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patches by digging holes to lay their eggs; so they asked the
Shark to take the Megapodes away. This was done, but now the
natives missed the Megapodes™ eggs, so they asked the Shark to
bring the Megapodes back but to confine them to one spot.
This request was also complied with, and the result may now be
seen. The Megapodes lay their eggs in two large and broad
sandy spaces, and nowhere else on the island.

I suspect that there is more than a grain of true history in
this legend, and that it records the fact that when the ancestors
of the natives came to the island, they brought with them two
main staples of their food-supply—yams and Megapodes.
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(Plates XXX.-XLIL*)

When, two years ago, the Society published the first part of my
contributions to the morphology of the Neritacea (2), I had already
accumulated a number of observations on the anatomy of the
Helicinidw, but. deferred the publication of them until 1 was able
to obtain specimens of different species from various parts of
the Pacific region. Having experienced considerable difficulty in
obtaining specimens sufliciently well preserved for microscopical
examination, the publication of my results has been long delayed,
with the result that I lose the claim to priority fer several minor
discoveries concerning the anatomical features of this family, for,
in the meantime, Thiele (10) has given an account of the anatomy
of Hydrocena cattaroensis in which is included a description of
the female generative ovgans of Helicina kubaryi, and the following
descriptions lose much of the novelty they would have possessed
had they been published as soon as the facts were ascertained.

Previous to the publication of Thiele’s paper, our knowledge of
the anatomy of the Helicinidie rested, for the mnost part, on
Isenkrahe’s (4) account of the amatomy of Helicina titanica.
Isenkrahe gave a sufficiently accurate description of the external
anatomy, the muscular system, the greater part of the alimentary
tract, and the pulmonary cavity, but he failed altogether to
distinguish the kidney, and his descriptions of the heart, the
nervous system, and the reproductive organs are defective. These
imperfections notwithstanding, Isenkrahe was able to confirm
Troschel’s opinion that felicine, on account of its rhipidoglossate
dentition and other anatomical characters, was closely related to
the Neritida,

Vondhering (5) in 1877 placed the Helicinacea and Proserpinacea

* For explanation of the Plates see pp. 806-809.
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in his class Orthoneura, order Rostrifera, sub-order Rhipidoglossa,
and gave a fairly accurate description, unaccompanied by a figure,
of the nervous system of Helicina (Sturanye Wagner) beryllina
Gld. E. L. Bouvier (3), in his great work on the nervous system
of Prosobranch Gastropods, gave a very complete account of the
nervous system of /7. sagraiana d'Orb. and A. brasiliensis Gray,
laying stress on its close resemblance to the nervous system of the
Neritidee, and in addition he made some further observations on
the general anatomy, partly confirming and partly correcting and
adding to Isenkrahe’s descriptions. In 1902 Thiele (9) described
the male generative organs of Helicinw japonica, and last year
he gave a description with a diagram of the female organs of
M. kubaryi, in addition to a succinct but sufliciently exhaustive
account of the general anatomy of Hydrocena cattaroensis.

The geographical distribution of the Helicinide, as is well
known, presents several interesting and difficult problems. By
far the greater number of species are insular and confined to the
tropics. Such species as arve found on continents are for the
mosb part limited to regions near the coast, very few being known
to occur any considerable distance inland. No Helicinide are
recorded from Africa. In Europe the group is represented only
by the genus Hydrocena from the Dalmatian coast, and this genus,
as Thiele’s recent work has shown, differs in several important
anatomical characters from Helicine and its more closely allied
genera. (eorissa,a subgenus of Proserping, is the only represen-
tative of the group in India, and no Helicinide have as yet been
recorded from Ceylon. The number of genera and species reaches
its maximum in the Antilles. The genus Helicine, as restricted
by Wagner, is fairly abundant in Mexico and the Central
American republics, and extends northwards into Texas and
Florida, southwards into Ecuador and Peru on the west coast and
to the south of Brazil on the east coast of S. America. Few
species, however, are recorded from the Pacific coast of 8. America,
but, notwithstanding their comparative rarity on these shores,
the group reappears in great abundance in the Pacific islands,
extending as far east as the Marquesas and Paumotu Islands, and
having many representatives in the Society, Samoan, Friendly
and Fiji Islands, and in the New Hebrides and New Caledonia.
Several species occur on the east coast of Australia, and some
few arve recorded from New Guinea, Celebes, Borneo, and Sumatra ;
none, so far as I can ascertain, from Java. But in this part of
the world the Helicinide attain their maximum in the Philippine
Islands, which are only second to the Antilles in the number of
species.  From thence the group extends north, beyond the
tropical zone, to the Bonin Islandsand Japan. A few species
are found beyond the south-east coast of China and Siam, others
again in the Malay Peninsula and Burma. Several species are
found in the Andaman and Nicobar Islands, but the group is
very poorly vepresented in the Indian Ocean. Aplhanoconic
(Helicina) theobaldiane G. & H. Nevill is recorded from the



