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ANATOMICAL AND TAXONOMIC STUDIES 0F SOME
INDIAN FRESH WATER AND AMPHIBIOUS
GASTROPODS

ON THE ANATOMY OF INDOPLANORBIS EXUSTUS
(MOLLUSCA PULMONATA)

BY H. SRINIVASA RAO, M.A.,
Resear¢h Assistant, Zoological Swrvey of India.

In their paper on the Aquatic and Amphibious molluses of Manipur
Drs. Annandale and Prashad! have touched on some points in the ana-
tomy of 7. exustus and given recasons for establishing a new genus as
different from the true Planorbis of Miiller (with the European Planorbis
corneus Linn., ag type-species).

At the suggestion of Dr. Annandale I took up a detailed study of
_the anatomy of 1. e.ustus with special reference to P. corneus, and the
smaller Indian Planorbids belonging to the genera Gyravlus, Segmentina,
and Intha. Of the latter, the Zoological Survey collection contains some
amount of well-preserved unnamed material obtained by Dr. Gravely
from the Central Provinces, while Dr. Annandale kindly gave me two
large preserved examples of the former taken by him at Edinburgh.
I have had also the opportunity of examining a small collection of the
smaller Planorbids from Manipur and the Inlé lake.

My sincere thanks are due to Dr. Annandale for his constant guidance
and valuable suggestions in the course of my work, and for going
through the manuscript with me.

Indoplanorbis exustus (Desh.) is the largest Planorbid known in India
and is widely distributed in the Oriental region. It resembles in some
respects the Kuropean I’. corneus Linn., the type-species of the genus
Planorbis, but is well differentiated by anatomical characters.

The shell is discoidal and sinistral with the whorls convex and
has a wide ear-shaped aperture.”? The living animal usually carries
the shell with the broader end of the aperture on its right and the
narrower on its left. In this position the upper extremity of the shell
corresponding to the spire (which is flattened in such forms) is on the
animal’s left, and the lower on its right. The sinistral nature of the
shell can be readily reccznized when it is held with the aperture facing
the observer and’on his left.

If the body and penultimatc whorls are carefully broken off, the
remaining shell, which consists of the innermost whorls, is Physa-like.
It is noteworthy that the very young shell of I. exustus® has a similar
form. ,

When the animal crawls in a fully expanded state the portion of the
body exposed is roughly boot-shaped, with the broad anterior region

! Aunandale and Prashad, Rec. Ind. Mus., XXII, pp. 577—582 (1921).
* Annandale and Prashad, op. cit., pp. 578—581.
* Germain, Rec. Ind, Mus., XXI, pp. 40-41, text figs. 12—}4,
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corresponding to the heel and the narrow posterior extremity of the
foot to the toe, and consists of the head, foot, and neck.

The head is anterior, moderately convex, sligktly longer than broad
and anteriorly produced into a short, rounded snout. The lower anterior
margin of the head is expanded into a flattened, roughly rectangular
lobe, deeply emarginate in the middle of the anterior margin, and
gradually sloping to the sides. In outline this expansion resembles
that of the hammer-head shark. It is highly mobile in life, and is
always extended in front of the anterior margin of the foot. The mouth
ig a Y-shaped or T -shaped slit in the middle of the lower surface of the
head a little anterior to the foot. At the upper erd of the head on each
gide is a moderately long, filiform tentacle, with two semicircular expan-
sions at its base. Of the latter the outer is the 'arger, and is innervated
by three or four branches from the tentacular nerve. The inner is
smaller, and has no supply of nerves. A groove is formed between
the two expansions. The male genital aperture opens at the base of
the outer expansion on the left side. At the inner base of each tentacle
lies the eye, which is a small spherical mass of dark pigment placed
below the integument.

F16. 1.— Indoplanorbis ecustus: Viewed from the right. The right half of the
mantle and the thin membrane covering the internal organs have been removed.
¢ m., columellar muscle ; e.m., external membrane ; >, firsf loop of the intestine;
ft., foot; k., heart; hm., hermaphrodite gland; ., intestine ; k., kidney; I.
liver; m., mantle-edge ; oe., cesophagus; og,‘Organ de la glaire’; p c., pallial
cavity ; pr., prostate; s., stomach ; s v., spermatheca. i

The foot is ventral, leaf-shaped, broadly rounded in front and tapering
behind. .

The neck is a somewhat elongated cylindrical structure stretching
obliquely backwards above the head. .

The edge of the mantle is slightly thickened and does not extend
beyond the margin of the aperture. At the base of the neck and on its
left is a small rounded aperture through which bubbles of air may be
seen to escape. This is the opening of the pu'monary siphon. Close
to the narrower side of the aperture and projecting from helow the
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mantle is a broad roughly triangular lobe with transverse folds on its
upper and lower surfaces, and with its free extremity often curled up.
This is the branchial process or pseudobranch." Between the pulmo-
nary siphon and the hase of the pseundobranch is the circular anal
aperture. This is not clearly seen as a rule, but its position can be
made out in the living animal by the occasional ¢jection of long threads
of feecal matter consisting of mud and sand grains.

The animal as a whole is capable of great contraction, and when
disturbed withdraws itself to the inner extremity of the body-whorl.
In the fully expanded animal the head, foot, and neck with the
associated structures mentioned above are alone to be seen, the remain-
ing organs of the wody being confined to the inner whorls of the shell.

The body on remova! from the shell may be seen to consist roughly
of three regions. The anterior region includes the head, neck and foot ;
the middle the pallial cavity (with the pulmonary siphon and the psendo-
branch), the esophagus, the columellar mausecle, the kidney and heart,

F16. 2,—Indoplanorbis exustus: Viewed from the left. The thin membrane
covering the inner whorls Las been removed. a., auricle; ce., cut edge of thin
membrane covering th~ internal organs ; f., fold hanging from the roof of the

allial cavity ; ft., font; Am., hermaphrodite gland; /., intestine ; k., kidney;
., liver; m., mantle-edge; p., everted penis ; ps.. pseudobranch ; s., stomach.

part of the genitalia, and the rectum ; and the posterior the stomach,
the intestine and liver, and the rest of the genitalia. A thin membrane
covers the middle and posterior regions. It is pigmented black on the
middle region, and is transparent on the posterior, but the depth of
colour varies in different parts of the regions, and in different indivi-
duals. On removing this thin membrane the disposition of most of
the internal structurer can be made out with great faeility.

On the right side, the middle region has the pulmonary cavity roofed
over by the tubular part of the kidney in the middle., On slitting open
the pulmonary cavity on this side, part of the genitalia and the
cesophagus lying above the coluinellar muscle may be seen. The
stomach, the liver and intestine may be seen in the posterior region.

1The term ‘pseudobranch’ has been proposed by Dr. Annandale for this
rocess, as it is quite different in structure from the typical molluscan branchie,
adopt this term throughout .n the present description,
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On the left side, a small portion of the pulmonary cavity with the
rectum below may be seen in the middle region, while a portion of the
liver and intestine, and the entire hermaphrodite gland occupy the
posterior region.

The mantle is thin and vascular over the pulmonary cavity, and is
attached anteriorly to the neck of the animal on the right of the
pulmonary siphon. Its free margin is slightly thickened, smooth,
vascular, and has short longitudinal muscle fibres.

On cutting the mantle above the pseudobranch along the length of
the pulmonary cavity and reflecting it to the right, it may be seen that
the pulmonary siphon is formed by the broad supcrior pallial lobe. On
its left separated by a short space lies the pscudobranch, which is the
modified inferior pallial lobe. Between the two, but close to the base
of the pseudobranch is the circular anal aperture. The female opening
is a small round aperture at the base of the neck, and a little below the
right side of the siphon. The floor of the pulmonary cavity is lined by
a thin membrane which shuts off the underlying structures. This
membrane is continued upwards over the posterior part of the cavity
separating the structures of the posterior region from it. There are two
vascular folds lying parallel to and above the rectuma  From the roof
of the pulmonary cavity depend two vascular folds, a large one close to
the kidney, and a small a little to the left. The kidney is an elongated
tubular structure running obliquely from the posterior to the anterior
end of the roof of the pulmonary cavity. It will thus be seen that the
latter is an incompletely closed chamber communicating with the out-
side by means of the siphon. In the living arimal it is filled with air
which may he expelled when required through the siphon. The air,
however, never seems to bz completely expelled, a small residue being
always left even in individuals killed in a contracted state.

The colour varies to some extent in different examples of the species
from different localities. The head, foot, and neck are deep reddish
brown, or dark grey speckled with minute yellow dots. The margin
of the foot is yellowish brown. In the living condition the red blood
of the spacious sinuses is responsible for the de¢p reddish colour, which
fades frequently with the rushing back of the bLlood into the upper
parts of the body. In preserved examples the colour is dark brown
fading to a deep slaty gray. The sole of the foot is paler than the rest
of the foot. The tentacles have dark spots or transverse bands, and are
minutely dotted yellow. A small mass of dark pigment is sometimes
found at the tip of the tentacle, and has the appearance of an eye. The
mantle has a layer of black pigment above, t.aces of which may be seen
on the membrane covering the upper whorls of the animal.

The Alimentary System.—The mouth, as has already been described,
is a narrow Y-shaped slit. But it may also be T -shaped when tightly
closed. When the animal feeds, or hangs upside down from the surface-
film the aperture of the mouth is oval, and freouently opened and closed.
A little behind the aperture are to be found the chitinous jaws, which
consist of a transverse and two vertigal pieces. The former is a strongly
chitinised semicircular piece of a dark brown colour, which has its inferior
margin uneven. The latter are less strongly chitinised, slightly curved
narrow strips of a yellowish colour, and are plac2d one on each side close
to the outer and inferior margins of the transverse piece with the concave
ride directed outwards and the inner convex sildes often meeting in the
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middle. Under a low power of the microscope they are seen to be
indistinctly divided into numerous, narrow, transverse segments. Close
to each of the vertical pieces on the inner side is often found a thin,
yellow strip of chitirous structure which is divided into a number of
club-ghaped filaments directed towards the buccal cavity.

In P. corneus and in some species of Gyraulus the jaw is of the same
type, whereas in other species of Gyrauwlus and in species of the genera
Segmentina and Intha it is a single, narrow, chitinous strip of a yellow-
ish brown colour bent in the form of an inverted {J, and is distinctly
segmented.

s‘
H
»
»
)
»
H
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F16. 3.--a., jaw of Indoplanorbis exustus ; b., jaw of Gyraulus sp.

The mouth leads upwards and backwards into the narrow buccal
cavity, the roof and sides of which have muscular walls, while the floor
is formed by the odontophore. The latter consists of a soft but thick
and tough, saddle-shaped structure supported by a pair of vertical
muscle-pads. The radu’a lies over this structure, and stretches down-
wards and backwards into the radular sac, which is a short digitiform
process projecting from below the posterior end of the buccal mass.
When the animal actively feeds, or floats upside down from the surface-
film of water, the radula is worked upwards, forwards and backwards.
It is a broad chitinous ribbon with several rows of teeth, usually 77 to
83 longitudinal rows of teeth in the broadest portion of the radula, with
the approximate dental rormula 26.12.1.12.36. Each tooth consists
of a broad basal part and an overhanging flap above bearing triangular
or conical cusps on its free margin. The cusps are worn out and con-
sequently blunt in ~ome of the anterior rows of teeth. The marginals
vary in number to some extent, while the central and laterals are
always constant. The outermost lateral, which has traces of a division
of the entocone into swn.all secondary cusps, may be considered as the
first marginal, and all the teeth centrad of it with only three cusps on
each as the laterals. The central is small and has only two cusps
slightly unequal in size. A minute cusp is sometimes seen at the base
between the two. In the laterals the mesocone is the largest cusp, and
the ectocone small and shorter than the rest. In the first marginal the
entocone is usually divided into smaller secondary cusps, while the bace
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of the ectocone and the outer margin of the flap bear very minute cusps.
In the second and third marginals generally the innermost cusp of the
entocone has its inner base somewhat decply divided. In the next few
marginals the cusps of the entocone and the mesocone standout in a
single, more or less, transverse row with the ectocone much below the
base of the mesocone. The ectocone may often be divided into two
nearly equal cusps with several minute ones at its base. In all these
marginals the mesocone remains unchanged and is the largest cusp. In
the next few marginals the mesocone gradually becomes smaller and
smaller until it is of the same size as the secondary cusps of the
entocone. Some of these latter are entirely suppressed so that there
are fewer cusps on an elongated, narrow body. The cusps themselves
become blunt and rounded. The ectocone is also gradually reduced
until it disappears. In the last few marginals the cusps are all
gradually reduced until the last marginal loses all traces of them and
becomes a narrow strip of chitin with its free extremity blunt and

105559
Y

F16. 4.—Indoplanorbis exustus: Radular teeth. c¢., central; [., laterals;
m., marginals.

A pair of salivary glands lies above, or in close relation with the
male genital duct, and passes close to the iuner ride of the cerebro-
pleural commissure to open into the bueccal cavity, ore on each side of
the commencement of the cesophagus. Each gland is a long tube which
may, for convenience, be divided into three regions. The posterior
region lies behind the nerve collar and has small diverticula. It gradu-
ally narrows to a fine tube which crosses the nerve collar, and enlarges
into a wide lobed sac lying on the posterior face of the buccal mass.
This is the middle region. The posterior and the mriddle regions form
the gland proper, while the anterior, which is a short fine tube com-
mencing from the sac, is the duct. At the posteri~r extremity the
glands of the two sides are united by a very short narrow connective.

In P. cornens the salivary glands are of the same type with slight
differences. The saccular middle region is 1 uch larger, and is in the
form of a mushroom with a large number of thin finger-shaped diver-
ticula, while the posterior tubular region is much longer with prominent
diverticula on them.

In the smaller Planorbids belonging to the genera Gyraulus, Seg-
mentina, and Intha the salivary glands are much simpler and almost
uriformly tubular. .
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The buccal cavity leads backwards and upwards to the msophagus
which commences as a median narrow tube from the top of the buccal
mass near its post.q;ior end. On leaving the buccal mass the cesophagus
descends to pass through the nerve collar, and runs parallel to and on
the right margin of the columellar muscle as a narrow compressed tube.
It passes below the albumen gland on its right and enters the stomach.
It is pigmented dull gray, and has longitudinal folds in its lumen which
give it a striated appearance externally. The stomach is roughly barrel-
shaped with both ends gradually tapering. The wide central part is
smooth, and provided with thick, shining, transverse muscle-fibres.
It has a spacious lumen filled with small grains of sand. 'The anterior
and posterior tapering portions have longitudinal folds in the lumen.

The colour of the stomach is usually reddish pink. The intestine
is a long cylindrical tube with smooth walls, and commences from the
posterior end of the stomach. It turns sharply to the right and passes
parallel to the stomach up to the anterior end, and then to the left
bordering the anterior part of the stomach. It runs obliquely back-
wards in a groove on the liver towards the right side and surrounds
the entire liver in a wide loop. On passing obliquely forwards nearly
touching the first loop it slightly descends to emerge from the hind end
of the pallial cavity as the rectum. The latter has a straight course to
the anus and is roofed over by two parallel vascular folds about which
mention has already been made. The intestine is usually of a dull pink
colour which deepens on the rectum. A small finger-shaped cacum
is present at the commencement of the intestine in the bend formed
bhetween the latter and the stomach. Its lumen has minute longitudinal
folds. The ducts of the liver which are usually four in number open
into the stomach at the base of the cecum.

The disposition of the alimentary tract is essentially the same in P,
corneus and the smaller Planorbids, but some variations in the length
and nature of the intestinal loop, and in the size of the cacum occur in
the latter. In some species of Gyranlus, as for instance (7. cuphraticus
Mousson, the intestinal loop round the liver is either very short or
totally absent, the inta2stine in the latter case proceeding forwards
straight from the stomach instead of coiling round the liver; and the
cecum is well aeveloped. In other species of (Fyrarnius and in
Segmentina taia Annandale and Inthe capitis Annandale the intestine
is long and surrounds the liver more or less completely. The cacum
in these is very small, and is often overlooked.

The liver is a large brownish mass extending from the posterior
end of the albumen gland up to the base of the hermaphrodite gland.
It is often heavily infected with cercari of a parasitic trematode. Most
of the individuals that I examined from Calcutta and Nagpur had the
liver disintegratea to 2 slight extent on account of the infection. The
hermaphrodite gland, being close to the liver, is also frequently affected.

The pallial cavity—The pulmonary chamber occupies a greater
portion of the body whori, and is about a third of the length of the
whole animal. The sides and roof are formed by the mantle, while the
hind end is shut off fromn the structures of the upper whorls by a
membranous partition which also paves th~ floor of the chamber, separat-
ing off the underlying crgans, while the front end is shut off from the
head by the union of the mantle with the neck. It communicates with
the outside by means of the pulmonary siphon. The mantle is highly
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vascular over the roof and sides of ths chamber, and branching lacunas
may be seen through the pigmented membranous covering. The res-
piratory surface of the interior of the chamber ig increased by the
presence of longitudinal vascular folds projecting intb it from the roof
and the floor. A comparatively large thick fold commencing from
about the level of the heart extends along the left margin of the kidney
to the front end of the chamber, and hangs down as a vertical flap just

F16. 5.—TIudoplanorbis erustus : Mantle cut open lonfitudinally on the right side
and reflexed to the left showing the folds of the pallial cavity. The kidney is
partly opened from below to show the internal folds. ¢.m., columellar muscle ;e.k.,
external opening of kidney ; f.1, £.2, folds on the roof of the pallial cavity ; [3. /4,
rectal folds of the pallial cavity ; [, folds in the lumen of the kidney ; %., kidney ;
p-» pseudobranch ; p.s., pulmonary siphon ; r., rectum.

above the rectum roughly dividing the cavity into two chambers. It
seems probable that in life, when the pulmonary chamber is distended,
cven this temporary division does not take place. A little to the left of
the large fold is another small one lying parallel to the kidney from the
hind end of the chamber to a little behind the margin of the mantle.
Ahove the rectum and parallel to it on each side runs a prominent,
thin, vascular fold, the right continuous with the left margin of the
siphon, and the left with the right margin of the pseudobranch. So far
as I have been able to make out in the examples of P. corneus before
me the right fold is absent,” but in its place there is a broad convex

ridge. .

In the smaller Planorbids the vascular folds are very minute, and
are found in the same positions. :

Running close to the base of the renal and rectal folds are two

principal veins which may be observed on removing them. Spherical
calcareous concretions are found in great numbers on all the folds.

! Pelseneer has figured two folds above the rectam in P, corneus. Vide Areh,
we Biol., XIV, pl, xvii, fig. 27 (1895-96). .
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They are also found on other structures of the pallial cavity and on the
walls of the vascular sinuses.

The air in the pulinonary chamber is often expelled in small
bubbles through the siphon, and this act is probably an expulsion of
impure air.  When the animal is disturbed at the surface of the water
it usually discharges a few bubbles of air with a simultaneous contrac-
tion of the body to a slight extent, and drops to the bottom. It does
not rise up to the surfuce dir.ctly from the bhottom, but crawls over
weeds and other supports to the surface of water. It seems to me
therefore that the pulmonary chamber is not, strictly speaking, a
hydrostatic organ as w-ll.

F16. 6.—Indoplanorbix erustus : Lieft view of the anterior region showing the
pseudobranch, f., foot; m., nantle; nd., mouth ; p., pscudobranch; 7., tentacle.

The siphon is a broad thin lobe, deeply emarginate in the middle
of the anterior margin, and when the sides of the lobe overlap above, a
temporary tube is formed, through which the air in the pulinonary
chamber escapes to the outside. Usunally the whole siphon is well
within the margin of the mantle, but at the time of expulsion of the air
it is slowly protruded slightly beyond the edge of the mantle with its
extremity expanded into a funnel.  As soon as a bubble has heen dis-
charged the extremity of the siphon is flattened and is the first to touch
the surface film of wa.er. It thea suddenly contracts so that the wide
funnel-shaped opening is reduced to a small circular apertare, through
which water does not pass into the pulmonary chamber.

