exceptionally
composed of two joints. V. The second maxilla, showing the excretory pore,
ex. WI. The first thoracic limb. X777. The oostegopod or genital limb of the
female. X777, The first abdominal or postgenital limb. 7, the first endite or
gnathobase ; 2, 3, 4, 5, 6, the remaining five endites ; sa, sub-apical lobe ; B,
bract : 77, flabellum. For further description see text. Figs. V., V1., XV1.,
and XV/1. are reversed ; in their natural position the endites would be below,
the exites uppermost.

differ from those immediately contiguous to it, but in the
female it is modified to form a receptacle for the eggs, and is

II. G
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called the oostegopod. In it the gnathobase and four succeed-
ing endites are normal, but the distal endite is greatly enlarged
and is confluent with the sub-apical lobe. The latter structure
is expanded and modified so as to form a circular shallow cup
upon which the flabellum, similarly expanded into a pedun-
culated circular plate, fitslike a lid. The edge of the flabellum
posterior to its peduncle is notched to form an aperture leading
into the cup. The bract is reduced to a small digitiform
appendage (fig. 22, XV7). The posterior thoracic limbs
(3-10) are very similar to the first postgenital limb, which
has been taken as a type. In the more anterior members of
the series the axis becomes progressively longer, the enditesare
carried further apart, the dorsal lobe of the sixth endite becomes
more prominent, the sub-apical lobe, though still prominent,
becomes reduced in size, and the flabellum is elongated in the
direction of the axis. ‘The second and first thoracic limbs
present special features.

In the second limb, the axis or corm is divided by a soft
fold of the cuticle into a proximal and a distal segment.
The gnathobase and second endite are borne on the proximal
segment, the four remaining endites and the bract and flabellum
on the distal segment. The gnathobase presents no peculiar
features, but the remaining endites are narrowed and elongated ;
the sub-apical lobe is very small, and the bract and flabellum
are reduced in size relatively to the other parts. The peculiar
hinge-like attachment of the sixth endite should be noticed.

The first thoracic limb is modified in a very striking manner.
The axis is divided into four distinct segments. Of these,
the most proximal bears the gnathobase. The next segment
bears the second endite, modified to form a short filamentous
process, divided into rings or joints by as many annulations
of the chitinous cuticle. The third segment of the corm bears
the third endite, similarly modified to form a filamentous
process with about forty annulations. The distal segment
of the corm bears the fourth, fifth, and sixth endites. The
fourth is an elongate filament, with about fifty annulations ;
the fifth, situated at the extremity of the axis, is very long
and slender, and is divided into about eighty annulations.
The sixth endite is reduced to a small boat-shaped process,
the proximal end of which fits into a notch in the axis formed
by the very much reduced sub-apical lobe. The bract
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and flabellum are borne on the outer margin of the third
segment of the axis; they are reduced in size, but do not
present any other remarkable features. The whole limb, with
its jointed axis and polyarthrous filamentous endites, presents
many resemblances to the jointed limbs of higher crustacea,
and it is interesting to observe the gradual transitional stages
between it and the more posterior lobed foliaceous limbs
characteristic of the order Fkyllopoda to which. Apus belongs.

The three pairs of appendages in front of the first thoracic
limb are small in size, and lie close round the mouth. It
will be convenient to begin with the most anterior of the
three pairs — viz. the mandibles. These are short, stout,
curved structures with thick chitinous walls. Their long axes
lie nearly transversely to the body, and their inner edges,
which meet below the mouth, are furnished with a number
of stout conical teeth. They are moved by very powerful
muscles, and are the functional masticatory organs of the
animal. The mandible represents the basal part of the axis
of an ordinary limb, the terminal part with the endites and
exites having disappeared.

The second pair of oral appendages are called the first
maxille. They are small, and each consists of two pieces
fitted together in a peculiar manner. The hinder of the two
pieces has the shape of a gnathobase, and probably represents
that organ. The anterior piece is a half arch of chitinous
substance, expanded at its distal end into a broad lobe with
a setose margin. The convexity of the arch forms a smooth
articular surface against which the posterior piece works. It
is not clear what part of a typical appendage is represented
by this anterior piece, but it is certain that the two pieces
are parts of one limb, and are not two separate limbs as some
authors have supposed. The third pair of oral appendages
are sometimes called the maxillipedes, but it is better to call
them the second maxille. They are very small and rudi-
mentary, - each member of the pair consisting of two lobes
united by a low ridge. The inner lobe is provided with
marginal sete, and probably represents the gnathobase, which
it resembles more nearly than any other part of a complete
limb. The outer lobe is cylindrical, and devoid of sete: it
is to be regarded as the representative of the bract, but
the most important thing about it is that the duct of the
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shell gland passes through it, and opens at its extremity
(fig. 22, V).

The two pairs of pre-oral appendages are known as the first
and second antennz. The first antenne, though small, can
be recognised without difficulty. They lie within the thickened
anterior edge of the cephalic shield, a little to the outside
of the angle formed between it and the mandible. Each
antenna (fig. 22, 7) consists of a proximal cylindrical segment
and a somewhat larger distal blade-like segment bearing two
or more setw at its extremity. The second antenn (fig. 22, Z7)
are so minute and rudimentary that their existence has often
been denied. As a matter of fact they seem to be always
present—at any rate, the author has never failed to discover
them in every specimen of A. cancriformis or the allied
Lepidurus productus which he has examined carefully. Being
evanescent organs, the second antenna vary considerably. In
most cases they are simple, unjointed filiform appendages,
the extremities of which may or may not be bent like a hook.
Occasionally, however, one finds a more perfect jointed
appendage consisting of two segments. Such a one is shown
in fig. 22. Though the two pairs of antennz are pre-oral
in position there is every reason to believe that they belong
to a post-oral series of appendages, as will be shown when
the nervous system and development are described.

The internal anatomy is difficult to make out in the spirit-pre-
served specimens which alone are available for study in England.

The mouth opens into a short cesophagus, which ascends
vertically towards the region of the eyes. The cesophagus
is lined by a chitinous reflection of the outer integument,
and is therefore a stomodeum. In the upper part of the
head the cesophagus opens into a widish triangular sac or
stomach, which receives right and left the ducts of a pair of
digestive glands. These ducts curve round parallel to the
anterior border of the cephalic shield, and each gives off six
external branches, which in turn give off a number of short
ductules ending in glandular acini. The lobes of the digestive
gland occupy the greater part of the cephalic region. Another
pair of glands, described as salivary glands, open by small
ducts into the ventral side of the stomach. The last-named
organ is placed at right angles to the cesophagus, and narrows
posteriorly to form a straight intestine running backwards
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through the body to open at the anus. The posterior end
of the intestine is lined by a chitinous reflection of the external
cuticle, and is therefore known as a proctodeum.

The body 