MORPHOLOGY OF THE HELICINID X. 761

Seychelles, and Pseudotrochatella undulata Morelet is a subfossil
form from Mauritius. None is known from Madagascar.

In a recent work of great value to the student of geographical
distribution A.J. Wagner (12) has revised the family Helicinide,
and, founding his diagnoses chiefly on the characters of the
opercnlum, has broken up the old genus Helicina into no less
than thirteen genera, reserving Lamarck’s appellation for the
American and Antillean forms which conform to the original
definition of the genus. Of the remainder I mention the largest
genern. Sulfurine has its centre in the Philippines and extends
thence to the Andamans, Nicobars, Moluceas, New Guinea, and
Tahiti. dplanoconia, which also seems to be centred in the
Philippines, extends widely, to Japan, S. China, the Malay
Archipelago, the Andamans, Nicobars, Seychelles, Moluceas, and
through Micronesia and Melanesia to the Paumotu and Sandwich
Islands.  Sturanya has its centre in Fiji and Tonga, and extends
thence to the Carolines, Sandwich, Society, Hervey, and Solomon
Islands.  Orobophana is found in Queensland and N.S. Wales and
extends through nearly the whole of Polynesia. Paleolelicina.,
with its subgenus Ceratopoina, is again a Philippine genus, and
extends to New Guinea, the Bismarck Archipelago, the Solomon,
Louisiade and Pelew Islands. The last-named genus is, according
to Wagner, closely allied to Helicina sensu vestricto. Again, the
subgenus Retorquata of Helicina, which occurs in Mexico and
Central America with outliers in Florida and Texas, affords,
according to the same aunthor, a transition to such a characteristic
Antillean genus as dleadia. A consideration of these statements
leads to the conclusion that the Helicinidae are capable, by what
means we know not, of wide dispersal across seas and oceans, and
find conditions most suitable to their existence in proximity to
the sea. They appear to have originated in Mexico and Central
America, and to have spread eastwards to the Antilles, where
they found the conditions specially suitable, and have been
differentiated into several genera (dlcadia, Lucidella, Eutrochatella,
Priotrochatelle, Proserpina) and numerous species, and one species
{H. substriata convexa Pf) has found its way to the Bermudas.
Others have extended down the eastern coast of S. America, but
the Atlantic Ocean has proved an impassable barrier to their
further extension eastward. On the Pacific side the group has
been transported by some means unknown to us to the Pacific
Islands, and it would appear from the evidence that it did not at
first effect a lodgment in the more eastern islands, but in the
Philippines, from which centre it has spread in all directions-—
eastward throughout Polynesia and to the Sandwich Islands,
southward to New Guinea and Australia, northward to Japan
and China, westward through the Dutch Indies and Malaya to
the Andaman and Nicobar Jslands. Very few have traversed
the Indian Ocean to reach the Seychelles and Mauritius.

Very little is known of the geological history of the group.
Helicina occurs in the post-Pliocene of N. America. but the
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ancestral forms must have lived at a much earlier period, for
LProserpina is recorded from the Kocene of the Isle of Wight, and,
according to I obelt (6), shells referable to the same genus have
been found along with Helixw, Planorbis, Valvate, and three
species of Neritina in the Lias of Somerset. There is some reason
for suspecting the correctness of the identifications in the last
case, and I am unable to find any corroborative evidence of the
occurrence of Proserpina in the Eocene, but the distribution of
the Hydrocenida points to a geological history reaching well
* back into Tertiary times. Dawsoniella from the Carboniferous of
Ilinois has been attributed to the Helicinidz, but I have already,
in the first section of this memoir, discussed the affinities of this
genus and pointed out that it must be a case of convergence.