In P. corneus the siphon is short, broad, thick and prominent. In
the smaller Planorbide it is always present,! but varies in form and size.

! 'Drs. Annandale and Prashad have observed a spirally coiled, ;g)i odial siphon
in Camptoceras lineatum Blanford (Rec. Ind. Mus., XXII, p. GE A similar
siphon in C. hirasei Walker fron. Japan is figured by Walker in Occ. Papers Mus.

ool. Univ., Michigan, no. 64, pl. 1 (1919). '

2 .
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In some species of (‘yranlus it is short and broad, while in others long
and narrow ; and in Segmentina taic and Intha capitis it is small and
less consy.icuous.

The pseudobranch is a broad leaf-shaped lobe attached by its hroader
end below the anal opening on its left. The upper and lower surfaces
are thrown out into a number of prominent pleats or folds, three or
four of which are grouped together. Each group of folds is separated
one from the other by a short deep gap. The frece margins of the
psewdobranch are not involved in the folding, but form a border to the
central folded area. The colour isa dull brown or slaty gray speckled
with yellow dots. In the expanded animal the free terminal portion is
curled up against the edge of the mantle, or rarely of the shell. In
this position the folds of the upper surface are not visible, and even
when uncurled appear much less prominent than those of the lower
surface. They are very complex as may be secen in transverse and

F1G. 7.~ Iudoplanorbis esustus : Ventral view of a living young specimen.
Jt., foot; p., pseudobranch ; sh., shell.

longitudinal sections of the pseudobranch. In several living examples
that T observed the pseudobranch had its free extremity always curled
up both in the expanded and contracted state.! It is vascular and has
well developed efferent and afferent veins, and has a supply of muscle-
fibres and nerves. In young individuoals it has the same structure and
digposition as in the adult, From its position and structure the
pseadobranch appears to he an accessory respiratory organ.

In P. corneus the pseudobranch is a gimple leaf-shaped lobe without
the folds of I. erustus. In the examples before me it is very much
contracted and hardly distingunishahle as a distinct lobe owing to the
effect of spirit in which they were killed and preserved. The figures
of Simorth? and Pelseneer? however, show clearly the position,
form, and extent to which it can be extended. One of the chicef

L4

e e 4 e L e ey em

! Dr. Annandile informs mos thut he his observed the pseudobranch in a
straight condition in living eximples on th: Birkuda Islanil under certain
abnormal enaditions suh as foulness or silinity of the water in which they live.

1 Simroth, in Bronn's Tier-Reich, 1LL, 3, p. 453, tsxt-fig. 152¢.
¢« 3 Pelseneer, Arch. d2 Biol., XUV, pl. xvii, figs. 23, 2}, 25 {13)3-33) .
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general differences between I. exustus and P. corneus, therefore, lies
in the nature of the pseudobranch.

Fia. 8.—Gyranlus euphraticus : f, foot ; ne., mantle edge ; p., preadobranch.

In Pulmobranchic lamellata' Pelsencer the pseudobranch is remark-
ably of the same type us in [, erustus, and in some respects the
anatomy of the latter regembles more closely that of the former than

P. corneus.

Fii 9.—Indoplanorbis erustus : Transverse section of psendobranch through
the anterior part.

In species of Gyrawulus the psendobrarch is a simple, thin, leaf-
shaped vascular lobe without the transverse folds, There is, however,

! Probably a species of Physustra (cf. Prashad, Rec, Ind. Mus,, XXII, p. 475).
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an oblique vertical fold on the upper surface extending from the base
to the free extremity. Faint transverse striations may often be seen on
either side of the fold. Slight variations in the rize and shape of the
pseudobranch may also occur. 'The presence nf the vertical fold appa-
rently distinguishes the structure of the pseudobranch from that of
Planortis s.s.

It is curious that there is no trace of a pseudobranch in Segmentina
teia and another unnamed species of the same genus or in Intha capitis.
1f this structure is proved to be abgent in all other species of these
genera it would afford an important generic distinetion between them
and the larger Planorbids, and indicate the clcse relationship of the
genera Segmenting and Intha, As will be geen later thege latter ave
closely related in anatomical characters. :

Fll(}. 10.—Indoplanorbis erustus : Longitudinal section of pseudobranch and
mantle.

The vascular system.—This consists of the heart enclosed within a
pericardial chamber, ihe thin-walled vessels earrying blood to the
various organs, the so-called veins with no definite walls taking blood to
the respiratory organs, and the large sinuses which place the two systems
in communication. The latter are very numerous in the foot, mantle,
head, pseudobranch, and folds of the pallial cavity, In preserved
examples the veinous vessels have a wide lamen filled with a whitish
cheese-like mass, while the others have thin, collapsed, pigmented walls
with numerous calcareous concretions. The heart lies at the extremity
of the pallial cavity on the right side and may be seen through the pig-
mented membrane of the mantle as a whitish triangular structure.
The pericardial membrane is extremely thin and closely adherent to
the lower surface of the martle. The heart has the kidney on its left
below and in front, and posteriorly the albumen gland and a portion
of the alimentary tract. It consists of an anterior elongated roughly
triangular auricle with thin spongy walls and a posterior broad
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pear-shaped ventricle with somewhat thicker walls having a reticulate
appearance,

From the ventricle arises a short vessel from which branches are
given off to the variou. organs of the postevior region. The chief of
these may here be mentioned. Immediately on starting from the
ventricle a short branch is given off to the kidney, and a little behind,
the main vessel passes over the anterior loop of the intestine, and at this
point gives off a large branch which immediately divides into right and
left branches.  The left is a short, narrow vessel supplying the intestine,
and the right on crossing the stomach gives off a short branch passing
downwards between the aesophagus and the cecum and supplying the

F1. 11.— Indoplanorbis exustus = Circulation in the region of the stomach. a,,
auricle ; cae., cecum ; 1, liver ; oe., wsophagus; p., pericardium ; p.e., pericardial
vein ; 7., rectum; sf., stomach; o, ventricle.

stomach. It is continued on as a long narrow vessel and crosses the
intestine to enter the liver, immediately dividing into smaller branches.
The main vessel after giving off the branch to the intestine curves round
underncath the anterior loop of the latter and procecds straight in front
below the genitalia. A small branch is given off to the ca:cum from the
bend of the main vessel. About the level of the albumen gland a large
branch arises from d¢he main vessel and soon breaks up into smaller
vessels distributing blood to the various parts of the genitalia. The
main vessel is continued Yelow the oviduet and close to the columellar
muscle below the asophagus finally crossing the pedal commissure.
Various small branches arise froia it in its course to the brain. It
gradually widens until it enlarges to form an elliptical sinus below the
buccal mass. From the front and lower rides of thissinus fine branches
reach the foot and the unterior part of the head. A small vessel from
the sinus supplies the peunig-sheath closely following the course of the
nerve,
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The veinous circulation is difficult to make out satisfactorily in
freshly killed examples, and even in well-preserved individuals the
thin-walled veins are usually damaged. The course of the veins can,
however, be traced by the presence of a whitish, coagulated, cheese-
like mass in them. So far as my chservation goes the vemous circula-
tion closely resembles that of Pulmobranchia lamellata.'

On the right margin of the kidney, commencing {rom the anterior
end, lies the renal efferent vein which is in close relation with the highly
vascular roof of the pulmonary chamber on its right. This vein at its
posterior extremnity opens into the auricle and at its junction with the
latter, a small short branch is given off to the pericardial membrane
on the right side. On the left margin of the kidney lies the renal
afferent vein, which breaks up into several minute capillary-like vessels
below the transverse folds of the kidney. The blood is distributed to
the renal efferent vein by means of a similar set of vessels on the right
margin of the kidney.

The renal afferent vein has itg origin in a cloged sinus in the mantle
at its junction with the neck of the animal. The right pallial vein,
running parallel to the mlge of the mantle a little behind it, and the
efferent pseudobranchial vein, which runs along th . ht border of the
pseudobranch and then below the base of the siphon, empty themselves
into the closed sinus. The rectal vein which runs close to the rectum
on its left is joined by the left pallial vein at the base of the pseudobranch
and enters the left border of the latter ag the pseudobranchial afferent
vein, which breaks up into smaller branches among the folds of the
pseudobranch. I have been unable to make out the course of the sub-
intestinal vein, which runs parallel to the rectum on its right. It prob-
ably joins the left pallial vein at some point above the pseudobranch
or breaks up into sinuses in the mantle.

It will thus be seen that the pseudobranch is an important organ of
regpiration. It receives veinous blood from the left side of the animal
and, after acrating it, sends it on to the large dorsal sinus, which receives
aerated blood from the mantle and the vascular roof of the pulmonary
chamber.

The renal system.—This organ consists of a posterior saccular and an
anterior tubular region. The former is a pear-shaped body lying
immediately above the albumen gland and separated from the latter
by a thin membrane. On its right a little in front lies the heart on a
slightly higher level, while on its left the hind extremity of the pulmonary
chamber. It has the liver on its posterior side. Its lumen is narrow
on account of the presence of a number of longitudinal folds, which are
yellow in colour in the freshly killed animmal. The tubular region of the
kidney commences from the neck of the saceulr part, and extends
obliquely forwards on the roof of the pulmonary chamber, as a broad
compressed tube up to the junction of the mantle with the neck. It
then curves sharply to the left as a short narro'v arm directed backwards,
and carries at its extremity the minute renal aperture. In some
preserved individuals the renal aperture is distinetly slit-like and
provided with a pair of tumidlips. In P. corneus the external opening
of the kidney is a circular aperture on a prominent papilla.

' Pelseneer, Arch. de Biol,, XIV, pl. xv, f;g. M5 pl. xvi, fig, 22.
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The floor and roof of the tubular part of the kidney are raised into
a number of short digitiform processes or vertical folds arranged in
more or less equidictant transverse rows. These folds are lined by
cubical cells which give them a moniliform appearance in sections.

The reno-pericardial opening is minute, and is found as a very short,
backwardly dirccted, tubular passage at the neck of the sacenlar portion
of the kidney on its right.

The Reproductive systeni.—The male and female ducts are separate,
each having a distinet opening to the outside. The position of these
openings has been described in connection with the external features.

FiG. 12, - Indoplanorbes erustus : Anterior part of the genitahia, £, foot; b,
head ; mt., retractor muscic of the tentacle 5 w p, retractor muscle of the penis ;
od., oviduct ; og., “ Organe de la glaire” ; pr., prostate ; ps., penis sac. ; sr., sperma
theca ; vd., vas deferens.

The various parts of the reproductive system are essentially the sime
as in 2% cornews? But dilferences of considerable taxonomic value
occur in the structure of the terminal portion of the male duct.

The hermaphiodite gland is an elongate triangular body lying coiled
at the apex of the spire, when viewed from the left.  The colour is a
bright orange or yellowish brown in the freshly killed individual.  The
apex of the gland is tight'y coiled and occupics the top of the spire,
while its basge is in close contact with the posterior extremity of the
liver. The gland consists of a number of small finger shaped processes

' A goo 1 description of the repro luctive system of P.cornens with an excellent
p}astéea;s given by Baudelot in Adun. Sci Nat., XIX, pp. 197203, pl. iv, figs. 2—5
( .
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opening into a median, narrow, hermaphrodite duct below, A few small
ovate cggs with a single, rounded nucleus in the centre are often found
in sections of the gland. Clusters of spermatozoa with long tails are often
found in the spaces between the ova. They ave more deeply stained
than the latter. The hermaphrodite duct, on leaving the gland, is
continued obliquely forwards below the liver, and at the level of the
stomach passes upwards to the albumen gland situated just in front of
the former. The proximal portion of the duct has very small diverti-
cula opening into it.

The hermaphrodite duct joins a short duct from the albumen gland.
A little in front of the junction of the two ducts the male and female
ducts can be distinguished. The albumen gland is a dark gray fan-
shaped body convex above and concave below. It has its posterior
bhorder broadly rour.ded while its anterior is deeply concave. The two
dncts arise from below this concavity and run close together parallel
to the wsophagus on its left. The ducts and the associated glands lie
on the right half of and below the pulmonary chamber separated from
the latter by a thin membrane. The male duct is narrow and lies
below the oviduet and in close contact with it. The female duet is
large and has thin walls. It passes below a large oval gland in front,
called the “Organce de la glaire ” “ the gelatinous secretion of which
appears to serve the purpose of preserving the ova from contact with
water,” It is broad and flattened, and has a striated appearance. There
is no definite duet by which the products of the ** Organce de la glaire ”
are led into the oviduct, apparently the gland opens into it by means of
numerous small pores.  The oviduet on emerging from below the gland
is slightly enlarged, but soon becomes narrowed into a short, eylindrical
tube into which opens a pear-shaped sac by means of a short duet. This
sac iy called variously the copulatory pouch, the seminal vesicle, or the
receptaculum geminis. Tt has thin walls, and is usually filled with an
orange-coloured fluid.  The duct of the seminal ®esicle varies in length.
In not a few individuals it is very short, but occasionally examples with
long ducts are also to be met with. Baudelot’s figure of the genitalia
of I’. corneis shows the ducet to be long, but he does not mention whether
any variation occurs in thig speeies.  The ovidaet in front of the junction
of the seminal vesicle with it is a short duet with fairly thick walls and
opens to the outside a little below the pulmonary siphon.

The male duct, as has been deseribed above, passes close helow the
oviduet and to the right margin of the “ Organe de la glaire,” and near
the anterior end of the latter receives the flattened, elliptical prostate
gland, which is closely pressed to the right anterior margin of that
organ, The male duct passes helow the prostrate, receiving its produets,
and is continued forwards as a very fine rounded tube. The prostate
gland consists of a large number of diverticula c¢'oscly bound together
and hardly distinguishable as snch. It has no definite duet, and prob-
ably like the * Organe de la glaire ” opens by means of minute pores
into the flattened male duct below.  The vas Jdeferens is long and coiled,
and on leaving the prostate runs nearly parallel to the oviduet, and pass-
ing close to the female opening proceeds in front to the integuinent near
the male opening. It then curves sharply backwards as a somewhat
wider tube.” It crosses the tentacular retractor muscle, and running
parallel to the penis-sheath lies coiled up behind the buccal mass, and
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finally joins the penis-sheath. A single retractor muscle ! arises from
the left half of the columellar muscle, and running between the coils of
the vas deferens joins the terminal povtion of the latter just before it
reaches the penis-sheath. It is usually smooth and shining but may
be dark gray owing to the presence of a small blood-vessel which is
frequently pulled off in cleaning the muscle.

Fia. 18.—Indoplanorbis erustus ; Male genitalia. The penis-sac and the vas
deferens are cut open. e op., external opening of penis-sac : er. op, p., cxternal
opening of penis ; p. penis: ps., penis-sac; .., retractor muscle of “the penis ;
¢ d., vas deferens,

The penis-gheath is a long, stout, eylindrical, muscular organ lying
cloge to the integument yposterior to the left tentacle. Tt is covered
over by a thin, black membrane, and is held in position by short, thin
muscles and shredded membranes above and below. The lumen of the
sheath is somewhat compressed, and has on cach side an eclongated
muscnular pad. Between these pads hangs the long tubular penis, which
is often broken or clsc¢ extremely contracted in 1reserved examples.
Though contracted into the upper part of the sheath it mnaintains a
cylindrical form. It has thin walls and is continous with the thin zig-
zag tube in the lumen of the vas deferens. It is often as long as the
sheath itself, and has at its {ree end a minute circular opening. The
outer wall of the penis is continuous with #he tube inside it at the
external opening. In preserved individuals the penis-sheath undergoes
great contraction and is consequently stout and bulbous with part of
the vas deferens everted into it ; or it may be completely protruded
inside out from the exterial opening with the penis at its extremity ;
or everted with the pads curled out on each side of the external o} ening
with even a part of the vas deferens protruded in the centre.

5
' Drs. Anvandale and Prashad evidently ovirlooked this muscle. In a later
gaper the former mentions t vo retractor muscles, but it is robable that the small
lood-versel and nerve xupplying the penis sheath. and reaching the same point oy
the vas deferens as the retrac.or muscle, were mistaken for a second muscle,

3
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In P cornens the penis-sheath ig short and stout, and the penis
appears to be developed as a stout invaginateel process from the walls of
the sheath and has an open groove-like duct opening on a glans-like apical
gtructnre. There are two well developed retractor muscles divided
terminally into two or three short branches. One of them is attached
to the sheath, while the other to the terminal part of the vas deferens,
a hranch of which goes to the penis-sheath,

It will be seen, thervefore, that the essential differences in the
genitalia between /. erustus and L. cornens lie in the form and structure
of the penis, and in the number and arvangement of the retractor
muscles.

Fia. W= Tndoplanorbis eenstus : Penis (Llighly magnified .

Buchner' recognises four types of penis in the Planorbidae. It is
evident that the type in /. ernstus is not identical with any of Buchner’s.
though closely allied to his third type. T agree, therefore, with Dr.
Annandale® in recognising a fifth type reyresented by the venis of
1. erustus.

The reproductive organs of the smaller Indian Planorbids (Gyraulus,
Segmentine and Inthe) have the same arrangement as in the larger forms
but differ in some respects, chiefly in the structure of the genital glands
and the penis. In these forms the hermaphrodite gland is usually
long, and consists of longer and more distipet digitiform processes than
in the larger Planorbids. The albumen gland has an irregular outline,
and is much less compact than that of I, erusins or P. corneus. It has
long diverticula, and is of a pale white colour. The prostate gland is
remarkably different. It is an elongated, flatten: d structure consisting
of a few, usually eighteen to twenty, long club-shaped processes arranged
in a linear row alongside the vas deferens, ;ach opening individually
into the latter. The penis-sheath is not covered by a jigmented

ner, ./ah/exheftp d. Vereins f. Vaterl. naturkuide in Wiirttemburg. XLVII,
PP- 68%9. pl. vi (1891).
The figures are r;)produ(,ed by Simroth in Bronn's Tier-Reich, 111, 3, p. 502, 1
am indebted to Dr. Prashad for drawing my attention to the first named reference.
* Annandnle, Rec, Ind, Mus., XXIV, p. 359 (1952
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membrane, but is more or less transparent. It is broad posteviorly
and gradually narrows anteriorly, where it hasa bulbous swelling, which
is continued ag a short cylindrical tube to the external opening. The
penis i8 long, and in Gyran/us bears at its free end a reddish brown
chitinous stylet. There is only a single retractor muscle attached to
the penis-sheath near the bulbous swelling. In Segmentina taia and
Intha capitis both the bulhous swelling and th2 penial stylet are absent.
The structure and arrangement of the rest of the genitaila are the same
as in Gyravlus,

The muscular systeni.—This consists of the columellar system
extending antero-posteriorly on the ventral surface of the animal, and
the muscles of the buccal region. The former is a broad sheet of muscle
consisting of thin and thick fibres, and gradually narrowing towards the
posterior end near the apex of the spire. Anteriorly the fibres are very
closely arranged. On the ventral side of the greater part of the body-
whorl the columellar muscle can be divided into a broad, median, almost
transparent region consisting of thin fibres, and a narrow whitish,
shining region on each side of the former consisting of thick fibros.
From the columellar muscle arise two pairs of muscles, namely, the
retractors of the foot, and of the buccal mass. The single retractor
muscle of the penis «akes its origin from the left side of the columellar
muscle. Kach retractor of the foot consists of thick fibres and comes
off from the lateral region of the columellar muscle. It is closely
adherent to the integument, somewhat narrow at its origin but gradually
widening towards the antero-lateral part of the foot, which it supplies.
A few fibr-s from the left retractor of the foot pass obliquely towards
the left, close to the base of th: pulmonary siphon and supply the
pseudobianch. .\ broad sheew of thin fibres extends from the retractor
of the foot on each side to the base of the tentacles. This is the tenta-
cular retractor muscle. T'wo long narrow strips of shining muscle have
their origin at about the middle of the columellar muscle one on ecach
side of the central transparent region, and proceed forwards parallel to
the visceral nerves. They pass through the circum-esophageal nerve-
ring close to its sides, and reach the ventro-lateral surface of the middle
of the buccal mass. 'Thse are the buccal retractors. The penial
retractor muscle is a slender muscle with minute fibres and has its origin
at the junetion of the median and lateral areas of the columellar musecle
on the left side. It preceeds forwards and upwards between the coils
of the vas deferens, and is attached to the terminal portion of the latter.