However this may be, paleeontology throws very little light on
the origin and distribution of existing Helicinidee, and when I
began this work T hoped, not only to give a full deseription of the
anatomy of a typical member of the family, but also, by the
comparison of the anatomy of Pacific and West I[ndian forms, to
discover some clue to the distribution of the group with its two
main centres in the Antillesand the Philippines. 1In this, as will
appear, I have been disappointed. From whatever part of the
world they may come, the anatomy of the different species and
even genera of Helicinidee is so closely similar that it is hard to
find any difference between them. It istrue that I have not heen
able to procure many species of Pacific Helicinide, but I have
examined fairly well preserved specimens of Oreboplana, Aphano-
conia, and Paleohelicina, and these three genera may be taken as
typical of the more widely distributed Pacific forms.

The material at my disposal was as follows :—

I. Antillean forms.
Aleadia palliata Ads. Contrivence, Walderston, Jamaica.
Aleadia hollandi Ads.  Swing Hill, Walderston, Jamaica.
Lucidella avreola Fér. Bog Walk, Spanish Town, Jamaica.
Butrochatelle prlchelle Gray. Bog Walk, Spanish Town,
Jamaica.
The above were kindly collected for me and preserved in
Perenyi’s fuid by Mis. G. B. Longstaff, F.L.S.

I1. Pacific, Australian, and Indian forms.

Aphanoconia gouldiane Forbes, from Torres Straits: for
specimens of this species I am again indebted to Mis.
Longstaff, who procured them for me from Mr. C. Hedley,
of the N.S. Wales Museum.

Aphanoconia andamanica Benson.
Aphanoconia merguiensis Pleiffer,
Aphanoconia rogersiz, sp. n.

These three species are from the British Museum and formed
part of the collection made in the Andaman Islands by Mr. G. Rogers.
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They were numbered respectively 16, 30,and 31. The first two I
have identified without difficulty, the third appears to he new
to science, and I will give a diagnosis of it in the latter part of
this paper. I am indebted to Mr. E. A. Smith for these and for
the two following species :—

Orolophana pachystome ponsondyi Smith. Admiralty Islands.
Paleeohelicing idee Wagn. Amboina.

In describing the anatomy it will be convenient to take Adlcadia
as the type, and to note such differences as may exist between it
and the other genera at the end of the description of each system
of organs.

Katernal Characters, Mantle, Mantle-cavity,
and Muscular System.