The bucecal mass is also supplied with intrinsic muscles, the chief
of which may be mentiored. Posteriorly, near the ventral surface of
the buccal mass a fan-shaped muscle takes its origin, and passes obliquely
forwards and upwards widening gradually in its course to the top of the
buccal mass, and jjns with its fellow of the opposite side in a broad,
transverse band of muscle fibres across the anterior half of the buccal
mass. Below this fan-shaped muscle is a broad band with fibres running
concentrically round the baceal masgs. It extends behind the fan-shaped
muscle, and is tucked in to form a groove in the median ventral surfaze,
A small band of muscle from the sides of the buccal mass a little behind
the buccal ganglion passes forwards to the anterior end. Besides these
larger muscles there are fine stands arisiag from above and below the
buceal mass, which are attached to the integument of the snout and
head above, and to the foot below,
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The nervous system.— A full account of the nervous system of /°,
cornens has been given by Lacaze Duthiers.! So far as I have been
able to ascertain, the nervous system of I. erustus agrees in every
particular with that of P. corneus. The cerebral, plenral, and pedal
ganglia form the circum-asophageal nerve-fing behind the buceal
mass near its ventral surface. The visceral ganglia are also found close
together and united with th: pleural ganglia. They present a granular
appearance, and are usually of a pink or yellowish brown colour in the
freshly killed individuals. The buecal ganglia are a pair of small,
roughly triangular bodies placed close to the sides of the wsophagus at
its commencement from the buceal mass, and conn cted by a short
nerve-commissure below the esophagus.  From ath of the buceal
ganglia arise five nerves.  ¥rom the outer angle in front is given off a
siall nerve to the salivary gland, and from the inner angle close to the
beginning of the buceal commissnre is given off a short fine nerve to
the posterior face of the buceal mass. From the outer angle below
arise three nerves of which two pass close to the sides of the buccal
mass, while the third proceeds backwards to join the anterior ventral
surface of the cerchral ganglion. The cerebral ganglia are somewhat
elongated triangular bodies united by a short commissure above the
wsophagus, the {two together forming a horse-shoe shaped structure.
They are broader near the middle and slightly taper towards the sides.
From these arise the nerves to the tentacles, eyes, otocysts, skin and
muscles of the head and snout.  The tentacular and optic nerves together
with those supplying the skin and museles of the head and snout are
given off from the lower outer angle of the cerebral ganglia. At the
base of the tentacle a few small branches  from the tentacular nerve
supply the selnicircular expansions on tlw outer side. The optic nerve
is fine and is united with the tentacular nérve for gome distance. The
eye is simple in structure, and has a central spherical lens surrounded
by a thick layer of black pigment. The nerve to the otocyst is very
short and minute and rvecognised only in balsam mounts. It starts
from the posterior face of the cerebral ganglion and proc(\eds parallel to
it until at its outer angle it sharply turns downwards to join the otocyst,
The otoeyst is a minute, whitish, spherieal mas< at the posterior outer
angle of cach pedal ganglion. Its cavity is filled with numerous elliptical
otoliths. From the outer extremity of the left cerehral ganglion arises
a long thin nerve which runs backwards to supply the penis-sheath.
The pleural ganglia are small squarish bodies placed ventral to the
cerebral ganglia. The pleuro-pedal and the cerebro-pedal commissures
may be scen in front of the pedal ganglia at their outer angle. There
are three visceral ganglia somewhat unequal in size and arranged in the
form of a U. They arc roughly four-sided bodies placed close together
dorsal to the pedal ganglia and behind the cerebral. From the left
visceral ganglion is given off a fairly stout nerve frgm which branches
arise supplying the pulmonary siphon, the pseudobranch, and the left
gide of the mantle. A little above the origin of this nerve a small
branch proceceds upwards in the mantle where it joins the neck of the
animal, And supplies the osphradium situated next to the right border
of the siphon. The osphradium, also known asithe organ of Spengel
or Lacaze Duthier's new organ of innervation, is a flask-shaped structure

! Lacaze Duthiers, dieh. Zool: Frp 1, pp. 476— 482 and 484--487, pl. xx ; also
pp- 100156, pl. iii, figs. ¥ - 10 (1872).
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of whitish colour opening hy means of a broad, funnel-shaped aperture
to the outside. The nerve supplying it enters the broad end of the
structure. From the middle visceral are given off three nerves, branches
of which supply the hoor and roof of the pallial cavity. A long nerve
passes over the ‘organe de la glaire’ supplying the genital organs and
the pericardium. From the right visceral are given off two nerves, a
small nerve to the msophagus and a stont one to the right side of the
mantle. The pedal ganglia are flattened quadrilateral bodies rounded
posteriorly, and give off three or four stout nerves with several branches
supplying the foot. A short commissure connects the left visceral
ganglion with the pallial nerve from the middle visceral.

In spite of the'greater development of the pseudobranch in I. existus
its nerve does not seem to be any better developed than in P. curneus.
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ON THE COMPARATIVE ANATOMY OF ORIENTAL
VIVIPARID A

By H. SRINIVASA RAO, M.A,,

Officiating Assistant Superintendent, Zoological Survey of Tndia.

The members of the family Viviparida: wcre, until ree.nt years
known chiefly by their shells, though a few observations on the soft
parts had also been made. There are at present no sufficient data on
which could be based a comparative study of the anatomy of the
various species described. In the last half century various fragmentary
accounts of the anatomy of 17iripara bengalensis (Lamarck) had been
published, but so far as I know there was no single Palacarctic or
Oriental species of Viviparid in which the anatomy in all its details
had been completely studied. This gap in our knowledge was first
filled in India by the publication in 1921 of a monograph on Vieipara
bengalensis by Dr. Annandale and Major Sewelll. Their observations
on certain structures in the mantle edge of this and other species and
genera of the family led Dr. Annandale to imports..o and far-reaching
conclusions in respect of the sculpture and ornamentation of the shell.

These authors stated in the summary of their account that the
anatomy of the Viviparidae, so far as it had been studied is strikingly
uniform in most respects. Their detailed observations were, however,
apart from 1. bengalensis, restricted to the structures of the mantle,
the brain, and the radula of various species. With a view to examine
their statement I undertook, at the suggestion of Dr. Annandale,
to make a comparative study of other system of organs. The material
placed at my disposal was all preserved, but I have had opportunities of
studying fresh and living specimens of the Burmese genus Zwio
and of 17, bengalensis. A few species from China and Japan were
available for comparison in preserved material. TPart of the Indian and
Chinese material was in a bad state of preservation. Disadvantageons
as are preserved specimens for a satisfactory study of the anatomy, I
have not hesitated to place together my notes, in the hope that a small
attempt in this direction may, at least, be an incentive to an extended
and more exhaustive study of the family.

For purposes of comparison structures in which there is appreciable
variation have been examined in all the species.

[ take this opportunity of expressing my great indebtedness to the
late Dr. Annandale for the help received in the preparation ot this
paper.

The comparative anatomy of the following five jenera of Viviparidie
was studied in greater or less detail :—
T ivipara Montfort.

Taie Annandale.
Dactylochlaimnys gen. nov.
Leeythoconcha Annandale.
Margarya Nevill,

.

t Annandale and Sewell, Rec, Ind. Mus,, XXII, pp 215—292, pls. i -iii (1921 ;.
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Vivipara Montfort.

1 have examincd three species of this genus,viz., Vivipare bengalensis
(Lamarek), Vivipare dissimilis (Muller) and Vivipare quadrate
(Benson). The two foruer are from India and the last from China.
The three species belong to different sections of the genus, namely, the
Viviparae bengalenses, the Vivipearae dissimiles, and the Viviparae
angulures. The alimentary organs, the kidn >y, and the central nervous
system are quite uniform and do not show any appreciable variation.
Specific differences are found only in the gill-lamella, in the central
nervous system', in the male genitalia® and in the number of embryos
present in the uterus. The differencesin the form of the gill-lamella in
the three species are hest appreciated by a reference to the figures.
In V. bengalensis the uterus is cramped with numerous fully-deve-
loped embryos, and eggs enclosing small embryos in various stages of
development., In 17, dissimilis there are only four to five embrvos
and about thirty small polygonal eggs in the uterus. The embryonic
shells have no bands on them, but bear three rows of chaetae with a
few prominent ridges. Some of the secondary ridges on the body whorl
also bear chactae. In V. quadrale the uterus contains two or three
relatively large embryos without bands on their shell, and about sixteen
oggs.  These differences in the three species seem to be constant.

The type genus Vieipara, therefore, has the following anatomical
characters :—

The margin of the mantle in the adult is moderately thick and
bears three short proeesses corregponding in position.with the three rows
of chaetae on the embryorice shell.  Thes» chaetae usunally disappear on
the adult shell. The adult shell may or may not bear coloured bands
and is usually without ridges or spines of any kind, but a few species
are highly sculptured. The head of the animal is small in relation to
its size.  The gill-lamella is usually broad and has a well-developed
blood vessel on its superior margin.  In the central nervous system the
cerebral ganglia are better developed than the yleural or the pedal, the
pleural ganglia being usually insignificant and placed near the cerebral.
The commissures and connectives are relatively short and thin. The
uterus usually coantiing a large number of embryos in various stages
of development.

Taia Annandale.

The following five species of the genus were examined :(—
Tuiew naticoid’s £. intermedic Annandale;
Taia shanrnsis (Kobelt).
Taia elitoralis Annandale.
Taia Inthe Annandale.
Taia crassice’lose Annandale and Rao.
All the five species are from the Shan plateau in Burma.”
The genus Twia is distinet from Vivipara rot only in the shell but
also in the soft parts. It differs from the latter in the head of the
animal being larger, in the relativeiy narrow marginals of the radula, in

t Annandale and Sewell, op cit . p 264,
3 Il ibi 1, pp. 232-233.
* Annandale. Ree. In{ Mus, XIV, pp, 123—147, pls, xv- xviii (1915).
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the lining of the stomach heing transversely folded and often chitiniz-
ed as two ridges at the junction of the wesophagus and the stomach, in
the relatively narrow and tapering gill-lamella, in the greater develop-

1y, 1. - Central nervous system of Viviparida.

A Vivipara benyalensis. . C. Tau. shanensis.
B. Tuaia naticoides £ intermedia. D. Tuwia intha.

¢r., cercbral ganglion ; er. pl., cerebro-pleural ¢ommissure ; pl., ri
anglion ; pd , pedal ganglion ; &/, supra intestival ierve 3 1., left, pleura
fI.. nerve from the right pleural ganglion ; III, ganglion from which the supra
intestinal nerve arises; IV., portion of pedal ganglion from which the pedal
commissure takes its origin; V. nerve from the posterior side of the pedal

ganglion.

%M pleural
%anglmn ;

ment of the ganglia and commissures of the lyain, and in t-h_e much fewer
full-grown embryos in the uterus.



[

5

Specific differences are found in the gill-lamella, the stomach and
the genitalia. Of these the most reliable are those of the gill-lamella.
Other structures such as the radula, the kidney, the heart, and the
brain are subject to considerable variability in the .individuals of a
species, Specific differences have been discussed by Dr. Annandale
and myself in a paper on the aquatic gastropods of the Inlé watershed
published immediately before this 1.

Dactylochlamys gen. nov.

This genus is here proposed for the Assamese and Burmese species
Paludina orytropis Benson. It may be defined thus :—

The shell is of large size, conical, thin but ornamented with }ro-
minent smoqth gpiral ridges which are concave on the internal surface.
The base is somewhat flattened. The umbilicus is broadly rimate with
a broad channel descending downwards from it.*

The radula and operculum are as in Vivipara. The mantle has
enlarged and highly vascular finger-shaped processes on the margin.

Type-species.—Paludine voxytropis Benson.

Dactylochlamys oxytropis® (Benson).

Specimens of t™is species in the collection are in such a bad state of
preservation that the alimentary organs, the kidney, and the genitalia

L.
Fic. 2.--Gill-lamelle from the middle region of the ctenidiumn of Viviparidee,
u. Dactylochlanys oxytropis. e. Taia elitoralis,
b. Taia crassicallosa. J. Vivipara bengalensis.
¢. Taia shanensis. g, Vicipara dissimilis,
d Taia nati.oides £. intermedia. h. Taia intha.

(i) Vivepara quadrata.

could not be made out.# Fresh specimens were, however, dissected by
Dr. Annandale who states that there is no material difference in the

! Annandale and Rao, Rec. Ind. Musz , XXVII, gg_ 119--125 (1925).

3 See Annandale, Rec. Ind. Mus., XXII, pp. 548--550, fig. 3-B. pl. iv, figs, 2—5.

* Paludina orytropoides Heude is probably a sgnonﬁm of this s;)ecies, at_any
rate, it may be no more than a Chinese race of 1t, See Heude Mem. Hist. Nut. Emyp.,
Chin., p. 176, pl. XL, figs. & 3-a. (Chang-Hai 1890.)

+ ge specimens were hardened in formalin, which, as experience has taught
us, should be avoided in the preservation of freshwater molluscs.

4
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gross internal anatomy of V. bengalensis and D. orytropis. 1 have been
able to examine the gill-lamellae, the central nervous system, and the
uterus of the present species. The gill-lamella approaches that of
V. dissimilis but is distinct in having a broad basal portion, and a long
finger-shaped apical half. The brain is very similar to that of the
species of 7w/« in the well-developed ganglia and the stout commissures,
In the uterus there are about ten relatively small full-grown embryos
and an equal or a slightly larger number of eggs with a tough external
covering of albuminous material. The embryonic shells bear three rows
of chaetae but no bands.!

In respect of the gill-lamella and the number of embryos in the
uterus the present species may be gaid to be digtinet from those of
Vivipara ov Taia.

-

Lecythoconcha Annandale.

This genus closely resembles Vivipare in some features, but has
distinctive characters in the mantle, in the gill-lamella, and in the brain
of the animal.

The free edge of the mantle is greatly thickened with a strong and
conspicuous sphincter muscle along it. The gill-lamella is relatively
long and has its superior margin thickened and ofter. thrown into folds.
The ganglia and commissures of the brain are strongly developed, much
more so than in species of the genera discussed above. There are
usually about thirty embryos in the uterus. .

I have examined the following three species of the genus, all from
outside Indian limits :—

Lecythoconcha lecythis (Benson)—(rice ficla phase) from China and
Japan,

Leeythoconeha chinensis . catayensis (Heude) from China.

Lecythoconcha selateri (Fraunfeld) from Japan.

These three species are clogely similar in respect of the soft parts but
differ in the form of the gill-lamella and in the number of embryos

Fid. 3.—-Gill-lamellee from the middle region of the ctenidiumn of Viviparide.
w. Leeythoconcha lecythis. ¢. Lecythoconcha chivenxis f. catayensis
b. Lecythoconcha lecythis (a re- d. Margaria melanoides.
Iatively narrow and less
folded type).

present. With regard to the latter feature L. lecythis and L. chinensis
f catayensis come very close. They have about thirty more or less

' Dr, Annandale has observed that males of this sg acies are considerably’ less
abundant than females in the Loktak Lake, Manipur valley.
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equal-sized embryos without bands on the shells. In L sclateri however,
there are only five full-grown embryos, which have three rows of
chaetae on the shell but no bands. FKggs with undeveloped or partially
developed embryos in the uterus are very few and the nterus is often
without them.

Margarya Nevill.

The collection containsg only one specimen of Margarya melanoides
Nevill in spirit, which is badly damaged and consequently no ohserva-
tions on the soft parts except the gill-lamella and the brain could be
made.'

The relationship of the genus to other genera of Viviparidae with
regard to the structure of the mantle-edge has been discussed by
Annandale in his and Sewell’s monograph on Vivipera bengalensis.

The head of the animal is small in proportion to its size. The gill-
lamella is more or less straight, vertical and narrow and tapers
gradually from the base towards the apex. The superior margin is
thickened but never thrown into folds ag in Lecythoconcha. Heude's
figure of the gill-lamella agrees more or less closely in outline with the
one figured here, nut the natural position of the lamella could not be
made out in the specimen examined by me.  The ganglia and commis-
sures of the brain are much larger and stouter than in species of
Lecythoconcha,  'The form and sculpture of the embryonie shell is quite
distinet from those of other genera of Viviparids. The number of
embryos found in the uterus is unknown.

Reviewing the family as a whole it is clear that while it stands
distinct from the closely allied freshwater families in its viviparity and
in the structure of the male organ, the genera are distinguished chiefly
by the sculpture of the shell, the variety in which is due to very slight
differences in the structure of the mantle edge.  The statement made by
Annandale and Sewell as to its anatomical homogeneity is fully
justified. There are, however, certain generic characters in the soft
parts, though shell-sculpture is the main generic character.

The specific differences are subtle and exist both in the gencral form
of the shell and in the soft parts.

The following synopsis gives the main generic differences in the soft
parts of the gencra examined :(—

a. Edge of mantle greatly thickened with a conspicuous

sphincter muscle along it Superior margin of gill-
lamella usually thrown into folds .- we  Leeythoconcha.

b. Edge of mantle not so thickened and without »
conspicuous sphincter. Superior margin of gill-
lamella neve. thrown into folds.
a'. Free part of gill-lamella very long with its superior :
margin conspicuously thickened ... v Margarya.
', Free part of gill-lz nella relatively short with
superior margin never so  conspicuously

thickened.
1. Margin of mantle with enlarged and highly
vascular finger shaped processes ... ... we Dactylochlamys.

' Hende op. cit., pl. xliii, figs. 1 and 2.
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2. Margin of mantle with only minute triangular
prominences.
1. Full grown embryos in the uterus never more
than four’ in number. Central nervous
system strongly devel(()lped. Lining of
stomach thrown into folds which are often
chitinised and with ridge-like chitinous
thickenings at the entrance to the stomach. Zaia.

2. Full grown embryos in the uterus as a rule
more_than four. Central nervous system
less develoged. Lining of stomach without
folds or chitinous thickenings o Vivipara.
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NOTE ON A COLLECTION OF FRESHWATER GASTROPODS
FROM THAZI

BY H. SRINIVASA RAO, M.A.,
Officiating Assistant Superinlendent, Zoological Swrvey of India.

Returning from a tour in the Southcern Shan States in April 1922
Dr. Sunder Lal Hora obtained a few freshwater gastropod molluses from
a stream near Thazi railway station while waiting for the train to
Rangoon. Insignificant as the collection was in point of number of
species and of individuals, it proved to be of some interest in clucidat-
ing some points in the systematic position of allied or closely allied
species previously recorded from Burina.

The collection contains four species belonging to two families, of
which one has proved to be new and another a new torm of a known
species from Burina.

MELANIID.E.

Paludomus dhuma sp. nov.

The shell is thick and of a uniformn dark colour somewhat like that
of smoke. It bas an ovatc-conical outline with the spire clongate and
sightly decollate. It consists of 4 to H
convex rapidly increasing whorls, the
last being about 2/3 as high as the shell.
The base of the spire in dorsal view
measured at right angles to the main
axis is approximately 2/3 of the
maximum diameter of the bhody-whorl.
The suture is moderately impressed and
almost horizontal. The aperture is

F1a. 1. - Type-specimen of regularly oval and slightly inclined to
Paludomus dhuma sp. wov. | the main axis of the shell. The colu-
mellar callus is fairly thick and smooth
and extends above to meect the outer lip thus forming a triangular
thickening immediately above theaperture. It extends below up to the
anterior extremity of the aperturc where it is slightly flattencd. The
outer lip is thin and sharp. In young shells three spiral bands of a
brown colour arc visible on the inner side of the aperture. The
sculpture is very charwcteristic and consists of fine but distinet vertical
strie which gradually become closer and more numerous on the last
whorl, and of indistinct bt nearly equidistant spiral strizz which are
superimposed on a ground-work of extremely fine parallel strise which
are wavy in their course. These bocome inconspicuous on the outer
regions of the body whorl where they are obscured by the vertical
striwe. In addition to the indistinict spiral striz, there are constantly
present three well marked strie, better scen in some than in others,
running close to the suture Lines of growth are often prominent.
In partly worn-out shells the scul)pture is somewhat more distinctly
vigible.




30

Measurements in millimeters.

. . Maximum Maximum Number of
Height of  Height of 3, 04} of  breadth of whorls i:;

shell. aperture. " po)). aperture.  the spire,
1 (Type 240 14:0 175 90 g
specimen.)
2 220 13-7 160 85 4
3 . 215 16°0 156 80 24
4 262 16-2 200 105

Moasurements of No. 4 refer to a large specimen taken by Captain
F. W. Walker in the Meiktila Take, Upper Burma.
Type-specimen.—No. M. 12485/2, Zcol. Surv. Ind. (Ind. Mus.).

Three shells were collected by Dr. Hora from the edge of a streamn
near Thazi railway station, Lower Burma. A number of shells
collected by Captain F. W. Walker of the Geological Survey of India,
at IHalin, Burma, in April 1922 belongs to the race peguensis of
P. andersoniana.  The deep colour of the shells and the incised spiral
lines serve to distinguish them from those of the new species at a
glance.  The shells from Kin-U in the Chindwin valley, Upper Burma,
which werce desceribed by Annandale as Temnolaic incisa' really
belong to Paltedon s, R

The species is closely allied to . andersoniana Nevill especially to
the race prgrensis, but differs in having a relatively short spire and
a characteristic sculpture and colour.

Acrostoma reevei {. olivacea, nov.

Shells of this form approach those of A. reevei var lanceolata N(.-vill
but differ in having less tnmid whorls in the less strongly impressed

Fiu. 3.—Operculum 'of same.

1 Annandale, Rec. Jnd. Mus., XIX, p. 115 (1920).
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sature, in the spiral sculpture consisting of fine parallel ridges (instead
of impressed striaz) which become more prominent on the last three
whorls, in having fine close-set vertical strie which often form minute
varices on the last whorl, in the aperture being a little more compressed,
its columellar sids being less arched, in the less strongly developed
columella, and in their dull olivaceous colour. The upper whorls are
often dark while the rest of the shell’is olivaceous.

In some shells the columellar fold is reflected outwards as a more or
less broad flap leaving a narrow channel running down the umbilicus.

The operculum is strongly chitinous, ovate-conical in outline, and
paucispiral. In the specimens examined the operculum was split up
along the lines of the paucispiral.

The radular teeth approach those of A. rariabilis but have distinet
features especially in the central which has three cusps on each side
of the median and in the marginal which has the broad rectangular
chitinous flap from the outer side of the middle region of the tooth.

The young shell is very similar to that of var. lenceolata but differs
in having a more prominent sculpture.

In two shells examined remains of the animal were detected and
carefully removed by treatment with caustic potagsh. They were then
washed in water and left in & mixture of
glveerine and 70 per cent alecohol. On dis-
section it was found that several embryos.
not exceeding 3 mm. in height and 2 mm.
in breadth were closely packed in what wasg
apparently a brood-chamber immediately
behind the head of the animal.  As the speci-
mens were very much cruinpled owing to
bad preservation the exact relationship of the
Fii. 4.—Embryonic shell of brood-chamber to the genitalia counld not

Acrostoma veevei £. olivacew.  he made out by dissection.  Our knowledge

of the anatomy of Indian Melaniids is very

meagre and so far as I am aware there is no record of viviparity in the

Indian species of the family, though in Kurope viviparous species
are known among the Meianiidee.'

In one of the two specimens dissected the edge of the mantle and a
portion of the rectum were in a good condition. The former bore
no processes and had a regular and sharp outline. In the latter were
found bundles of elongated rod-like frecal pellets consisting of fine mud.
The individual pellets were apparently hound together by some sticky
secretion from the rectum.

Th~ embryonic shells are somewhat transparent and have about four
complete whorls, the apical being broad and blunt. The whorls of the
spire appear to be telescoped and are separated by a fairly deep suture.
The spiral sculpture consisting of fine ridges is well developed especially
on the last whorl and in the middle region of the remaininz whorls.
The operculum is very thin and transparent and exactly fits the mouth
of the shell. It is slightly 'epressed in the middle.

Dr. Hora obtained a few specimens of this form from the Thazi
stream. The shells collected by Captain F. W. Walker in Meiktila Lake,

' Pelseneer in Lankester's Treatise on Zoology, Part V, p 131 (1906). The
only reference to an Indian species 1 have been able to trace is a description of
the animal of Melania by Ben<on in Gleanings in Seience, 11, p 20 (Calcutta 1830),
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Upper Burma, also belong to this form. The largest specimen in our
collection has the following measurements in millimeters ;

Height of Height of Maximum breadth Maximum breadth
shell. aperture, of shell. of aperture.
560 175 210 110

Fia. b, Radular teeth of Acrostoma reevei £, olivacea. ¢. central : 1, lateral ;
m mt. side and front views of marginal,

VIVIPARIDA.

Vivipara bengalensis rucc doliaris (Gould).

1921, Vivipara bengalensis vace doliarvis, Awmandale, Rec. Ind. Mus., XXIT,
p. 273, pl. i, fig .

Two shells of this race were obtained b Dr. Hora near the Thazi
stream. They are apparently young specimens of this race. The
biangulate ontline of the body whorl is not at all congpicuous. One of
the shells is partly worn out and somewhat thicker than the other.

Vivipara dissimilis var decussatula (Blanford).
1864, Daludina dissinilis subnav, decussatula Nevil, Hand List Moll. 11, p. 30.

Dr. Hora found two shells of this form on the banks of the Thazi
streamn. One of them is fairly fresh, while the other is more or less
worn out and slightly decollate. They agree closely with the Burmese
specimens of this form in the collection of the Indian Museum, but have,
their spire relatively short. This form apparently formsa link between
V. dissimilis and the smooth-shell~d species of Lissotaia, a new sub-
genus of the Burmese Tw/c« proposed recently by the late Dr. Annandale
and myself.'

' Annandale and Rao, Ree, Jud. Mux., XX VI1, p. 120 (1925),
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ASIATIC SUCCINEIDAE IN THE INDIAN MUSEUM

By H. SRINIVASA RAO, M.A.
Officiating Assistant Superintendent, Zoological Survey of India.

(Plate XXVIII.)

The distinguished French malacologist Morelet wrote as follows
of the Succineidae : ‘‘ Les animaux sont plus variés dans cette famille
que leurs coquilles, et peutre fourniraient-ils de meilleurs caractars sice
moyen d’appreciation ¢était 4 la portée des naturalistes. ”

With this statement my own observations are in full agreement and
in the following notes I have discussed in detail only those species in
which the radula as well as the shell is available for study, or those in
which the shell is very distinct. I have also included short notes on
other species in the collection of which the anatomy is not known.

In dealing with the Indian species in the collection I have had the
advantage of studying some amount of material from KEurope and
America accumulated in the collection by workers on Indian mala~ology.
But the European forms are unfortunately in a much worse state of con-
fusion than the Indian material as regards their mutual relationships.
Until recently the mere co:lection of shells and their naming without
reference to the soft parts or the habits of the animals have been the
recognized methods of studying this group, with the result that our
knowledge of these animals is as incomplete as ever before.

So faras I am aware zoological literature does not furnish a single
instance of a complete account of any one European species, at least as
regards those systems of organs which are most likely to be useful for
taxonomic purposes.

_ Deshayes!, in 1831, firsu gave a short account of the anatomy of
Succinea putris (Linn.) = Heliz putris Linn. In 1912 Rieger® described
the reproductive system of Siceinea more or less completely, giving a
brief review of anatomical work done, chiefly on the genitalia, since
Deshayes’s time. A systomatic study of the jaw and radula in addition
to the genitalia was never attempted except in the case of a few
species. Baudon® put the then known species of Succinea under three
groups according tc the texture of the jaw. He was followed by
Hazay* in 1880 who erected four groups with reference to the texture,
colour and shape of the jaw in various species. Westerlund® gave a
more complete account of these groups, il}yuding all the known species
and varieties under the four sub-genera Neristoma Klein, Amphibina
(Hartm.), Lrcena Oken, Dxryloma Westerl., all based on characters in
the jaw.

1 Deshayes, Ann. Sci. Nat., XXII, p. 345, pl. ix (1831).
s Rieper, Ann, Soc, Roy. Malac. Belgique, XLVII, p. 125, pls, iii-iv (1912),
3 Baudon, Journ. Conc. %iol.. XXV, p. 128, pls, vi—x (1877?.

4 Hazay, Malakozool. Blitt., 111, p. ,Rl?ls. 1ii—ix (1880).
8 Westerlund, Fauna Palcarktischen. Bi h., V, pp. 1—17 (1885).

b
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As regards the radula there are practically no European references
except one in Lehmann’s Die lebenden Schnecken und Muscheln (1873).
The American species of this family have, however, received better treat-
ment in this respect, chiefly at the hands of Bland and Binney?, whose
monograph on the Land and Fresh-water shells of North America is
well-known.

The Asiatie species, like the European. have been mostly established
on shell characters, but there is less confusion as regards their mutual
relationship owing to the fact that several of them bear distinctive
characters in the shell as well as in the soft parts.

Outside Indian limits, the anatomy of the Japanese Succinen horti-
cole Reinhardt has been described by Jacobi®. Before 1918 the only
Indian species of which anything was known about the soft parts were
Camptony.r: theobaldi and Lithotis rupicola, two rare species restricted to
Western India.

In fact the literature on Indian Succineida is very scanty, and it
geems that far less attention has been paid to this family than to the
aquatic groups of the Pulmonata. The late Dr. Annandale, who for
some vears before his death had been working on the Indian fresh-
water gastropods, laid stress on the indispensability of anatomy and
bionomics in taxonomic work. This fact was, however, never impressed
on the earlier malacologists who worked in India on fresh-water
molluses, although Stoliczka and latterly Blanford and Godwin-Austen
were convineed of the importance of anatomical characters in the land-
snails. We thus owe our present confusion ‘n this family to the all-too-
brief deseriptions of specics based on a single or a few old and
discoloured shells, to the inadequacy of accurate figures, and to the
almost total absence of observations on the anatomy and habits of the
animals.

Tn 1918 Annandale?, in his report on the Fauna of the Inlé Lake,
gave a short account of the habitsof Suceinea indiea Pfeiffer with figures
of the shell. jaw and radula. He was followed by Amin-ud-Din* who
published a more or less complete accoung o, the anatomy and habits of
four Indian species. From his account it seems clear that the jaw,
radula and genitalia afford important characters for the classification of
the species.

The present account is admittedly incomplete owing to the fact that
several of the species in our collection are represented by dry shells, with
the remains of the animal only in a few casvs. From these I have been
able to extract the jaw and the radula, which are here figured. There
are other speciesrecorded from Calcutta which I have been unable to
rediscover, perhaps owing to the fact that they are c1 yptic in their habits.
T have placed together as mtany facts as I could gather from previous
accounts, in addition to my own observations on the anatomy and habits
of the group.

' The works of these authors have been published jointly and individually in
the volumes of the Amer. Journ. Coich. and in Aun, Lyc. Nat, Hist,, New York.,

t Jacobi, Journ, Coll. Sci. Toryo, XII, p. 82, pl. vi, figs. 116—119,

* Annandale, Rec. Ind. Mus., X1V, p, 105, pl. x, figs. 10-11 ;%le.xi, figs. 5-6 (1918),

4 Amin-ud-din, Rec. Ind. Mus., XXII, p. 592, tvxi-figs, 20— (19288.
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The late Dr. Annandale gave me invaluable suggestions in the course
of this work. My thanks are due to Dr. B. Prashad for going through
the proof with me.

The Indian Succineidae comprise four distinct genera Swuccinea
Draparnaud, Indosuccinea gen. nov., Lithotis Blanford, and Camptony.c
Benson, each of which has distinguishing features in the shell and also
in the soft parts so far as they are known. The genus Camptocer as,
about the systematic position of which there has heen much confusxon,
was rightly referred to the family Planorbidae by Walker ; and
Annandale and Prashad?, after a careful examination of the jaw, radula
and penis-sheath of the Indian species, have confirmed Walker’s view,

The genus Camptonyr was established by Benson on the pecaliar
form and texture of the shell, but he was doubtful about its true relation-
ship, though he suggested it might eventually be referred to the Heli-
cidae or the Ancylidae, or might prove to be the type of a new family.
None of his surmises proved correct. Woodward®, who examined the
animal in more detail, did not express a definite view about its affinities.
Gray?, curiously enough, thought that the genus was closely allied to
the genus Ofina fromn a similarity of habits and external features, and
even suggested the -inclusion of the two genera under the family
Otinidae. But the habits of the two genera, cven according to his
description and reasoning, are not so similar as he seems to make out.

From the description of its habitat by Theobald, who first
discovered the type-species, and from a careful comparison of its jaw
and radula with those of the species of the other genecra, it is clear that
Camptonyxr belongsto the Succineidae. The other three genera also
are undoubtedly to be included in this family.

The members of this family may be recognized by the following
characters :

Shell.—Impertorate, usually oval, rarely cap-like, relatively thin
and translucent, never smooth, but rarely with prominent sculpture ;
spire much shorter than the last whorl, never sharply conical, whorls
rapidly increasing ; anertme oval or oblong, with a thin columellar
fold not reflexed beyond the columellar margin of the aperture.

Alimentary system.—The jaw is chitinous, and consists of an
anterior cutting piece, which may be variable in shape and texture, and
a broad accessory plate behind it, also variable in form and texture.
The radula is very variable both in size and form of the teeth, and in the
number of teeth in each transverse row. The central is usually a conical
tooth with or without lateral denticles. The laterals have, as a rule, only
two cusps, while the marginals may have two to seven. The alimentary
canal is fairly long -sith the stomach and greater part of the intestine
in the visceral hump. A short oesophagus leads to a spacious crop
which communicates with the stomach. A pair of compact salivary
glands with short ducts is present. A pair of caeca opens at the
junction of the stomach and the intestine. The intestine lies coiled

! Walker, Occ. Papers Mus. Zool, Univ, Michiga~, No, 64, pp. 1--6, pl. i (1919).
* Annandale and Prashad, Journ, Asiat. Soc. Bengal, N.S,, IEV p 8.)&192“)
3 Woodward (in Benson), Ann. May. Nat. Hist., 3rd Ser., I, p. 338 (1858).

* Gray, Ann, Mag, Nat, His:., 3rd Ser., I, p. 406 (1858)



36

over the stomach. The rectum is short and leads to the slit-like anus
on the right side of the pulmonary chamber.

Respiratory system.—The pulmonary chamb r occupies the anterior
portion of the body-whorl and communicates with the outside by a
minute rounded aperture anterior to the anal slit, and has a thin
membranous roof.

Kidney.—This organ is a rectangular, usually yellowish body
forming the posterior boundary of the pulmonary chamber.

Genitalic.—These consist of a compact hermaphrodite gland occu-
pying the apex of the spire, a convoluted duct into the distal half of
which open two to three seminal vesicles, and whicn divides into male
and female ducts below the level of the albumen gland. The sperma-
theca, the prostate, the uterus and the penis are variable in form and
gize. The penis has a single retractor muscle. The male and female
openings may be separate or united, but are always close together on
the right side of the base of the head.

The following key will help the identification of the Indian genera
from shells only :—

A. Amphibious Succineidae with shell of very variable
size, shape and texture ; columellar fold thin, with
a distinct smooth ridge ... o Suceinea.

B. Terrestrial Succineidae unsually with a thin shell ;
columellar fold without a smooth ridge.

1. Shell with a transverse furrow on the inner surface
of the upper part of the body whorl.

a. Shell thin, cap-like, with the whorls of the

spire looselg coiled ; columellar fold very thin ;

aperture oblong or rounded, at any rate in

theadult ... .. ... .. .. .. Camptonyr.
b. Shell somcwhat thick, ovate; spire short and

depressed with the tumid whorls tightly

coiled, suture  impressed ; columellar ~fold

relatively broad ; aperture ovate ... Lithotis.

2, Shell without a transverse furrow, very thin an
fragile, elongate-ovate ; spire short with.ut im-
pressed suture ; cellumellar fold thin cnd

minute ... e e e Indosuccinea.

TERRESTRIAL SUCCINEIDAE.

Camptonyx Benson.

The affinities of this genus to the other genera in the family have
been briefly discussed above. The form and texture of the shell are
very distinct. This genus is represented in the collection by the
type-species Cumptony.c theobaldi Benson.

Camptonyx theobaldi Benson.

1858. Camptonya theobaldi, Benson, Aun, Mag. Nat. Hist., Ser.3, I, p. 336, pl. xii.
1872. C%m stony. theobaldi, Hanley and Theobald, Conck. Ind, p 35, pl. 81,
gs. 5, 6.

This species is represented in the collection by three shells from the
Girnar Hills, Kathiawar. Nevill records thirteen shells from the same



37
locality ; all but three apparently having been lost or given away. One
of the shells has a tough strip of epiphragm attached to part of
the margin.

Measwremnents in millimeters.

Height of Height of Breadth of
shell. aperture. aperture,
55 50 46

1 have extracted the jaw and radula from one of the three shells, but
they do not quite agree with Woodward’s figures. In my preparation
of the jaw the anterior’ margin of the cutting piece bears no median
process, and the cutting picce is a triangular structure with its apex
directed backwards, and the apices of the very short arms rounded.
There is a shallow median depression on the anterior margin., The sides
of the basal plate are depressed. These structures are apparently
subject to great variability.

In the radula the teeth are very small and do not exceed 65 in
number in each transverse row. The basal plate of individual teeth is
always higher than the cusps. The central is without lateral projections
but has two depressions on the sides just below the cusp. The laterals
have two cusps, the ectocone gradually increasing in size from within
outwards. The marginals have 3 to 7 cusps of which the entocone is
the largest. The approximate radular formula is 16°14'1°14'16. Though
Woodward has figured the same number of teeth in one half of a trans-
verse row as I have done, there is no essential agreement between the
two figures. In his figurse the central is much sharper and is without
lateral depressions, and the laterals have only one cusp while the
marginals have two. These striking differences in the jaw and radula
seem to be sufficient to regard the shells in our collection as represent-
ing a new form of C. theobaldi, but for want of sufficient material to
study the extent of wvariation I refrain from regarding these shells ag
distinet.

Lithotis Blanford.

This genus is represented in the collection by the type-species
L. rupicola Blanford, and by L. tumida Blf. It is very distinct from
Succinea in shell charasters and is distinguished Ly the short depressed
spire with the whorls not closely coiled, by the characteristic coarse
sculpture, the broadly oval aperture, the well-defined relatively thick
columellar fold continuous with the outer margin of the aperture above,
and by the presence of an internal furrow commencing from about the
middle of the outer margin and running transversely across the apper
part of the last two whorls.

The jaw and rauula have no characteristic features and agree with
those found in the genus Succinea.

Nothing is known abort the genitalia or other organs.

— e e o c—— e - — e et v i e e

' As very little is known about the anatomy of these animals it is difficult t
say anything about the formation or function of the furrow, though Bla.nforg
observes that it may be a siphonal furrow. Such a furrow is not uncommon in
terrestrial gastropods, as for instance in the genus Cataulus (Cyclophoridae), but is
never extended up to the spire as in Lithotis, ’
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Lithotis rupicola Blanford.'

1863. Succinea (Lithotis) rupicola, Blanford, Ann. Mag. Nat. Hist., Ser. 3,
XTI, p. 186, pl. iv, figs. 8--10.
1874, Liiho!i‘u rupicola, Binney, Proc. Acad. Nat. Sci. Philadelphia, pl. v,

figs, 3—0.
1914. Lit’fotis rupicola, Gude, Fauna Brit. Ind. Moll. Gastro., p. 458.