Isenkrahe (4) has given an account of these so sufficient and
accurate that it is not necessary for me to do more than call
attention to some special features exhibited in fig. 1 (Pl. XXX.),
which is a representation of a left side view of Aleadia palliata :
the mantle has been cut througli on the left side close above the
columellar muscle, the cut has been extended back to nearly the
extreme hinder end of the mantle-cavity, and the mantle has been
turned over towards the right. As compared with the Neritidee,
in this and in all the other species of Helicinide that I have
examined the foot is attached to the head and body by a longer
and narrowerpedicle, the opercular lobe is velatively smaller, the
snout is narrower and longer, the columellar muscles of greater
antero-posterior length, and the whole body is longer, giving the
appearance of an increase in the coiling of the visceral mass, but
this last feature is more apparent than real, as I shall show.
A glance at the figure shows that the increased length of the
body is chiefly due to the elongation of the post-tentacular region
and the part of the body immediately following. Using
Amaudrut’s (1) phrases, we have an almost extreme case of
‘“allongement posttentaculaire,” followed by an “allongement
dorsal,” and many of the peculiar features of helicinid anatomy
are'to be explained by the excessive growth in length of these two
regions. The post-tentacular region lies above the anterior two-
thirds of the columellar muscle, and its posterior limit is marked
by two or three deep wrinkles of the body-wall. The body-wall
of this post-tentacular region is fairly stout and muscular, and
the epidermis is, as a rule, deeply pigmented. The colour differs
in different species. It is nearly black in Alcadia, grey shading
posteriorly into white in Hutrochatella pulchella, yellowish grey
in Lucidella awreola, a dark chocolate-brown in Palwokelicing ide,
and a bright chestnut-brown in Aphanoconia gouldiana. In the
post-tentacular region are contained the buceal bulb and the
greater part of the cesophageal pouches. In the dorsal region
following on the post-tentacular the body-wall is thin and nearly
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transparent, the musculature is feeble, and the epidermis is not
pigmented. This dorsal region is relatively of considerable length ;
its concave lower border corresponds very closely in length with
the surface of insertion of the left columellar muscle ; its upper
surface extends back to the pericardium. It contains nearly all
the coils of the intestine, the cesophagus, the radular sac, and the
hinder lobes of the asophageal pouches. Its roof forms the floor
of the hinder part of the mantle-cavity. Tn consequence of the
elongation of these two regions, but particularly of the dorsal
region, the mantle-cavity is continued very far back ; so far that,
measured from its most anterior to its most posterior limit, it
makes nearly a complete tun of a spiral, whereas in Nerite and
Neritina it makes little more than half a turn. Broad in front
where its roof passes from the right to the left columellar muscle,
the mantle-cavity becomes narrower and narrower posteriorly and
ends in a pointed cul-de-sac below and somewhat to the vight of the
lower surface of the visceral mass. Its extreme posterior limit is
not quite visible in fig. 1. With the hinder end of the mantle-
cavity the pericardium has also been earried very far back. Tt is
laid open in fig. 1 to show the position of the heart. It will be
seen that the single auricle seems to lie behind the ventricle, and
not in front of it as does the larger left anricle in the Neritidee. In
horizontal sections, such as those depicted on Pl XXXIII. figs. 18
and 19, this posterior position of the auricle forces itself so much
upon one’s attention that 1 was led to form the theory that the
single auricle of the Helicinidze corresponds not to the left and
larger, but to the right and rudimentary auricle of the Neritidze ;
and in my memoir on the morphology of the latter family (2,
p- 833) I prematurely gave expression to this view, which seemed
to me the more probable because I found that in correlation with
an increase of the pallial vessels in Septaria the right anvicle
became relatively larger and took an obviously larger share in
carrying blood from the pallial vessels to the ventricle. But since
then, after a careful study of the relative positions of the kidney,
the uropore, the rectum, and the heart in the Helicinide, I have
satisfied myself that this view was erroneous.

As a consequence of the dorsal elongation of the body all
these organs have been rotated through an angle of rather more
than 90°, in such wise that the pyloric end of the stomach, which
in the Neritide is dirvected forward and to the left, comes to lie
at the right posterior end of the body in the Helicinide, and
the swollen @sophageal end of the stomach, which is posterior
and somewhat to the left in the Neritide, is directed anteriorly
and to the right in the Helicinide, forming a conspicuous
rounded prominence at the extreme end of the visceral mass
(Pl XXX. fig. 1, 8%."). To understand the nature of this rotatory
movement the reader should refer to fig. 42 of my memoir on
the Neritidee. This figure represents a horizontal section of
Paranerita gagates, and shows the position of the aesophageal (St.)
and pyloric (S¢.') divisions of the stomach. It should be noticed
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that the extremity of the visceral mass, lying to the right, is
wholly occupied by the liver and gonads. If, now, the reader will
lay a tobacco-pipe in front of him ou the table, the bowl (repre-
senting the wsophageal division of the stomach) to his right, the
stem (representing the pyloric division of the stomach) to his left
front, it will occupy much the same position as does the stomach
in the figure referred to. If, while the bowl is kept pressed
against the same spot on the table, the stem is lifted up and
rotated through an angle of rather more than 90° till it points
over the observer’s right shoulder, the whole pipe will have been
rotated through an angle which brings it into the position of the
stomach of the Helicinidee—the animal being supposed to be
placed foot downwards upon the table with its head turned away
trom the observer. As all the organs of the left side of the
body, including the posterior end of the mantle-cavity, the peri-
cardinm, the heart, the kidney, and the coils of the intestine,
have shared in this movement of the pyloric end of the stomach,
theirr positions have been nearly completely reversed, and the
left auricle instead of lying in front of the ventricle has come
to lie behind. The right auricle has entirely disappeared in the
Helicinidz, and the vectum, having undergone some degree of
displacement in connection with the above-described movement
of rotation, is no longer enveloped by the ventricle.