The shells collected by Blanford himself at Khandalla in Bombay
Presidency and recorded by Nevill are in the collection. There is a
certain amount of variability in the depth of the internal furrow. Young
shells have a much deeper furrow than adult ones. The shell of this
species approaches in some respects that of Camptonyx theobaldi, at any
rate much more than L. fumida® does.

Measurements in millimeters.,

Height of Height of Groeatest breadth Greatest breadth
shell. aperture, of shell, of aperture.
7H 68 b2 50

The jaw of this species differs from that of L. tumida in the greater
prominence of the median projection on the cutting margin. Binney'’s
figure of the jaw of this species is incomplete, the accessory basal plate
being omitted.

The radula of L. rupicola appears to be intermediate in features
between that of L. tumida and C. theobaldi. The t¢eth are relatively
narrow and are shortar than the basal accessory plate, and the marginals
have an elongatrd cusp with two small denticulations on the outer
gide. The radula in this respect differs from that of L. twmnida.

\

Lithotis tumida Blanford.

1876. Lithotis tumida, Hanley and Theobald, op. cit., p. 35, pl. 81, figs. 8, 9.
1878. Succinea (Lithotis) tumida, Nevill, Hand List ‘%H.. I, p. 214.
1914, Lithotis tumida, Gude, op. cit., p. 459.

Shells collected by Blanford from the type-locality are still in the
collection. They are all faded to a yellowirh brown colour and have
24 to 3 whorls. Though the shells approach in general form those of
Succinen (especially a species like 8. bensoni Pfr.) they can easily be
separated from the latter by the characters mentioned under the genus.

Measurements in millimeters.

Height of Height of Greatest breadth  Greatest breadth
shell. aperture. of sheil. of aperture.
80 5% 55 43

I have been able to extract the jaw and radula fro a the dried animal
in one of the shells. The jaw is roughly asquare with the cutting piece
broad. The arms of the latter are almost horizontal and obtusely rounded

— et e e e e e oy

1 T have since been able to study the anatomy of this species more completely
from a large number of well-preserved specimens collected by Dr. 8. L. Ifora at
Khandalla.” (Vide Rao, Rec. Ind. Mus. XXV1I, pp. 387--394, 1425.)

¥ Preston’s Lithotis japonica from Lake Biwa is not a Lithotis, nor does it belon
to the Succineidae. Annandale and Prashad (Journ. As. Soc, Bengal, N 8. XIVE
p- 460, fig. 2, pl. xii, figs. 4, b) have accepted it as the type of their genus Omia of
the family Limnaeidae. Co
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at the apices. The anterior margin is raised into a median and two
lateral convexities. The basal accessory plate narrows from behind
forwards and has its posterior margin nearly straight.

There are about 40 radular teeth in each transverse row, the laterals
and marginals being hardly distinguishable from one another. With
the exception of 2 or 3 of the last marginals the teeth have uniformly
two cusps. The right side of the radula exhibits some abnormalities
while the left is normal. The cusys of the teeth are elongated, sharp
and conical. The central has a median broad conical cusp with lateral
projections. The approximate radular formula is 20°1°20.

Indosuccinea, gen. nov.

The type-species of the genus was hitherto considered to be a Swecinea.
Amin-ud-din in dealing with the Manipur Succineas (op. crt. p. 593)
placed this in a biological group distinect from that of the amphibious
species, and also pointed out the differences in the anatomy of the
members of the two groups. On a re-examination of the same material
I find that the shell and the soft parts are sufficiently distinct, and that
the erection of a distinct genus is necessary for the reception of this
species.

The shell is relatively large, thin and fragile, and has a coarge sculp-
ture with oblique striae. The spire is very short when compared to the
body-whorl, tumid, and consists of 1} to 2 whorls, the apical being minute.
The suture is not impressed. The aperture is large, oval, pointed above
and slightly inflexed near the lower end of the columellar fold. The
columnellar fold is thin and minute. The colour of the shell varies from
amber to pale-yvellow. The jaw is very strongly chitinised, broader
than long, with the apical portion of the arms curved in the form of a
beak. The centre of the anterior margin is as a rule straight, but may
also be raised into minute prominences. The basal accessory plate has
nearly straight sides and a concavity in the middle of its posterior
margin,

The radular teeth are much more numerous than in Sweeinea and the
central has a conical meaicn and two accessory lateral cusps.

The roof of the pulmonary chamber is highly vascular and has well-
defined branching blood-vessels.

The genitalia are remarkably different from those of any known
species of Suceinea. There are two stout, oval seminal vesicles with a
distinct fecundation pouch. The prostate has a spiral torsion, and the
vas deferens is short, openimg into the more or less bulbous penis which
has no retractor muscle. The duets of the spermatheca, vagina and the
penis have separate external openings, but they all open to the outside
in a common slit-like aperture on the right anterior side of the body
just below the tentacle. .

Thus the very fragile nature of the shell, its characteristic shape,
the highly vascular lung, ‘he strongly chitiniced jaw with beak-like
extremities to the arms, the large number of marginals in the radula,
and in the genitalia the spiral torsion of the prostate, the very short vas
deferens with a small bulbous penis devoid of a retractor muscle, the
spermathecal duct having a separate external opening instead of being
connected with the vagina, and above all the terrestrial habit are the
distinctive characters of the proposed new genus.
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Type-species.— Indosuccinea semiserica (Gould).

Distribution of the genus.—The type-species occurs only in Bengal
and Burma, but there seem to be some closel7 allied forms, which
probably extend the range of the genus into Indo-China and the Malay
Peninsula.

Indosuccinea semiserica (Gould).
1876. Succinea semiserica, Hanley and Theobald, op. cit., p. 29, pl. 67, figs.

, 3.

1878. Succinea baconi, Nevill, op. cit., p. 214.
1914, Succinea semiserica, Gude, op. cit., p. 452.

1921. Succinea gemiserica, Amin-ud-din. Rec. Ind. Mus., XXII, pp. 592600,
figs. 21 (3a and 3b), 26 and 27.

Our collection contains shells from the west and south of Burma,
from the Mergui Is. and from Serampore, Calcutta and Chittagong in
Bengal. There is also a good collection of preserved material from
Rangoon taken by Dr. H. H. Marshall. The shells from Mergui are
relatively small and thick and have the upjer part of the body-whorl
more tumid. The series from Burma are by far the largest in size.
They are fragile and vary in colour from amber to pale-yellow or white
according to the condition of their preservation.

Measurements in millimeters,

Height of Height of Greatest breadth Greatest breadth
shell, aperture. of shell, of aperture.
180 15:0 v2 88

T refer to this species a single broken shell from Calecutta labelled
Succinea bacont Pfr. It does not agree with Hanley and Theobald’s
figure of §. baconi. 1t, however, closely resembles onc of the two shells
from Chittagong which has a very short spire and a tumid body-whorl.

Succinea cochin-chinensis Pfr. which is found in our collection is
probably no more than a form of I. seiniserica.’ 1t has a shorter spire
and a relatively broad aperture, but in other respects it is very similar
to the latter species. The anatomy is unknown. 1. semiserica, which
is widely distributed in Burma, extends its range probably into Siam on
the east and the Malay Peninsula on the south.

Anatomy.—The jaw is, as a rule, strongly chitinised, especially the
cutting piece. The extremities of its arms are somewhat thick, dark,
heak-like, and project backwards and inwards. The cutting piece is
about as broad as the basal accessory plate and has its free margin deeply
concave, while the middle portion of this margin at the bottom of the
concavity is subject to some variability. It is usually a straight edge
with very minute denticulations, but may also bc raised into a median
and two lateral prominences. The free margin when extremely worn
out appears indented. It is often normal. The basal accessory plate
has almost parallel sides while its posterior margin is concave in the
middle.

In the preparation of the jaw in the members of this family it is
customary to use caustic potash for extracting it. While caustic potash

1 Morelet, Series Conchyliol. p. 243, pl. xii, fig. 4 (1875).
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certainly clears the muscle fibres attached to the jaw, it also seems to
have some action on the delicate portions of chitin so that jaws prepared
in this way do not retain their exact outline. Asthe form of the jaw
is so important for specific differentiation, material should not be boiled
too long in the caustic potash. Where the jaw is delicate the head of
the animal may be allowed to soak in cold caustic potash for 12 to 24
hours, and then cleaned in water. The outline of the jaw is thus
properly preserved. In fairly large forms as in I. semiserica the jaw
may be cleared of its muscle fibres by soaking it in water and cleaned
by means of a lancet and a needle.

The radula is a relatively broad ribbon with approximately 80 to 90
marginals, which is nearly twice the number found in any species of the
genus Succinea.

Amin-ud-din’s figure of the radular teeth does not appear to be quite
accurate. I have examined his own preparations of the radula, and
some of mine. His figures do not agree with either of them. The
central and laterals of this species are very characteristic and differ from
those of the species of Succinen. The central hasa broad heart-shaped
median tooth and a small lateral tooth on each side. In one preparation
the central was very much reduced. Thisis apparently an abnormality
which is not uncommon in whole longitudinal rows of certain radulae.
The same phenomenon is probably widespread in other groups of the
Pulmonata. In the Limnaeidae and Planorbidac, for instance, such
abnormalities are common.

The laterals are less than ten in number and have their entocones
usually broad and roughlv dagger-shaped. The first few laterals bave
often two cusps while the remaining have 3 or 4 cusps, but the former
may also have three cusps. The change from laterals to marginals in a
transverse row is gradual, but the first few marginals can often be easily
marked out by their sharp and narrow entocones. The marginals are
aculeate in form and vary from 80 to 90 in number. There are, as a rule,
four cusps, the entocone being the largest. The two middle cusps are
sub-equal and smaller than the fourth.

The pulmonary chaiaher is large and has its dorsal wall thin and
translucent.  Patches of dark pigment may or may not be present on
the external surface of the dorsal wall. The diStinction drawn by
Amin-ud-din between this species and those of the amphibious group in
the translucence of the lung of one and the opaqueness in the others
does not seem to be quite sound, for black pigment is present on the
dorsal surface of the lung in species of both groups and is liable to dis-
appear in equal degree in both. The more important distinction between
Indosuccinea and Succinea would, however, be the very highly vascular
nature of the lung in the former where thick branching vessels may be
seen, and the min.teness of the vessels in the latter.

The kidney is relatively narrow and extends along the whole length
of the posterior side of the lung. Calcareous concretions are present in
the substance of the kiduey in much smaller quantities than in some
gpecies of Succinea. Individuals of this species were taken between
July and September, 7.c., during the rainy season in Burma. In certain
species of Succinea taken during the cold weather in other parts of India
these calcareous concretions have been found in great abundance. The
free deposition of the particles is probably a result of low temperature
of the atmosphere.

6
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The genitalia have already been dealt with in the definition of the
genus, but one more point remains to be stated. There are two stout
ovate seminal vesicles (sometimes unequal in size) which open into two
somewhat dilated tubes with which the hermaphrodite duct joins just
before they enter the prostate. There is also a third narrow, com-
pressed, thick-walled tube shorter than the seminal vesicles which also
joins the ducts of the latter. This tube, presumably, corresponds to the
fecundation pouch, which, in Succinea putris, is an enlarged sac below
the seminal vesicles. There is no mention of this structure in Amin-
ud-din’s account of this species. It is also to be found more distinctly
in another species to be described hereafter.

Indosuccinea semiserica f. sthulasiras', nov.

This is a very delicate and small form of I. semiserica. The anatomy
is exactly similar to that of the latter, but the shell has some distinct
features. It seems advisable to regard it as a closely allied form. The
shell is very thin and pliable and is of a dull amber colour and slightly
shining. Its general outline is similar to that of I. semiserica but its
spire and body-whorl are relatively tumid. The apex of the spire is
very minute. The sculpture consists of conspicuous striae rather un-
evenly spaced. The most distinguishing feature of this form is the slight
thickening of the ghell in the spire and the apper part of the body-whorl.
In life, the thickened portion is covered by a black deposit which when
cleaned leaves a well-defined whitish, rough area.

Measurements in milli,aeters.

Height of Height of Greatest breadth Greatest breadth
shell. aperture. of shell. of aperture.
85 70 59 40

Type-specimen.—No, M ]2';-70 Zool. Surv. Ind. (Ind. Mus.).

Several living individuals were taken by me on the leaves of a hedge-
plant (Lawsonia alba ?) in Ballygunge, Calcatta, in July 1923,

Professor Meggitt of the Rangoon University has since found several
living specimens of this form in the vicinity of Rangoon. The
thickened portion of his shells is less extensive and the black deposit less
conspicuous.

Indosuccinea plicata (3lanford).

1876. Succinea plicata, Hanley and Theobald, op. cit., p. 29, pl. 67, fig. 8.
1878. Succinea semiserica, Nevill, op. cit., p. 212,
1914, Succinea plicata, Gude, op. cit., p. 448,

The shell of this species resembles that of I. semiserica in many
respects, but differs from it in having a larges spire, in being relatively
narrow, in having a characteristic coarse sculpture, and in being less
fragile. Two shells from Arakan are typical and show the plications
which distinguish this species from I. semiserica. The colour is variable.
Shells from Bassein are pale yellow, while those from Tongoop in

! Derived from two Sanskrit words Sthula (=thirk), and Siras (==head).
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Arakan are corneous. Some of these have a white deposit of calcarcous
matter on the inside of the shell.

-
Measwurements in millimeters.

Height of Height of Greatest breadth Greatest breadth
shell. aperture. of shell. of aperture.
19 165 11-0 90

The anatomy of the species is not known. From its great resem-
blance to the shell of 1. semiserica it may be presumed that the anatomy
is similar. The inclusion of this species in the genus Indosuccinea is,
therefore, only provisional.

The species has been hitherto recorded only from Lower Burma, and
has apparently a local distribution in that province like the closely allied
1, semaserica.

AMPHIBIOUS SUCCINEIDAE.

Succinea Draparnaud.

This genus includes a large number of species of amphibious habitat,
with shell of very variable size, shape and texture. The columellar fold
is thin and has & distinct smooth ridge on its free margin. The radular
teeth vary in number in different species and may be aculeate or
quadrate in form. It is interesting in this connection to note that the
species of Succinea seem to fall into two natural groups according asthe
marginals in the radulae are aculeate or quadrate in form. Those of
which I have examined the radulae may be grouped as follows :—

Grour L Intermediate, Group II.
(Species with aculeate marginals.) (Species with quadrate marginals).
* 8. pfeifferi var. recta Baudon, 8. bensoni Pfeiffer.

* S. putris var. propinqua Baudon. 8. subgranosa Pfeiffer.
» 8. debilis Pfeiffer. 8. girnarica Theobald. 8. rutilans Blanford.
8. yarkandensis Nevill. 8. gravelyi, sp. nov.
8. elegantior Annandale. } 8. stoliczkae, sp, nov.
8. indica Pleiffer. 8. godivariana f. vangiya, nov.
8. martensiana Nevill 8. crassinuclea £, vitrea Pfeiffer.

The marginals of S. girnarica are somewhat peculiar in that they
are intermediate between the aculeate and quadrate forms of teeth.

The shell form in these two groups also seems to be distinet. In
Group I the shell is generally of an elongately ovate form with a short
spire and a relatively large body-whorl, whereas in Group II itis of a
hroadly ovate form with tumid whorls, and of relatively small size. 8.
girnarica has, however, an exceptionally large shell.

The members of this ¥enus differ from I. semiserica in the structure
and arrangement of the different parts of the genitalia. The prostate is
without spiral torsion and is followed by a long vas deferens which

® These species form part of the Europear material in_our collection, but as
their systematic position scems to be in doubt, I have included them here ouly for
purposes of comparison.
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terminates on an elongated penis. The latter is provided with a
retractor muscle. The duct of the spermatheca opens into the vagina.
The male and female ducts are united for a short Jdistance before opening
to the outside.

The following Asiatic species in the collection are included under
this genus :—

1. 8. indica Pteiffer. 13. + 8. ceylanica Pfr,
2. + 8. indica f. subfossilis, nov. 14. + 8. daucina Pfr,
3. 8. elegantior Annandale. 15. t 8. daucina £. hraswasikhara, nov.
4. t 8. collina Hanley and Theobald. 16, t+ S. snigdha, sp. nov,
5. + 8. tornadri, sp. nov, 17. 8. stoliczkue, sp. 10v.
6. 8. girnarica Theobald. 18. S. graveyli, sp. nov.
7. 18. crassinuclea Pfr, 19. + 8. gravelyi f. deccanensis, nov.
8. 8. crassinuclea f. vitrea Pfr. 20. S. gravelyi f. andamanensiz, nov.,
9. 8. martensiane Nevill, 21. 8. rutilans Blanford.
10. 8. hanleyi Gude, 22. 8, godivariana Gude,
11. S. subgranosa Pfr, 23. 8. godivariana t. vangiya, nov.,
12. 8. bensoni Pfr. 24. + 8. limnaeiformis, sp. nov,

+ Those of which the anatomy is unknown are marked thus,

Succinea indica Pfeiffer.

1914. Succinea indica, Gude, op, cit., p. 447,

1918, Succinea indica, Annandale, Rec. Ind. Mus., XIV, p 105, pl. x, figs 10,
11, pl. xi, figs. 5, 6.

1921, Succinea indica, Amin-ud-din, op. cit., p. 601, fig. 28, p. 895, fig. 21 (4).

Of all the Asiatic species dealt with in this paper the present species
geems to closely resemble the European 8. Pfeifferi Rossm. and S. putris
linn. and their various forms, many of which have, without any
justification, been raised to specific rank by Kuropean authors ozﬂy to
add to the existing confusion. It seems to me probable that S. pfeifferi
and various other closely allied species and varieties in published works
are no more than forms of §. putris Linn. The latter species is itself
subject to great variability. A reference to the serics of figures of this
species by Forbes and Hanley' will make this poin* clear.

Pfeiffer,” in his description of 8. indica, observed that it is a form
similar to S. pfeifferd, but held that it might be distinguished from the
latter by the nature of the sculpture and the aperture. I have exainined
shells of both species in the collection, and also seen published figures
of the same. The differences between the two species, if any, are very
elusive especially owing to the great variabiiity in size, form, texture
and colour of the shells, I have extracted the jaw and radula of S.
rfeifferi® from Candahar and Luchon (probably in Europe), and
compared the drawings of these structures with thns. of . ¢ndica from
more than one locality. The general type of structure of the jaw and
radula is the same in the two species. These structures are also subject
to some variability the extent of which is dificult to determine without
adequate material.

]

i Forbes and Hauley, Brit. Moll., IV. pl. cxxxi, figs. 1—5,

s Pfeiffer, Monographia Helici Vivent, III, p. 9 (1853).

s Lehmann, Die Lebenden Schnecken und Muscheln, pp. 49—57, pl. ix, fig. 13.
Cassell (1873). .
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- Most of the Européan species have been established on shell charac-
ters only, and so far as I could gather there is little or no account of the
anatomy of these species. It is therefore difficult to understand their
mutual relationships. Though the Indian Museum collection possesses
shells of various species from Europe and America, they are not here
dealt with owing to the difficulty of instituting correct comparisons
with the Indian species which are better known in respect of their shells
as well as of the soft parts.

Speaking of the external characters alone it seems clear thatS. 7ndica
is closely related to a species like S. putris, allied forms of which are
probably widely distributed in Europe and Asia.

The Indian Museum collection contains shells from Bhim Tal,
Kashmir, Peshawar, Gurdaspur, and the Southern Shan States. This
includes shells from Bhim Tal and Srinagar recorded by Nevill (op. cit.,
p. 212). A few specimens in spirit from Peshawar and the Manipur
valley collected by Dr. Annandale, and a few collected by Dr. Baini
Prashad in Kashmir are also present.

When the collection is examined as a whole it is possible to dis-
tinguish two forms, the long-spired and the short-spired, but the two
forms occur together in all the localities. The colour of the shell varies
from a reddish amber or pink to pale yellow.

Shells from the type-locality are smaller than the type and are them-
selves variable in form. The spire is longer in some shells than in others.
The aperture is subpyramidal while its base is evenly rounded in short-
spired forms and slightly angulate on the collumellar side in long-spired
ones. The latter agree with the figures of S. 7ndica in Conch. Ind. The
colour of the shells is pale yellow.

The specimens from Kashmir, Peshawar and the Punjab are more
or less alike but not without the usual variability common to most
fresh-water species of Pulmonates. For a proper appreciation of the
variability in the shell of the present species it scems best to describe
individuals from different localities separately. Shells labelled
¢ Kashmir’ in our. collection apparently come from Srinagar from where
Nevill has recorded 30 speciinens. They are of a pale horn colour while
those from the Dal Lake in Kashmir are reddish amber. The latter also
differ from the former in being relatively narrow, in the greater height
of the spire, in the convexity of the penultimate and body-whorls and
in the deeper and more inclined suture. The shells from Kashmir as a
whole are thinner than those from Bhim Tal in the Kumaon District.

Two specimens from a settling tank in the waterworks at Peshawar
have a thick shell and are pale pink in colour. They agree in form
with the Dal lake specimens. Shells from Pancha Tirla tank in
Peshawar, though small in size, have an elongated spire and a more
tumid body-whorl. ‘r'he sculpture is less coarse than in Kashmir speci-
mens, and the colour varies from amber to pale yellow. The Punjab
specimens have a shorter spire, but otherwise agree with the Kashmir
individuals.

Shells from Srinagar agree both in size and form with the figure
of this species recorded by Jickeli from Alexandria in Egypt.! The

! Nova Acta. K. Leop.. Curol. Akad., XXXVII, No. 1, p. 167, pl. vi, fig. 11 (1874).
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species being so variable I have no doubt that the Egyptiun example is
at best a form of S. indica in spite of the differences mentioned by
Jickeli between the Indian and Egyptian examples.
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F1a. 1.—Radular teeth of fuccinedae,

A. Succinea indica Pfeiffer from Gurdaspur, Punjab.

B. Succinea indica Pfeiffer from Srinagar, Kashm'r,

C. Succinea indica Pfeiffer from Peshawar (incomplete),

D. Succimea indica Pfeiffer from Dal Lake, Kashmir.

E. Succinea yarkandensis Nevill from Yarkand.

F. Succinea elegantior Annandale from Manipur, Assam.

G. Succinea debilis Pfeiffer from Mount Hermon, Palestine.

The Burmese shells which are relatively thick and much narrower
than any of the Indian ezamples apparently constitute a distinct race
for which I propose the name shwnensis. Among these again short
and long-spired forms occur. Our collestion possesses a single shell
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taken by Dr. Annandale at Thali-u on the Inl¢ Lake and two dead shells
obtained by Dr. Hora in a field at He-ho. The former has a long spire
which is well marked out from the body-whorl, with the suture oblique
and moderately impressed, and has a dirty yellow colour. The latter
are short-spired with the suture well-impressed, and whitish in colour.

Measurements in nullimeters.

: ; Greatest| Greatest)|
Height | Height Number
Lgcality. o§ o br?tdth bre:.;lth of | Remarks.
shell. laperture shell whorls.

aperture.|

wo | 100 | &5 55 | 2 | Long-
spired,
125 10:0 85 55 2} Short-

Bhim Tal Kumaon) . [
spired.
[ 145 115 73 58 2%

Srinagar
Dal Lake

'

Kashmir ...
135 102 65 55 2

130 | 97 | 64 50 }
122 | 85 | 62 | 45

Peshawar (N, W.F. Pr.). 2Q2io
Gurdaspur (Punjab) 130 111 72 58 2}
Inlé-Lake (8. Shan States)| 11°1 82 58 50 1N

+23 to

He-ho (S. Shan States) ... | 105 78 50 39 1) 2%
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The jaw and the radula, like the shell, are also subject to great
variability, and the accompanying figures will indicate the degree of
variability better than a mere description.

In the jaw the arms of the cutting-piece usually enclose a deep con-
cavity and gradually broaden from lLehind forwards, the apex being
rounded on one side. The median projection is prominent and may
sometimes have accescory lateral protuberances, which probably appear
as a result of wearing out of the cutting edge, or of accident. The basal
accesgsory plate also varies greatly in shape, but is nearly always twice
as broad as the distance between the anterior and posterior margins of
the eutting-piece.

In the radula the central varies in size and form of the lateral denti-
culation. Specimens from £ashmir have prominent lateral denticula-
tions on the central which are obsolete or sub-obsolete in those from
Peshawar and the Punjab. The laterals are more or less uniform, while
the marginals again skow some variation.

The extent of variability in the shell, the jaw and the radula of this
species seems to indicate that it is easily affected by environmental
factors, such as the composition of water and the nature of the food
available. But there are, presumably, other little-known factors which
act on the species and bring about such frequent changes.

In the alimentary canal the stomach is large and spacious and lies
at right angles to the crcp. On the dorsal wall of the stomach at its
junction with the intestine opens the large duct of the liver receiving
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several short branches, while ventrally opens a pair of caeca. One of
them is larger than the other and has oblique -striations which are due,
in fact, to the external appearance of the internal longitudinal folds.
The smaller sac is stout, arched, and without striations. This is
apparently an accessory caecuin.

The kidney is broader than that of I. semiserica and has well de-
veloped longitudinal folds. The quantity of calcareous concretions in
the substance of the kidney seems to depend upon the temperature of
the atmosphere. For instance individuals taken in the month of January
at Peshawar have practically no calcareous concretions in the kidney,
while those collected in July at Kashmir have such large numbers of

concretions that they more or less obliterate the internal folds of the
kidney.

The genitalia agree somewhat with those of S. elegantior. The
prostate is slightly more elongate than in the latter species. There is a
pair of seminal vesicles opening into a fecundation pouch which some-
times carries two to three minute digitiform processes on one side. The
hermaphrodite duct opens at the lower end of the pouch a little below
the digitiform processes. The shape and size of the spermatheca, and the
length of its duct are variable. The penis is elongate, broader distally,
and carries at its apex a conspicuous finger-shaped appendix variable
in size, at the base of which opens the greatly coiled lower end of the vas
deferens. The penis, the appendix, and the terminal portion of the

vas deferens are enclosed in a tough thin sheath which can be easily
removed.

Succinea ix;diéa f. subfossilis, nov.

This form is closely allied to S. indica and has been found only in the
Southern Shan States. The shell is small, elongate, and much narrower
than that of 8. ‘ndica. The spire is high and about } the total height
of the shell, and has two whorls, the apical being minute and papillate.
The suture is oblique and well-impressed. The shell is relatively thick,
coarsely sculptured, often having a plicate appearance. The aperture is
narrowly elongate-ovate and has the colurreilar fold very thin, smooth
and shining with a short minute polished ridge at its lower cxtremlty
The colour is a pale brown or pink.

1

- Measurements in millimeters.

i Helght Height Greatest | Greatest
Locality. o breadth of|breadth of
shell. | aperture.| shell. |aperture.
Bottom of pool above He-ho gorge ... 120 90 58 48
Sand-like deposit. on bank of He-ho 88 63 42 34
gorge.

Type-specimen.—No. M 12:72 Zool. Surv. Ind. (Ind. Mus.).

Comparing the dimensions of these shells with those of the living
shells from the same djstrict one finds that the sub-fossil shells are much
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narrower. The present formn differs from the true 8. 7ndica 1n its
thicker shell, in colour, in the characteristic coarse sculpture and in its
e¢xtreme narrowness.

B (a8 dd.
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116. 2.—Radular teeth of Succineidae.

A. Succinea preiferi Possmiissler from Candahar (inmelete).
B. Succinea putris var. propinqua Baudon from Burgos, Spain.
C. Succinew ,y'eé[;"zzri var. recta Baudon from Luchon, Furope.
D. Indosuccinea semiserica (Gould) from Rangoon.

K. Succinea martensiana Nevill from ** Bazrahat.”

F. Succinea girnarica 1 heobald from Girnar Hills, Kathiawar.

Two shells were obtaineé by Drs. Annandale and Gravely in March,
1917, from the hottom o1 a pool above He-ho gorge, and three more in

7
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March, 1922, from a loose sand-like deposit on the banks of the same
pool by Dr. Sunder Lal Hora and mysclf. The former are pale brown
1 cotour and appear to be water-worn, while the latter are pink and
have the sculpture well-defined.

Succinea collina Hanley and Theobald.

1876. Succinea collina, Hanley and Theobald. op. cit., p. 30, pl. Ixviii, figs 8. 9.
1878. Succinea collina, Nevill, op. cit., p 212,
1914, Succinea collina, Gude, op. cit., p. 449,

&

This species is represented in the Indian Musewmn by cight shells
from Mahabaleshwar in Bombay and onc from Toraa Hills in Poona.
This is one of the distinct Indian species readily recognized by its form,
texture and colour. There are, however, some slight variations in the
shell. The shell is of a greenish horny colour, and is covered by a thin
membranous outermost layer which has a tendency to come off the
underlying calcareous layer. It has a characteristic lustrous pearly
layer on the inner surface of the shell.

A small shell in the series agrees more or less with the small tumid
form figured by Hanley and Theobald. This is, presumably, a young
shell. The single shell from Torna Hills. though slightly more tumid
than the foregoing and lacking the colour and lustre of the typical shell,
has the characteristic form of this species. The largest shcll in the
collection has the following dimensions in millimeters :—

Height ot Height of Greatest breadth Greatest breadth
shell. aperture. of shell. of aperture,
185 155 115 95

Gude's reference to “ var. anrantiaca v. rufo-cornea” ig not clear to
me. He regards the varicty aurantiaca as very distinet in appearance
from the type in point of colour. which by itself is an unreliable
character for differentiation of even a variety.

Succinea tornadri,’ sr. nov.

The shell of this species is oblong-ovate, broadly conical at apex,
moderately thick with close-set fine oblique striae. The spire is broad
with a well-impressed oblique suture and has a papillate apex. There
are three whorls in the spire, the last bLeing broadest above. The
aperturce is somewhat broadly ovate with its upex more or less rounded,
while the columellar margin, which is usually inflexed below the callus,
has its fold very thin and broad with an elongated smooth and promi-
nent ridge. The outer margin of the aperture is oblique and nearly
straight. The colour of the shell is yellowish cornecous.

Type specimen.—No. M 1—2-.3—"0 in the Zool. Surv. Ind. (Ind. Mus.).

Measurements in mill.meters.

ITeight of Height of . Greatest breadth  Greatest breadih
shell. aperture. of shell, of aperture.
152 11I'R 95 il

! The word 4dri in Sanskrit mea1s a hill,
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Three shells of this species were obtained by Blanford from the
Torna Hills in Poona with those of 8. collina. Nevill did not record
these specimens in his Hand List. They were regarded as a variety of
N, eollina by Blanford but never described as such. I find a label
bearing his name with the shells.

The present species, though allied to §. colline, differs from it in
having a more tumid body-whorl, in the outer margin ol the aperture
being straight and oblique, in having two complete whorls in the spire,
in the less coarse sculpture, in the greater prominence of the lower
extremity of the columellar ridge, in colour, and in the abgence of
pearly lustre on the inuner surface of the shell.

Succinea girnarica Theobald.

1873. Succinea girnarica, Sowerby in Reeve, Conch lcon , pl. i, fig, Du, 5b.
1914, Swuccinea girnarica, Gude, op. cit., p. 401,

Shells of this species collected by Theobald from the Girnar Hills in
Kathiawar and recorded by Nevill are still in the collection. One of
the shells has its aperture closed by an epiphragm, and from another
small shell in which the animal was dried and attacked by fungus I have
been fortunate enough to extract the jaw and the radula.

The larger shells have a superficial resemblance to thoge of
S. collina, but differ from it in colour, texture and sculpture, and in the
less tumid penultimate whorl. The smaller shells, of which there are
only three, resemble those of S. ;utilans, but are easily distinguishable
from the latter by the colour and texture of the shell.

Measwrements in millimeters.

- e —

' Height. ’ Hei (ireatest ! Greatest
f

ht ‘
of | breadth of | breadth of
|

_ (o]
shell. !aperture.  shell, I aperture,
Largestshell .. .. .| 240 | 190 | 145 15
Small shell LT s l 68 55 9

The jaw is very distinct and differs from that of all other Indian
species. It is longer than broad and the cutting piece is about % as
broad as the accessory basal plate. The apices of the arms are broadly
rounded and the concavity between them is relatively shallow and
broadly truncated at the buttom. The accessory plate narrows gradually
from before backwards and has its posterior margin more or less straight
and transverse.

The radular ribb. n is relatively broad and consists of moderately
large teeth, the approximate radular formula being 44'14'1'14°44, The
cusps of the teeth are shorter than the basal plate which is very much
narrowed in the last few marginals as in 8. indica. The central is
broad and has a conical cusp with obsolete or sub-obsolete lateral teeth.
The laterals have only two cusps of which the entocone is much larger.
The marginals are very characteristic of this species, and appear to be
intermediate between those of the aculeate and quadrate forms. They
have two long incurved cusps with one, or rarely, two smaller and
narrower cusps between them.
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Succinea elegantior Annandale.

1921, Succinea elegantior, Amin-ud-din, Rec. Ind, Mus, XXII, pp. H493--508,
text figs, 20, 21:1), 22, 23, 24,

Shells of this species are apt to be confused with those of I'ndo-
succinea semiserica, for in general outline they seem to agree. The
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Fi16. 3.—Radular teeth of Succineidee.

A. Camptony.r theobaldi Benson from Girnar Hills, Kathiawar.
B. Lithotis tumidu Blanford from Sinﬂhur, Voona,

C. Succivea erassinuclea f. ritrea Pfeiffer from Port Canning, Bengal,
D. Swuccinea bensoni Pfeiffer from Bombay,
E. Succinea subgranosa Pfeiffer from Kumaon,

fine golden hue of the present species, its relatively narrow, less tumid
spire, with an oblique suture distinguish it from the latter. The soft
parts, however, closely resemble those of the otaer amphibious species.
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The radular teeth, though relatively large, conform to the type in .
indica, but are stouter and stronger. The marginals are, however,
distinct in that the secondary cusps are stout, short and rounded.

The jaw approaches that of S. indica in general form but Qiffers
from the latter in that the arms of the cutting picce are more or less
horizontal and uniformly broad, and the median projeetion is much
less prominent. The jaw is probably just as variable in form as in S.
indica.

In the description of the alimentary system in the work cited no
mention is made of the presence or absence of caeca at the junetion
of the stomach ai.d the intestine. There is unfortunately no well pre-
served material in the collection to clucidate this point. They are
presumably presemnt as in the allied \S. indica.

In figure 22 («) of the work cited there is a very short pouch close
to the base of one of the seminal vesicles which seems to correspond to
the narrow compressed, elongated accessory sac described in 1. semi-
serien. All the three sacs open into the fecundation pouch from which
start the uterus and the vas deferens.

The species has hitherto been recorded only from the lakes and
gwamps of the Manipur valley.

Succinea crassinuclea Pfciffer.
1876.  Succinea erassiusenle, Hanley and Theobald, op. eit., p. 30, pl. Ixviii,

1878. Succinea L:ruxxiuxcnlu. Nevill, op. cit., p. 212.
1923.  Swuecinea erassinuelea, Annandaie and Rao. Ree. Ind. Mus., XXV, p. 345,

Shells of this species recorded by Nevill in his Hand List are, with
the exception of two from Kuteh, still in the collection. There are algo
four large shells from Samole in Malwa, and a single shell from Simla,
both collected by Taylor.

Measwreinents in millimeters.

.

Height I Height | Greatest | Greatest

Loeality, o of  :breadth of|breadth of
shell. l aperture. ; shell. | aperture.
—_ ———— e ——— e - — ! I i
Malwa .. . . .| 136 105 76 68
Calcutta .. . 131 91 75 ! 60
Simla 11-0 78 70 6°0
Salt Range . 103 72 6h 53
Karachi ... . LR H3 b 40

—— - - N U ———— - - -

The species is variablérboth in colour and form of the shell and is.
indistinguishable from 5. v/treq Pfr.  Kxamining specimens of the same
size and growth of the two species together one finds it difficult to
separate them. When they are, however, separately examined it is
possible to find a few points of difference, but I am unable to agree
with Gude (op. c¢it., p. 4533) that the points of difference are sufficient
to justify the retention-of 8. vitrea as a distinet species,
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The shells vary in colour from pale yellow or cream to piuk, and also
in the height of the spire and the tumidity of the body-whorl.

The dried remains of the animal seem to have heen carefully removed
from the shells, and no idea can be formed of the nature of the jaw and
the radula.

The occurrence of the species from the Salt Range and Karachi in the
extreme west, Simla in the north and Calcutta in the east seems to be an
indication of its probable wide distribution in Northern India.

Succinea crassinuclea {. vitrea Pfciffer.

1876. Succinea vitrea, Hanley and Theobald, op. cit., p. 29, pl. Ixviii, figs. 2, 2.
1914. Swccinea vitrea, Gude, op. cit., p. 464,

Individnals of this form, though closely resembling those of S.
crrassinuclea Pfr., can be distinguished by certain features in the shell.
But they are, however, not sufficiently marked to raise the members of
the present form to the rank of a distinet species.

This form has a more tumid and less oblique body-whorl than in
S. crassinuclea, and a shorter spire which has, asa rule, only two whorls
of which the apical is much legs prominent than in the species. The shells
from Calcutta are intermediate in character and have 23 whorls in the
spire.

The Indian Museum collection contains specimens from Calcutta,
Port Canning and Dacca in Bengal, Patna in Bihar, and Roorkee in the
United Provinces. All except those from Bihar have been recorded by
Nevill. The form has also been recorded from Bombay, the Andaman
Islands, and the Laccadives. It is probably, more widely distributed
than we know.

Measwrements in millimeters,

——— e - -- - el e—— - —

|
. Height. : Height Greatest | Greatest
Loeality. 0 N} breadth of|breadth of
shell. | aperturc. shell. | aperture.
Port Canning (Bengal) o l 90 71 60 48
Patna e 1 78 57 50 43
Roorkee a8 80 68 b1
Caleuntta | 1o | 78 T2 48
i !

The jaw and the radula have been extracted from the dried animal
in one of the shells. They are distinct from those of other species, and a
glance at the figures will enable one to appreciate che differences in the
form of these structures in different species of the genus. The cutting
piece of the jaw in the present form has its arms considerably short while
its apices have a rounded posterior margin with definite angulation at
the junction of the anterior and posterior marging, The striation on the
cutting piece and the basal accessory plate is not conspicuons. The
anterior margin of the former is depressed slightly and bears no promi-
nences or tubercles. The basal accessory plate is sub-quadrate and
narrows from behind forwards, and its posterior margin is also slightly
noncave in the middle.
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The radula is ribbon-shaped with the number of teeth in each trans-
verse row remarkably few. Individual teeth are relatively large in size
and their cusps exceed, as a rule, the height of the basal plate. The
central has a large median acuminate cusp with a prominent tooth on
cach side. The laterals vary in number to a limited extent but are never
less than ten. The tceth are narrow and conical. The marginals are
fewer in number than the laterals. The approximate radular formula
is 4'14'1'44'4. Therc may be 12 to 15 laterals and 3 to 6 marginals on
each side of the central.
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Fi16. 4.—Radular teeth of Succincidue.

A, Succinea stoliczkae, sp. nov, from * Karnag.

B. Succinea gravelyi, #p. nov. from Adyar, N adrds

C. Suceinea rutlans Blanford from Manipur

D. Succinea yodivariana f. rangiya, nov. from Port Canning.

The radular teeth approach in some respects those of a form of S.
godivariane Gude from Port Canning to be described further on, but
diffcr from them in the absence of the small tooth at the inner base of
the entocone of the outer laterals and of the marginals.

Until the anatomy of . ¢rassiniclen is known it is difficult to deter-
mine the exact relationship of the present form to the species mentioned.
So far as the she’ is concerned there is no doubt as to their close
relationship.

Succir.ea martensiana Nevill.
1878. Succinea martensiana, Nevill, Sci. Results Sec. Yarkand Erpdn. Moll.,
p. 5, figs. 30-31.