The kidney has also undergone a curious and at first sight a
puzzling change of position. In the Neritide, as described in
my previous memoir (2, see PL. XLVL. fig. 1 for its position in
Septaria, Pl LIV. fig. 29 for its position in Paranerita gagates),
its glandular part lies to the left hand of and partly below the
rectum : posteriorly the glandular part opens into the spacious
non-glandular bladder or wreter, and the latter runs forward,
below the glandular part, to open by the uropore into the mantle-
cavity on the right of and close to the base of the ctenidium.
In this family the greater part of the kidney lies in the roof
of the mantle; it is only its posterior extremity that passes below
the rectum and invades the visceral mass, where it lies just above
the pyloric end of the stomach. The effect of the rotation of the
last-named organ in the Helicinide is that the kidney has been
carried round till it comes to lie wholly in the visceral mass, on the
lower side of the latter, between the loop of the rectum which
passes round this region and the pyloric division of the stomach,
as may be seen in the series of sections (Pl XXXIIT. figs. 17 to 20)
and in the diagram (Pl. XXXIV. fig. 24), which is a reconstruction
from this series of sections. The kidney, in short, has been
turned completely round, so that its originally posterior end looks
to the left front and the uropore opens into the right hinder
corner of the mantle-cavity, the reno-pericardial canal, main-
taining its relation to the uropore, into the rvight posterior corner
of the pericardiumn. It is further to be observed that the visceral
mass, though apparently more coiled, is really less coiled in the
Helicinidee than in the Neritide. In all systematic weorks stress

Proc. ZooL. Soc.—1911, No. LIII. 53
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is laid on the fact that the internal partitions of the shell are
absorbed in both these families. This absorption has not pro-
ceeded quite so far in the Neritide as in the Helicinide. In
Nerita and Paranerita theve is a recess in the upper right-hand
part of the shell which contains that lobe of the visceral mass which
consists wholly of liver and gonads and represents the visceral
spire of other Gastropods. This recess and the lobe of the
visceral sac corresponding to it arve not found in the Helicinida :
the wall of the cesophageal division of the stomach comes very
near to the surface (Pl. XXXIII. figs. 17 & 18), and the liver and
gonads are disposed at the sides of and above the pyloric division
of the stomach. The more coiled appearance of the whole is
due to the elongation of the post-tentacular and dorsal regions,
not to the retention of a larger section of the visceral spire of the
presumed gastropod ancestor than in the Neritidze.

From what precedes, it follows that most of the peculiarities of
the Helicinid organization are the result of excessive growth and
elongation of a particular region of the body, and it is an
interesting confirmation of the correctness of the above account
of the manner in which the Helicinid organization has been
derived from the Neritid that, if one makes a plasticine model
of the stomach, kidney, rectum, and intestinal coils as they occur
in Paranerita, and then rotates the stomach in the manner
described, the intestinal coils assume very nearly the position
found, with more or less variation in detail, in all Helicinids.

After this general explanation of the mutual relations of the
prineipal visceral organs in the Helicinidee, I need only refer to
particular features in the several systems of organs which 1 have
to describe in detail. Before proceeding, it should be put on
record that there is not a rudiment of the ctenidium in the
Helicinidee, and I cannot even find a trace of an osphradium.
'The cephalic penis, characteristic of the males of the Neritidee, is
also absent, and there is no external difference between the males
and females in any of the species that I have examined.

®

The Alimentary Tract.

The complex of organs formed by the buccal cavity, the pharynx,
the esophagus with its smaller and larger glandular annexes, the
radula, the radular sac, and the odontophoral cartilages and their
muscles, can only be studied by dissection, and thisis by no means
an easy task in animals so small as most species of Helicinide are.
The relations of the various organs to one another are far too
complicated to trace out in sections., The following description
applies chiefly to dlcadia palliata and A. hollandi, but will serve
almost equally well for any of the other species that I examined,
for all are very much alike except for the details of the radular
teeth.

The mouth is a gaping circular orifice, situated at the extremity
of the downturned snout: it is surrounded by folded muscular lips.
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The buccal cavity occupies the snout, in front of the tentacles.
It is a simple funnel-shaped cavity bounded by a rather thick
muscular wall, the internal surface of which is thrown into about
19 or 20 longitudinal folds. The cavity is lined by a layer of
rather long columnar epithelial cells which secrete a thick cuticle.
Dorsally the buccal cavity is prolonged backward into a little
glandular diverticulum which lies above the median part of the
cerebral commissure. The buecal cavity is separated from the
pharynx by a constriction, deepest on the dorsal side, where the
cerebral commissure lies in it. In a surface view, before dis-
turbance of the various parts, this constriction is not visible
from above, as it is covered over by the anterior salivary glands
shortly to be described, and muscle-fibres pass from the walls of
these glands to the walls of the buccal cavity and of the snout.
Consequently the cerebral commissure seems to be embedded in
the buccal mass.