[ include this species in the prwent not2 with somne hesitation. Our
collect.lon contains several dry shells of this species bearing the label
*“ Bazrahat, March 1394.” ‘'Chey agree exactly with the figures of the
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species in the work cited. The precise geographical position of the loca-
lity noted in the label is, however, not clear. 1 have failed to find itin
the Atlases and in the volumes of the Imperial Gazettcer. The species
was discovered by Stoliczka at Sasak Taka and Pasrobat in Yarkand and
first described by Nevill in his report on the Yarkand molluscs.
In his Hand List published in the same vear as the Yarkand Report
Nevill recorded shells from Yarkand and *“ Bazrahat” both collccted by
Stoliczka. It scems to me that shells from the latter locality were
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Fui. h—dJaws of Succine,dae.
a. Succinea pfeifferi var. recin Baudon from Luchon, Europe.
b. Succinea indica Pfeiffer from Peshawar.
¢. Succinea indica Pfeiffer from Dal Lake, Kashmi=,
d. Suceinea pteifferi Rossmissler from Candahar.
e. Succinea putris var. propinqua Baudon from Burgos, Spain.
1. Succinea yarkandensis Nevill from Yarkand.

collected after the publication of the Yarkand Report and before that
of the Hand List. For if * Bazrahat” was in Yarkand, Nevill would
not have failed to record shells from this locality in his Report. I
believe that * Bazrahat " is a mispelling of Basirhat in the 24-Parganas
in Bengal, especially when I find that, * Sasuk Taka” is spelt
“ Sasstekke ” in the Hand List. :
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Measurements in millimeters.

Height of Height of Greatest breadth ~ Greatest breadth
shell, aperture. of shell, of aperture.
135 90 h 60
120 80 64 46
110 75 64 45
12:8 82 . 73 55

I was fortunate enough to find a single shell in the collection with a
tiny bit of the dri>d animal which proved to be the anterior half con-
taining the jaw and the radula. These structures were carc fully removed
by treatment with caustic potash.

Like the shell, the jaw and the radula are very characteristic of this
species, and a comparison of the figures with those of the same structures
of other species will show the distinctive features.

The jaw is fairly strongly chitinised, and is about as broad as long.
The cutting piece is much better chitinised than the hasal accessory
plate and bears on its anterior margin three broad rounded proninences,
one at the bottom of the concavity and two on the sides midway
between the apex and the median prominence. The apex of the arms is
bluntly conical. The posterior margin of the cutting piece is slightly
depressed in the middle. The accessory plate has more or less parallel
sides, while its posterior margin has a median concavity.

The radula is a broad ribbon congisting of fairly large teeth, which
are stout and conical. The central has a stout cusp with an insignificant
shelf-like projection near its base but has no definite lateral cusps.  The
laterals are more or less uniform in shapz and have only two cusps.
The ectocone is much smaller than the entocone in the first few laterals
but show a progressive growth until the last lateral is reached, where the
ectocone is many times larger than the entocone. The marginals are
aculeate and half as numerous as the laterals.  They have three cusps
of which the entocone is the largest and the remaining small and equal
in size. The approximate radular formula is 10 19 1 19°10.

Shells from * Bazrahat >’ are smaller and thinner than the type-series
and do not have the characteristic yellowish brown colour on the inner
surface of the shell. They have some resemblance to those of . ¢irna-
rica and the larger shells of 8. erassinuclea in general form, but the
peculiar irregularly malleated appearance and coarse sculpture, and the
elongate scalariform spire v-ith convex whorls, distinguish them from
the shells of cither species.

Succinea hanleyi Gude.
1914, Succinea hanleyi, Gude, op. cit., p. 455, fig. 141.

I refcer to this species, with some doubt, a single broken shell from
Pegu in Burma: Itissmallerthan thetyypeand is of a pale colour. The
whorls of the sy ire are more convex. The a] erture and sculyture of the
shell are similar to those of the type. The elongate columellar tubercle
is very feebly developed. The author of the work cited considers that
Hanley and Theobald’s ligure of 8. subyranosa Hanley and Theobald is

8
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referable to his species. The aperture of the shell figured by the latter
is very different from that of the former. The species is apparently
variable.

Succinea subgranosa I’feiffer.

1873, Succinea subgranosza, Sowerby in Reeve, op. cils, pl. iv, fig, 24,
1878, Succinea oblonga, Nevill, op. eit., p. 211,

There has been some confusion in distinguiching the members of thig
species from those of 8. oblonga Draparnaud and S, bensoni Pfe. The
gpecimens of the present species in our collection have been in obscurity
until by careful examination they were separated froin the species with
which they were confused.

Shells from Kutch and Bombay collected by Stoliczka and Fairbank
respectively were recorded by Nevill ag belonging to 8. sudgranosa, but
that they ave really S. bensons is shown in the account of that speciey
below. Three shells from Kashmir labelled * 8. oblonga  and recorded
as such by Nevill are, in fact, S. sudgirwnosa. The latter species has,
no doubt, some external features in common with the former, but is
distinet anatomically. I have extracted the jaw and radula of a speci-
men from Kumaon, The jaw of 8. subgiranosa is very different from that
of 8. oblonya'. T am not aware of any published figures of the radula
or the genitalin of S. ollunga, but I presume that like the jaw they also
are different.

I refer three shells from Ceylon to this species. They were found
in a box containing shells of S. ceylanica Plr. with which they do not,
however, agree. They closely resemble shetls of S, subgranosa from
Kashmir and Kumaon.

Measurements in millimeters,

I Height i Height (}rcatesté Greatest
Locality. of of breadth of'breadth of
] shell.  aperture.| shell | aperture
J— - S L A
¢ 7l 47 5 30
Kashmir {g
73 38 36 30
Kumaon . N ) 32 30 26
Ceylon 61 36 38 30

The jaw is relatively less strongly chitinised and is broader than long.
The cutting piece is uniformly striated, and thc «ms are gradually
narrowed towards the apex and together form the arc of a circle. Its
free margin is unindented. The basal accessory plate is slightly broader
behind than in front and has a shallow depruession on each side of the
posterior margin. )

The radula consists of rclatively large teeth, and the cusps are all
long, sharp and conical. The central has a spear-shaped median cusp

YHzay, Ml ckozol. Blitt, TLI, vl. vi, fig. 19,
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The entocones of the laterals and

and is without lateral projections.
The marginals have a

marginals exceed the height of the basal plate.
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Fia. 6.—Jaws of Ruccineidae.

a, Succinea martensiana Nevill from Sasstekke, Yarkand.

b. Suceinea girnarica 'Theobald from Girnar Hills, Kathiawar.,
¢. Indosuceinea semiserica (Gould) from Rangoon.

d. Lithotés tumida Blanford from Siaghur, Poona.

e. Camptonyx theobaldi Benson from Girnar Hills, Kathiawar,

J. Suecinea subgranose Pfeiffer from Kumaon.

small tooth on the inuer hase of the entocone. The approximate
radular formula is 16°9°1°9°16,

2
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Succinea bensoni Pfciffer.

1876, Succinea bensoni, Hanley and Theobald. op. cit., pl. 67, fig. 9.
1878, Suceinea subyranosa, Nevill, op. cit., p. 212,
1914, Succinea bensoni, Gude, op. cit., p. 406,

This species is represented in our collection by six shells from
Bombay collected by Fairbank (from one of which the jaw and radula
were extracted) and by a single she'l taken by Stoliczka at Kuteh.'
Nevill does not record this species in his Hand lList but has wrongly
included the shells with those of S, subgranose, Though the shell of
N. bensoni has some superficial resemblance to a few short-spired forms
of 8. subgranosa the two species differ in important features. The
latter has, as a rule, a thicker shell and a much longer spive, and in the
soft parts has the jaw and radula very different from those of
S. bensoni,

The type-series of S, bensons from Moradabad arve still in the collee-
tion and are not recorded by Nevill. Our specimens agree with them
closely,

A single shell of S, bensond was found mixed up with the shells of
Lithotis tuniide from Poona. As has been pointed out under the
account of the latter specics, the two species may be confused at first
sight, but the real differences ave given under the genus Litholis.  The
columellar fold of this specimen from Poona is much better developed
than in individuals from Kutch and Bombay.

The largest shell in the eollection has the following measurements
in millimeters :—

.

Height of Height of  Greatest breadth  Greatest breadth
shell. aperture. of shell. of aperture.
62 18 40 33

The jaw is relatively less strongly chitinised and is longer than
broad. The arms of the enfting picce ave short with the apices narrow
and pointed.. The anterior margin is very hightly depressed and may
or may not have a median prominence. The posterior side of the
cutting piece is rarely emarginate. The basal accessory plate has
parallel sides and a depression on cach side of its posterior margin.

The vadular teeth are relatively few in nwunber, the marginals being
fewer than the laterals as in 8. erassinuelea £, vitiea.  The contral has
a well-developed median conieal cusp with a lateral tooth at its base on
each side. The laterals have much narrower cusps than in the above-
named species with the entocones high and well developed.  There are
never more than five marginals, cach having one or two cusps. The
radular formula is approximately 4°15°1°15°4,

The jaw and radula are subject to variability to some extent in
examples taken from the same locality.  Tu spite of the fact that these
structures in S, bensoni agree in some respects with those of 8. ¢rrassi-
nuelea £, vitrea T regard the two species as distinet.  Judging from the

* | have rince heen able to collect living individuals of this species on the brick
walls of the moat, Fort William, Caleutta, in the month of July 1923, and also
from a drain in Sibpore in the same month,
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shells alone one would be tempted to treat the present species as 1o
more than a form of 8. crassinuclea closely allied to the f. vitrea.

Living individunals of this species found in Caleutta enabled me to
study the genitalia and other organs.  The kidney and the pulmonary
chamber show no peculiar features. The genitalia, on the other hand,
somewhat resemble those of . 7ndica, but have certain distinct features.
The albumen and hermaphrodite glands are well developed and the
prostate is large and triangular. The uterus and the penis are slightly
twisted together. There are three seminal vesicles as in Sueeinea grave-
lyi, sp. nov. The spermathecais a globular sac with a long thin duct
which opens at the junction of the broad distal portion of the uterus
with the narrower convoluted proximal portion. There is a short vas
deferens which opens on the top of the stout cylindrical penis which is
bulged out at its proximal end, and to which is attached a single retractor
muscle, The lumen of the penis has two longitudinal folds which
enclose a groove. The terminal portion of the penis may often be
protruded through the external opening as shown in the figure.

Living examples of this species arve very sluggish in habits and live
in erevices between stones and hricks which are overgrown with moss.
The colonr of the shell with the animal inside harmonises with that of
its surroundings.  They scem to live on moss growing in the crevices.
They hardly contract when disturbed but exwde copious mucous from
the foot.

Succinea ceylanica Pfeiffoer.
1876, Suecinea ceylanica, Hanley and Theobald, op. cit., p. 64, pl. clviii, fig.
10,

1878, Succinea ceylanica, Nevill. op. eit., p. 212,
1914, Sucvinea ceylanica, Gude, op. cit., p 457.

I doubt whether this is a distinet species at all. It seems to be
closely allied to S. deneina Ptr. and might prove to be only the Ceylon
form of the latter. But nothing definite can he said about their affi-
nities until the anatomy of both is known,

The single spccuncn in the collection from Kandy in Ceylon has a
thick shell with ig whorls and is relatively narrow. It agrees with the
figure of this species in Conelt, Ind.  Though it approaches the typical
forms of &. dunecine in some respects, it ditfers from the latter in the
body-whorl being relatively narrow, in the more deeply impressed
suture and in the narrowly clongate aperture, the margin of which is
slightly thickened. The colour of the shell is probably variable. It
has the following dimensions in millimeters :—

Hcight of Height of Greatest breadth  Greatest breadth
shell. aperture. of shell. of aperture.
96 64 54 38

Succinea daucina Pfeiffer,
1914.  Suceinea danvina, Gude, op. cit., p. 453,

Several shells” from Calcutta and Port Canning in Bengal are

represented in the collcction. Specimens recorded by Nevill are also
intact,
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The species is extremely variable in size, form and colour, but when
the whole collection is examined at once it is possible to distinguish, at
least, two distinet forms, viz., the long-spired =nd the short-spired.
The former are typical and agree with the original description of the

Fia. 7.--Jaws of Succincidae.

a. Sueeinew bensoni Pfeiffer from Fort William, Calcutta.

b. Succinea grarvelyi, sp. nov. from Adyar, Madras.

¢. Suecinea stoliczhae, sp. nov. from Leh, Kashmir.

d. Succinea crassinuelea £. vitrea Pfeiffer from Port Canning, Bengal,
e. Succinea stoliezhae, sp. nov. from * Karnag.”

gpecies, but not quite with the published figures. They are larger
than the type.  Gude distinguishes this species from its nearest allies
by the inflexion of the ounter margin of the peristome. This feature,
owing to its variability, seems o me to be an unreliable diagnostic
character.

Measwrements i imillimeters.,

Height of Height of Greatest breadth  Greatest breadth
shell, aperture. of shell. of aperture.
115 74 67 52
112 82 75 60
10:0 70 65 43
10°0 7H - 62 48
98 61 59 43

The anatomy is unknown, The shells in the collcction have Leen
80 well cleaned that not a little of the dried anjmal is left behind to enable
one to examine the jaw or the radula,
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Succinea daucina f. hraswasikhara,' nov.
1878, Swecinea daucina var. (?), Nevill, op. eit., p. 212.

Shells belonging to this form were taken from the same localities as
the previous species and found labelled “ 8. daucina, Pfr.” In sizethey
are smaller than S. daweina and have the spire shorter. They are subject
to the same degree of variability in colonr and form as the typical
S, daucina.

The present form is, however, distinet and can be easily distinguished
from the typical species by the rvelatively short spire, by the papillate
apical whorl, and oy the relatively lesg tumid penultimate whorl,

Shells intermediate in character between this form and S. diwcina
are also found in the collection, but they are not distinet enough to be
regarded ag a separate form.

Measurements in millimeters.,

Height of Height of Greatest breadth  (reatest breadth
shell. aperture, of shell. of aperture.
80 60 0 40
88 62 59 43

Type-specimen.—No. M 2228 Zool. Surv, Ind. (Ind, Mus.).

A small broken shell colleeted by Nevill in Madras is referred to
this form.

Succinea snigdha,? sp. nov.

The shell is elongate-ovate, conical, moderately thick, shining, and
has a pale eream colour. It has fine irregular striae which are conspi-
cuous except on the spire.  The spire is high, less than half the total
height of the shell, and has 2} to 25 whorls, but rarely three. The
whorls are tumid, the sccond more than the penultimate which is
oblique and about § the height of the spire. The suture is moderately
impressed and the apex is minutely papillate.  The aperture of the shell
iy elongate-ovate wita the margins relatively thick. The columellar
fold is minute or obsolete with a well-defined smooth and shining ridge
continuous with the margin of the aperture.

Measurements in millimeters,
Meight of Height of Greatest breadth Greatest breadth

Type-specimen. shell, aperture, of shell. of aperture,
78 b2 31 27
1 e 4-8 43 33
2 87 51 49 34

Type-specimen.—No. M =222 Zool. Surv. Ind. (Ind. Mus.).

Locality.—Calcutta.

Several shells of this species were found in a tube with the label
“Calcutta” in the box containing S. daucina. Nevill does not record
them in his Hand List.

! From two Sanskrit words ITraxuwe (= short) and Sikhara (= spire).
3 Snigdha in Sanskrit n.eans smooth,
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The species is slightly variable in size, thickness and sculpture of
the shell, and in the prominence of the columellar ridge. The latter

<)
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F1a. 8.—~External features and anatomy of Succinea gravelyi, sp. nov.

A. View from the right side of the animal.

B. Ventral view of the whole animal.

C. Alimentary tract and associated structures,
D. Ventral view of the genitalia.

E. Enlarged view of the seminal vesicles.

a. anus ; a. gl. albumen gland ; b.m. Huccal muscles ; cr. crog) 3 d.i. duct of liver;
e.m. edge of mantle; fp. third seminal vesicle representing the modified fecunda-
tion pouch ; s1. foot ; h.d. head ; h,d. hermaphrodite duct; k.g.’hermaphrodite gland ;
inf. ntestine; k. kidney with calcareous concretions seen through covering
membrane ; &r. liver ; mf fold of mantle ; oe. oesophagus; p. penis; p.c. pulmo-
nary chamber ; p.o. plumonary opening ; pr. proatate gland; » m retractor muscle
of penis; . rectum ; s.d. duct of salivary gland; s.g. salivary gland; sp. sper-
matheca ; st. stomach ; s.v. seminal vesicles; ut, uterus; v.1. vas deferens,
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has often the appearance of a minute tubercle in an oblique ventral
view from the columellar side. The ridge is separated from the body-
whorl by an open sha'l()}v groove.

Though the present species resembles S. duucina in some respects,
it differs from it in the smaller size, in the relative thickness of the
shell, in being much narrower, in the possession of a relatively long
gpire for its size, in colour, in the distinct prominence of the columellar
ridge and in the polished and shining appearance of the shell.

Succinea stoliczkae, sp. nov.
1878. Succinea, sp., Nevill, op. eit., p. 214.

The shell is ovate, relatively thick, and has irregular relatively
coarse striae. The colour of the shell varies from a pale cream to grey
or brown with, sometimes, a characteristic shining appearance. The
spire is elongate, ol)tusely conical, a little less than half the total height
of the shell, and has 2} to 3scalarlform, gquite convex whorls, sculptured
with fine oblique striae. The suture is nearly transverse and the body-
whorl moderately convex. The aperture is ovate, obliquely flattened
above on the columellar side, but regularly rounded below. The outer
margin is somewhat arched above. The columellar fold is minute,
twisted in the middle, and has a long, oblique, smooth and shining ridge
commencing from within the aperture.

Measirements in millimeters.

Height of Height of  Greatest breadth Greatest breadth
shell. aperture. of shell. of aperture,
89 5D 56 37
80 b il 30
7hH 46 44 31
73 40 42 2:6

The jaw is very distinc, in several features. It is longer than broad
and the cutting piece has long and club-shaped arms with a prominent
median projection at the bottom of the concavity. The posterior
margin of the cutting piece is medially depressed. The basal accessory
plate is roughly rectangular with the posterior part broader and rounded.

The radula is a long narrow ribbon with less than 60 teeth in each
transverse row. The teeth -we relatively small and have sharp elongated
cusps. The central has a conical median cusp with a subobsolete lateral
tooth at its basc. The laterals have, as usual, only two cusps, while
the marginals have nearly always 4 cusps including the small tooth
at the inner base of the entocone. The approximate radular formula is
16.13.1.13.16.

Type-series—No. M 222 Zool. Surv. Ind. (Tnd. Mus.).

Several shells were tﬂken by Stoiiczka under stones at * Karnag.”

I have been unable to determine the precise position of this locality
in the Indian Empire, It is probablv the name of a spring in Kashmir.
Nevill recorded these specimens in his Hand-List as an undetermined
species of Swceinea, . ,

9
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Shells of this species approach those of S. snigdha in some respects,
but are distinguished from the lattor by the scalariform shell, the

F1c, 9.—Anatomy of Succineidae.

A. Tudosuccinea semiserica (Gould). Region «f the stomach.
B. Succinea bensoni Pfeiffer. Terminal portion of the genitalia as seen from
the ventral side with the structure dissected out,.
C. Succinea indica Pfeifter. Ventral view of the genitalia.
D. Succinea indica Pfeiffer. Penis dissected out fr 1. its sac, and showing
digitiform process at its proximal end.
E. Succinea beusoni Pfeiffer. Ventral view of the genitalia (in situ),
a.gl. albumen %land ; ¢. caeca ; g 0. external npening of the male and female
ducts ; er. crop ; d.l. duct of liver ; hd, hermaphrodite duct ; 2g. hermaphrodite
gland ; Ir. liver ; or. d. oviduct ; p. penis ; pe. portion of penis protruding outside
with a median groove on it ; Fr. prostate gland ; »m. retractor muscle of penis ;
sp. spermatheca ; sp d. duct of spermatheca ; st. stomach ; sc. seminal vesicles ;
ut. uterus ; vd. vas deferens.

strikingly convex whorls, the coarser sci.lpture, the dull gray colour,
and the nature of the aperture and the columellar ridge,
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Succinea gravelyi, sp. nov.