The passage from the buccal cavity to the pharynx is narrow.
The pharynx is a relatively spacious sac, of which the cavity
1s continued posteriorly into the esophagus above and into the
radular sac below. Beneath and at the sides of the anterior
end of the radular sac lie the odontophoral cartilages, the
anterior ends of which project forward into and occupy the
greater part of the lower moiety of the pharyngeal cavity. It
will readily be understood that, in consequence of the projec-
tion of the anterior ends of the odontophoral cartilages into
the pharyngeal cavity, the latter extends round them both at
the sides and below. Below the cartilages the pharyngeal
extension forms a broad flattened diverticulum, reaching back
nearly to the posterior ends of the anterior cartilages, as far
as the point marked 2 in fig. 3 (Pl. XXX.). Laterally, the line
of attachment of the pharyngeal wall to the anterior odonto-
phoral cartilages is roughly indicated in the same figure by the
curved line running upward and forward from the point = towards
the opening of the cesophagus. It results from this arrangement
that in an oblique section, such as is represented in fig. 4
(PL. XXX.), the pharynx appears to give off two posterior diver-
ticula, lying outside the anterior ends of the odontophoral
cartilages. The inner walls of tlese diverticula are thin and
composed of a single layer of cubical epithelial cells: they are
continued round the anterior and upper edges of the cartilages
into the lining membrane of the radular sac. The outer wall of
each diverticulum is strengthened by a thin plate of cartilage,
too small and transparent to be recognized in dissection, but
readily recognizable in sections. These lateral pharyngeal carti-
lages serve for the attachment of muscles, one set of which run
forward to be inserted on the walls of the snout, the other set
run backward and are inserted on the odontophoral cartilages ;
the former are protractors, the latter retractors, of the walls of the
pharynx.

A portion of the epithelial lining of the outer wall of ‘each

53*
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diverticulum is composed of very long attenuated epithelial cells,
among which are long club-shaped glandular cells. This glandular
strip may be traced upward and forward to the thickened lip of
the wsophageal opening, where it forms a prominent ridge
which passes above into the anterior pair of salivary glands, to
be described shortly.

As is shown in Pl. XXX. fig. 2 and in the section drawn in
fig. 4, the radular sac opens into the pharynx by a widely gaping
aperture situated in the trough-shaped depression between the
anterior ends of the anterior odontophoral cartilages. Posteriorly
the radular sac passes between the posterior odontophoral cartilages
and runs at first to the vight of and below the sophagus, but
soon mounts upwards and to the left, the two organs, wsophagus
and radular sac, being twisted round one another as shown in
fig. 2. The radular sac is short in dlcadia palliate and is of no
great length in any of the species that I have studied. The greater
or less length of the radular sac appears to be an individual rather
than a specific chavacter. The characters of the radular teeth will
be dealt with in a separate section.

The odontophoral cartilages were described in some detail by
Isenkrahe for Helicina titanica, and I have but little to add to his
account, A ventral view of these structures in Alcadic palliaia
is given in Pl. XXXI. fig. 5, and a sketch of a dorsal view of the
same structures in Ewuirochatella pulchelle in fig. 6 : both figuresare
drawn to the same scale. As may be seen from the specimens
figured, the odontophoral cartilages exhibit specific differences in
relative size and proportion, but these differences are of too slight
and elusive a character to be expressed in a description, and scarcely
important enough to make it worth while to give a separate figure
for each species examined. The essential structure is the same
in all. There are two pairs of cartilages, an anterior and a
posterior.  Each member of the anterior pair is a plate having
the form of a more or less elongated isosceles triangle; the
margins of the plate ave thickened and rounded, the central
portion remains thin.  The plate is bent in such a way that its
lower margin is bent inward posteriorly and its upper margin
outward. The posterior margin or base of the triangle, forming
the articular surface for the posterior cartilage, runs obliquely
from above downwards and inwards.  The lower margins of the
two cartilages are connected by a tough fibrous band, and their
thickened edges serve for the attachment of the intrinsic and
extrinsic odontophoral muscles. The posterior cartilages are
short conical masses; their apices directed backwards; their
ventral surfaces convex and their dorsal surfaces more or less
concave. Their broad anterior ends are shaped to correspond with
the articular surfaces of the anterior cartilages, and the two are
firmly held together by muscular fibres, whose arrangement is
indicated in fig. 5. It follows from the above description that
the odontophoral cartilages form the sloping sides of a V-shaped
trough, the concavity of which looks upwards and supports the
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anterior part of the broad radular ribbon. The median and
admedian radular teeth lie in the floor of this trough, the great
lateral teeth lie in the angles between its floor and sides, and
the uncini form cuwrved rows running upwards and backwards
along its sloping sides. The radular ribbon is attached by strong
muscular bands to the cartilages. These muscles run obliquely
forwards from the radula to be attached to the anterior cartilage
of either side, and obliquely backwards to be attached to the
posterior cartilages, these two sets of muscles cansing the ribbon
to slide forward and backward over the smooth surfaces of the
cartilages.

The relation of the wsophagus to the radular sac and odonto-
phore is shown in fig. 3, which is a drawing of a dissection of
these structures in Alcadia palliata. 'The lett cesophageal pouch
and the left side of the wsophagus have been cut away, and the
roof of the @sophagus has been lifted back to the right side to
show the entrance to the right cesophageal pouch and other
structures.  In the angle of the deep fold between the esophagus
and radular sac are seen the buccal ganglia (g.buc.) lying just above
the middle of the anterior odontophoral cartilages. The opening
of the cesophagus into the pharynx, situated just in frout of and
above the buccal ganglia, is irregularly funnel-shaped, with thick-
ened and folded lips projecting forward into the pharyngeal
cavity. Laterally, these lips are deeply grooved, and on either
side the groove is continued backward and downward into the
lateral pharyngeal diverticulum deseribed above, and upward and
somewhat forward into the anterior salivary gland of its own
side. These anterior salivary glands are formed by a pairof pocket-
like forward projections of the esophagus, which in their natural
position lie side by side and form a pair of pouches lying above
the cerebral commissure. Between them is an anterior cwmcal
diverticulum continuous behind with the median dorsal groove of
the anterior part of the wsophagus. When separated by an
incision in the mid-dorsal line and turned ontwards, the anterior
salivary glands present the appearance shown in fig. 2. Inter-
nally their walls are raised into a number of thick glandular
ridges: the outermost of these ridges is specially thick and is
continued downward, in the groove passing to the side of the
cesophageal orifice, into the glandular ridge on the outer wall of
the pharyngeal diverticulum, as has been described above.

The anterior section of the wsophagus, lying above the
odontophore, is fairly wide. Internally, its walls present a
number of longitudinal glandular ridges, and in the mid-dorsal
line there is a deep groove bounded internally by prominent
ridges; posteriorly this groove shallows and eventually dies out.
On either side of this anterior section of the cesophagus is a
gaping oval orifice (figs. 2 & 3, o.wp.) leading into the large
esophageal pouches, or, as some would call them, the posterior
salivary glands. The last-named structures are capacious irregu-
larly lobulated sacs with large cavities. Their inner walls are
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lined throughout by a glandular epithelium, consisting, as far as
I was able to determine, almost wholly of very long goblet-shaped
secretory cells containing zymogen granules, with very few attenu-
ated supporting cells lying between.  The histological characters
of the epithelium were not, however, very well preserved in any
of my specimens.  The two pouches are closely pressed against
the sides of the cesophagus, and in the species in which they are
longest follow the turns of the latter. Hence, as the cesophagus
makes a turn towards the left before it passes down through the
loop of the rectum, the right csophageal pouch generally passes
over to the left side and above the asophagus, the left pouch
passing to the right and below the esophagus and radular sac.
The cesophageal pouches ave velatively short in dlecadia palliata
and of approximately equal width throughout, but they are much
longer and diminish in diameter towards their posterior extre-
mities in d. kollandi. They are particularly long and of a deep
chocolate colour in Paleeohelicina idee ; in most species they are
white in spirit-specimens.

Behind the openings of the wesophageal pouches the cesophagus
narrows somewhat abruptly in diameter ; the glandular internal
longitudinal ridges disappear, and are replaced by nine or ten
longitudinal ridges formed by columnar ciliated epithelial cells,
and these may be traced thronghout its course to the stomach.
This course is a long one, for the stomach lies aslant on the
lower side of the visceral mass, below the greater part of the
lobes of the liver and below the eoils of the intestine. As seen
from above and behind, it is a large pyriform sae, the narrower
end lying just above the posterior corner of the pericardinm ;
the broader end forming on the right side of the visceral mass a
large rounded prominence which fits into the concavity on the
ventral side of the right columellar mnsele. The asophagus
enters the stomach on the upper side of its broader end, and its
course 1u the several species examined will be best nnderstood by
reference to Pl. XXXII. figs. 10 to 15. Passing to the left as it
enters the visceral mass, the cesophagus lies above the first coils
of the rectum, then passes below the recurrent coil of the rectum,
and so arriving at the dorsal surface of the stomach runs along
the latter as a flattened tube and opens, as stated above, into
its broader end, dilating considerably just at its point of entrance.
This dilatation. which might almost be described as a diver-
ticulum of the stomach itself, receives right and left the wide
ducts of the liver (Pl. XXXIT. fig. 7,and Pl. XXXILI. fig. 16, li.d.).

The internal structure of the stomach is very complicated. It
attracted the attention of Isenkrahe, who gave a fairly accurate
description of it. Fig. 7 is a representation of a dissection of the
stomach made from behind and below the visceral mass. The
esophagus is shown at e., and its entrance into the stomach is
indicated by the arrow. The entrance of the left liver-duct is
shown at /i.d.; that of the right liver-duct lies on the far side
of the prominent curved ridge guarding the entrance to the
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cesophagus. Both the cesophageal aperture and those of the liver-
duets are surrounded by complicated epithelial ridges, which, as
shown in the drawing, converge towards and pass into a deep
groove running along the dorsal side of the narrower pyloric
moiety of the stomach. The edges of this groove are hounded by
two prominent folds; that on the 1ight side (the left in the
drawing) being continued towards the cesophageal opening as a
projecting ridge, ending at the side of the aperture in a very
prominent crescentic projection covered by a thick iridescent
cuticle.

The internal surface of the stomach is lined by a mixed glan-
dular and ciliated columnar epithelium, the characters of which
areshown in PI. XXXT. fig.8; the glandular elements predominate
in the cesophageal, the ciliated elements in the pylorie, moiety of
the stomach. The epithelial cells are lower in the furrows, taller
and more slender in the ridges, these latter structures being
formed entirely by thickenings of the epithelium, and not by
foldings of the wall of the stomach. The crescentic projection to
the right of the wesophageal opening is formed by a local modifi-
cation of the epithelium, the cells of which are here extraordi-
narily long, with nuclei placed about the middle of their length,
and with apparently homogeneoustransparent cytoplasmic contents
(Pl. XXXI. fig. 9); they are all of one kind, without any admix-
ture of glandular cells, and, so far as one can judge. they are not
themselves glandular. The free ends of these cells are covered bya
very thick and tough cuticular coat, which stains deeply in hema-
toxylin, brazilin, and other ordinary dyes. The whole structure
corresponds to the “fléche tricuspide,” of which the characters
have been thoroughly described for Lamellibranch stomachs.
and which has been noted as oceurring in several Gastropod
'stomachs. There is no definite crystalline style in Helicinide,
but in several specimens that I dissected I found the cavity of
the stomach filled by a semitransparent gelatinous mass. which
appeared to be similar in origin and composition to a crystalline
style. In several specimens I found that the intestinal end of
the groove of the pyloric moiety of the stomach was occupied by
closely compacted fwcal pellets or rods, while the cavity below
was filled either by the gelatinous mass above mentioned or by a
loose mass of semi-digested food. It may be inferred from this
that digestion is effected in the general cavity of the stomach,
and that the indigestible materials of the food are collected into
the dorsal groove and passed into the intestine.

Morphologically, the stomach of the Helicinidz closely resembles
that of the Neritide, and further bears a resemblance to the
stomachs of the Fissurellide and Scissurellide, which, as in this
case, have a groove leading from the hepatic ducts towards the
intestinal end of the stomach, but no spiral cecum.

The small intestine is a comparatively narrow tube, which after
leaving the pyloric end of the stomach runs back for a short
distance over the dorsal surface of the latter, parallel with the





















































































