The shell is narrowly ovate, relatively thin, translucent, and move
or less regularly finely striated. It is of a reddish-amber colour except
on the apex of the spire and on the columellar fold which are often pale
in contrast. The spire is short, conical and less than 3 the total height
of shell, and has a blunt apex. It has, as a rule, 24 moderately convex
whorls, the penultimate oblique and less convex than the last whorl.
The suture is not deeply impressed. The aperture is ovate, pointed
above and evenly rounded below, and rarely oblique from below the
columellar fold. The outer margin of the aperture is very slightly
inflexed above. There is often a pearly lustre on the inner surface of
the shell. The columellar fold is very thin and minute while its ridge
is nearly obsolete. .

Measwrements in millimeters,

Height of Height of  Greatest breadth  Greatest breadth
s‘ine]l. aperture. of shell., of aperture,
"Type speci- 65 50 47 30
men.
1 62 42 38 32
2 60 46 37 31

Iaternal features.—The foot of the animal in preserved condition is
leaf-shaped, very much wrinkled, broad and rounded in front and
tapering gradually behind,  The sides of the head and the tentacles
are covered by small dark patches of pigment which gradually fade on
the sides and posterior extremity of the foot. The edge of the mantle
is broad and pigmented, and has a groove near the free margin and a
narrow vertically depending fold on its lower surface. The roof of the
pulmonary chamber is thin and transparent and covered with sparsely
distributed irregular patches of black pigment which fade away on the
membranous covering of the spire. The kidney is roughly rectangular,
and slightly broader on the right side than on the left. It is yellow in
colour and filled with spherical or oval calcarcous concretions, The
spire has a pale piuk colour. The mouth of the animal is a small
circular opening, oftim very much contracted and hidden from view by
the folds of the buecal mass and the foot. The anus is an clongated
clliptical slit on the right side near the posterior end of the pulinonary
chamber and is in communication with the small circular opening of
the lung at its anterior end by a short narrow groove as in other species
of Sueceinew. The male an‘! female apertures are placed close together
on the right side a little below the base of the tentacle.

The jaw is small and delicate and slightly longer than broad. The
arms of the cutting ¥ece form a roughly V-shaped structure and are a
little broader at their apices than below. The outline of the apex is
rounded on the outer side and straight on the inner. The bottom of
the V-shaped concavity is maised in the centre into an obtusely conical
prominence. The basal accessory plate broadens rapidly from before
backwards and has a broad shallow depression on the posterior margin.,
The striations on the jaw are well marked. In some features the jaw
of this species scems to approach that of N. fndica but differs from it
in having a wedge-shaped basal accessory plate, in the broad depression
on the posterior margin, and in its delicate texture,
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T'he radula is a narrow ribbon consisting of relatively few small
teeth. The central is short and conical and has at its base on each
side a well-developed conical tooth. The bagal § late is broad and much
higher than the median cusp. The laterals have two cups with a small
one at the base of the inner side of the entocone. The marginals have
4 to 5 clongate narrow cusps of which the entocone is the largest, while
the small tooth on the inner side of the entocone is better developed
than on the laterals. The dental formula is approximately 13.10.1.10.
13. The radula is very distinet in features though some resemblance
might be detected to that of 8. rutilans and some specimens of 8. indica.
It is, in all probability, a chance resemblance rather than any real
atfinity.

The oesophagus is long and commences from the middle of the dorsal
surface of the heart-shaped buccal mass, opening into the crop which is
wider. The salivary glands are two in number and roughly triangular
in shape, and bave thin ducts nearly as long as the ocsophagus. The
ducts open into the buccal mass one on each side a little behind the com-
mencement of the oesophagus. The crop opens into a wide stomach
which together with the former forms a roughly V-shaped structure.
The duct from the liver or the hepatic glands opens at the anterior
end of the stomach.  In the individuals dissected the stomach contained
a digintegrated mass of moss or algae and was singularly devoid of hard
particles of mud or sand.

The caeca, which are found in other species of Suceinea, seem to be
wanting in S, graeelyi. 1 dissected over a dozen individuals but found
no caeca in any of them. If they arve present at all they must be
extremely delicate and transparent. ‘

The intestine is long and narrow and has a double loop encircling the
liver. The rectum traverses the right margin of the posterior half of
the pulmonary chamber and opens to the outside close to the opening
of the lang.

The kidney is filled with spherical or oval calcareous concretions
which seem to obliterate the internal folds as in individuals of N, indica
from Kashmir taken in July. But individuals of the present species
were all collected in January. From the focts available as regards this
phenomenon in 1. semiserica, S. indica, and the present species, the
real causes of this phenomenon are somewhat obscure though rainfall
and a low temperature secin to regulate the deposition ot concretions.

The genitalia of S, grarelyi are remarkable in certain features. The
hermaphrodite gland is clongately triangular and lightly coiled at the
apex of the spire. The hermaphrodite duct isrelatively short, its termi-
nal portion being spirally coiled and co.cered by dark pigment. It
opens at the base of the seminal vesicles of which there are three. Two
of them are sub-equal and thick-walled while the third is slightly shorter
than the others, thin-walled and enlarged. The 1»¢. corresponds to the
third vesicle desceribed in I, seniserice. 1 have found spermatozoa in
all of them in transverse sections of the organ. The third sac' pro-
bably represents the modified fecundation pouch, which, in 8. pulris,
is a wide sac into which the seminal vesicles open. The prostate is oval

1 Jacobi describes, in 8. horticolu, Reinh, a small sac at the base of the vesicles
under the name * Befruchtungstasche  (vide Journ. Call. Sei, Tokyo, X11, p. 84, pl.
vi, figs. 11% and b; 1808-1900), and T presumg this corresponds to the greagy
developed sac in /. semisericw and 8, gracelyi, '
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and the vas deferens moderately long and narrow. The latter opens
on the proximal extremity of the penis, which is a wide sac in close
relation with the vagina. The penis and the vagina are, to a relatively
great extent, united along their length, which marks off this species
from all others in which the genitalia are known. In cleared prepara-
tions of this portion of the genitalia it is evident that the wall of the
vagina and the penis are fused together on one side, while their proximal
parts are separated. 'The male and female openings are placed close
together in an atrium-like structure. There is a single retractor muscle
attached to the proximal end of the penis.  The albumen gland is rough-
Iy triangular. It is followed by a short and narrow oviduet which leads
to an enlarged utérus. The proximal end of the vagina has a bulbous
outline and is connected with the uterus by a short wide duct. The
spermatheca is oval and has a long fine duct which opeus dorsally on
the bulbous portion. ,

Type-specimen.—No. M ]":” Zool. Surv. Ind. (Znd. JMus.).

Dr. F. H. Gravely obtained several living individuals on the brick
Sualls of an old well (just above the water-level) at the back of a
casuarina plantation on the Klliot’s Beach, Adyar, Madras.

This species is very distinet from all others both in the characters
of the shell and in the peculiarities of the soft parts. The shell has a
general resemblance to that of S. daveine £, hasicasilihara, but is dis-
tinguished from the latter by its relative narrowness and thinness, by
the less tumid penultimate and last whorls, by the obsolete columellar
ridge, and by the beautiful reddish-amber colour. It might also be
confused with that of &, s1elilars, which, however, can be distinguished
by the form and the colour.

Succinea gravelyi f. deccanensis, nov.

Shells of this form are apt to be mistaken for those of the typical
8. daneina, but a closer examination of the texture, sculpture and colour
of the shells will make the differences clear.  They are, however, closely
allied to those of S, gravelyi in the features mentioned.  They are larger
in size than the latter and are of a dull amber colour. The penultimate
whorl is more convex and the suture more or less well-impressed.  The
sculpture is coarser, distinetly on the penultimate whorl but minutely
on the apical. There are about 23 whorls in the spire. The largest
shell has the following measurements in millimeters.

Height of Height of Greatest breadth  Greatest breadth
shell. aperture. of shell, of aperture,
95 68 51 3-8

12387 8
5— Zool. Surv. Ind. (Ind. Mus.).

Five shells of tn., form were collected by Mr. B, Sundararaj from a
walled tank in a mosque, Kurnool town, Madras Presidencey.

Type-specinien.~No. M

Succinea gravelyi f. andamanensis, nov.

Shells of this form approach thuse of 8. gravelyi £. deccanensis hut
have more tumid whorls than in the latter or in S, gravelyi. The
penultimate and the last whorls are relatively convex and have a very
coarse sculpture. The colour of the fresh shells is deeper than in
S, gravelyi,
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The jaw, the radula, and the other soft parts are similar to those of
S. gravelyi.
The type-specimen has the following measurements in millimeters :—

Ieight of Height of Greatest breadth  Greatest breadth
shell. aperture, of shell, of aperture,
83 59 60 40

- . 1242¢,

Type-specimen.~ No. M === Zool. Surv. Ind. (Jnd. Mus.).

Living specimens of this form were found by Dr. N. Annandale on
Mount Harriet (1,100 feet), 8- Andamans in December 1923 on damp
soil at the base of banana trees in a garden, at some distance from
water.

Succinea rutilans, Blanford.
1876, Suceinea rutilans, Hanley and Theobald, op. cit, p. 27, pl. Ixvii, fig, 10,

WL Succinea rutiluns, Gude, op, cit., p. 448,
1921, Succinea rutilans, Amin-ud-din, op, ¢it., p. 598, figs. 21 (20, 20) and 25,

Th> shells collected by Godwin-Austen in the Khasi Hills and
recorded by Nevill are still in our colleetion.  In addition there is a
single shell from the Manipur valley which has a light olive-brown
colour. It is more eclongate than the Khasi Hill specimens and has a
higher and wore tumid spire.

There are two shells in the collection labelled ** S, taylori, Vfr,
Singapore " which agree closely with the Manipur specimen. They are
of a vellowish amber colour. T have little doubt that 8. fayloriis a
synonym of 8. sulileens. .

Measurements in nedlllimete, s,

1
! Height | Height | Greatest | Greatest
Locality. ' of of breadth of {breadth of
shell. | aperture. ! shell. | aperture.
Manipur .. HaN 609 53 37
Khast Hills - 96 601 50 36
Singapore i g0 04 55 4

The shells from the Khasi Hills have a remarkably short spire, and
are of a pale yellow colour with olivaceous longitudinal streaks on the
last whorl,

The jaw of the species is very distinet in featuves. It has roughly
a square outline. The cutting piece is move or less wuniform in breadth
and has short and blunt arms with flattened apex, Its anterior margin
makes a semi-circle and is without indentations.  The basal accessory
plate has parallel sides and a rounded posterior margin.

The radular teeth are relatively few in number and have characteristic
features. The basal plate is nearly always shorter than the highest
cusp of individual teeth, The central has an clongated conical eusp
without lateral teeth, The laterals are bicuspid with the ectocone much
shorter than the entocone. The marginals have three to five cusps,
of which the entocone is the largest. There is a large conical tooth on
the inner side of the base of the entocone, which may be rarcly absent
on one or two of the longitudinal rows of marginals,
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The genitalia are of the usnal type in amphibions species and exhibit
no distinctive features.

The specics is, pr@&umably, widely distributed in Assam, Burma
and the Malay Peningula. In the present state of onr knowledge of the
species of Succinen as a whole no definite statement as regards their
distribution can be made.

Succinea godivariana, Gude.

1914, Suecinea godivariana, Gude, op. cit., p. 449, fig. 140,

A single shell, collected by me from a sand-like deposit on the sides
of the Me-ho Gorge, 8. Shan States in March 1922, is referable to this
species. It agrees 'very closely with the fignres of this species in the
‘Fauna” volume, but has half a whorl more. The shell is amber-
coloured.

Measwrements in illimeters.

Height of Height of  Greatest breadth Greatest breadth
shell. aperture, of shell. of aperture.
34 .25 30 18

The type-series were collected by Beddome on Gorge Hill, “ Godi-
vari "' (apparently misspelt for Godavari in the Madras Presidency).

The distribution of this small species is interesting, in that it has
been found in two such remote places as * Godivari” in India and
He-ho in Burma. The gpecies being the smallest in size is much more
likely to escape the attention of collectors than the larger spocics, which
are themselves so little known owing to their cryptic habits.

Succinea godivariana f. vangiya,' nov.

Two shells from Port Canning in Bengal are here regarded as a
distinet form of the foregoing species. They were found in our collec-
tion with only the locality label. Nevill did not record them in his
Hand-List. They had a muddy deposit on the outer surface of the sheil
which was curiously raised into iminute spine-like processes. These
latter gave them the appearance of a marine or estuarine species (like
that of a spiny Neritina). On washing the shells in water the muddy
deposit disappeared and their true aflinity was discovered.  One of them
had a tough epiphragm on removing which the dried animal was found
in the shell. It was soaked in cold caustic potash for a few hours and
the animal removed for the extraction of the jaw and the radula. The
former structure was, unfortunately, not to be seen.

The vadular teet.. ~re large for the size of the animal, and few in
number. The basal plate of individual teeth is always shorter than the
highest cusp. The central has a long conical and apically blunt
median cusp and two well- developed lateral cusps. The laterals have
two cusps, of which the entocone is larger. The marginals have 3 to 4
cusps, one of which is the inner lateral danticle at the base of the ento-
cone. The cusps are elongate, narrow and more or less sharp. The
approximate dental formula is 8. 7. 1. 7. 8,

1 Vangiya is the adjective form of Fanga in Spnskrit for Benyal.
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The largest shell has the following measurements in millimeters :—

Height of Height of  Greatest breadth Greatest breadth
shell. aperture. of shell. of aperture.

36 30 2'5 20

Type-specimen.—No, M 1—2—2(—'—2 Zool. Surv. Ind. (Ind. Mus.).

The shells are whitish in colour and are narrower and much less
convex than those of 8. godivariana. The sculpture is also much coarser.
The margin of the aperture below the columellar fold is inflexed.

The present form seems to give a clue to the trme distribution of
S. godivariana, which, from its known provenance alone, is likely to be
regarded as a species having a discontinuous distribution.

Succinea limnaeiformis, sp. nov.

The shell is narrow, clongate-ovate, fairly thick with fine, close-set
regular longitudinal striae. Tt has a pale yellowish-brown colour. The
spire i very short and ahout § the total height of the shell with only
two whorls. The penultimate is oblique and moderately convex with
very minute longitudinal strine. The body-whorl is not at all tumid
but is somewhat convex in a dorsal view. The apical whorl is minutely
papillate. The aperture is somawhat oblique, elongate-ovate, apically
acute, and has a moderately thick margin. The colnmellar fold is thin,
elongate, broad above and narrowed below and is continuous with the
lower margin of the aperture. There is a distinct shining columellar
ridge a hittle above the mididle of the colmmellar margin. The outer
margin is evenly convex. There is an elongate open groove below the
columellar fold comparable to an umbilicus.

Measwrements in millimeters,

Height of Height of  Greatest breadth  Greatest breadth
shell. aperture. of shell. of aperture.
65 55 35 32

Type-specimen.—No, M 12 ; 7} Zool. Surv. Ind. (Znd. Mus.).

Dr. Sunder Lal Hora obtained two living shalls from the edge of the
White-crow tank near Yawnghwe, S. Shan States, Burma.

This species is very distinet from any of the Indian or Burmese
ones, and is remarkably like a Liminara in general appearance, but the
nature of the columellar fold and the ridge and that of the spire is
enough to put it at once as a Sucerinea.

ADDENDUM.

Since this paper went to press I have had the opportunity of
examining a small collection of freshwater Gastropods made by
Dr. Sunder Lal Hora near Amingaon in Assam, in which were found
two specimens of Swceinea godivariane. Fortunately the animals were
in a good state of preservation and the jaw and the radula could be
extracted.

The shells are of about the same dimen3sions as the Shan specimen
with the spire very similar. The colour is somewhat paler,
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The jaw is very minute and rather feebly
chitinised, but its outline and texture are well
marked. The cutting piece is trough-shaped,
and has short arms, with their apices broad and
rounded. The anterior margin of the cutting
piece is fragmented and has a characteristic
appearance, while the remaining portion is
transversely striated except for a triangular
space in the middle. The basal accessory plate
has parallel sides and a slightly depressed
posterior margin.

K16, 10.—Jaw of Fuecinew The radular teeth are very similar to those
godivariane Gude from of g godivariana f. vangiya both in the number

Assam. and form of the teeth in a transverse row.

The genitalia could not he made out owing to the delicate nature of
the animal.

Specimens were apparently found in close association with Limnaeas
attached to dead twigs and leaves in Thumarkur nullah, 3 miles from
Sorupeta on the Amingaon side.

The occurrence of this species in the S. Shan States, in Assam and
Bengal, and in the Madras Presidency far from its being an instance of
local or discontinuous distribution would lend, in my opinion, ample
proof of its wider distribution than we as yet know. The minuteness
of the species is the only deterrent to our knowledge of its distribution
but a careful collector to whom the minuteness of a species is no
serious obstacle is bound to throw more light on this question.

Indosuccinea semiserica {. khandalla, nov.

Shells of this form are indistinguishable from those of f. sthwlasiras.
They are thin and brittle, and of a yellowish amber colour. They do
not exceed 12 mim. in height. The sculpture and the thickening of
the upper part of the body-whorl are variable but the latter ig relatively
prominent.

The jaw resembles that of f. sthwlasiras, but has two chitinous
thickenings running diagonally on the basal accessory plate from below
the middle of the cutting picce towards the outer lower corners of the
former. The striations on the remaining portions of the jaw is a little
more conspicuous than in f. sthulasiras.

The radular teeth aré very similar to those of I. semiiserica and its
closely allied form.

In the genitalia the duce of the spermatheca has no separate external
opening but joins the oviduct some distance above the female aperture.
The vas deferens is short and the penis relatively long. There are
two seminal vesicl>~, sometimes unequal in length but without the
sac corresponding to the fecundation pouch. It probably varies in
prominence according as it is full of spermatozoa or relatively empty.

These differences in thc anatomy of the animal seem, in my opinion,
sufficient to warrant the recognition of this form as distinct from either
1. semiserica or the allied f. sthulasiras.

Type-specimens.—No. M. 23324 Zool. Surv. Ind. (Ind. Mus.).

Several living specimens of this form were taken by Mr. R. Hodgart
on shrubs growing in moist ground near Khandalla, Bombay Presidency,
in July 1924.

10
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EXPLANATION OF PLATE XXVIII.

Terrestrial and Amphibious Succineidae.

Fic. 1.—Indosuccinea plicata (Blanford) (x 1°3), shell from Arakan, Burma.

Fra. 2. - Indosuccinea semiserica (Gould) ( x 1'6), shell from Moulmein, Burma.

Fia, 3.—Indosuccinea semiserica f. sthulasivas, nov. (x4), type-specimen from
Calcutta.

Fia. 4.—Succinea indica Pfeiffer (x 1°7), shell from Srinagar, Kashmir.

Fic. b, - Succinea indica Pfeiffer (x 2°3), shell from Pancha Tirla tank, Peshawar,

F1a, 6.—Suecinea indica Pfeiffer (x23), shell from Thali-u, Inlé Lake, Southern

Shan States.
F16. 7.—8uccinea indica Pfeifter (x 2'8), shell from Bhim Tal, Kumaon,

F16. 8.—Succinea indica Pfeiffer (x 1'7), shell from Dal Lake, Kashmir.

F16. 9.—Succinea indica Pfeiffer (x2'5), shell from a field in He-ho, Southern Shan
States.

F1i, 10.—Succinea indica f. snbfossiliz, nov, (x31), type-specimen from He-ho
Gorge, Southern Shan States.

I'1¢. 11,—Sucecinea daucina Pfeiffer ( x 2:8), shell from Calcutta.

Fia. 12.—Succinea daucing f. hraswasikhara, nov. (x34), type-specimen [from
Calcutta.

F16. 13.—Succinea gravelyi, sp. nov. ( x 38), type-specimen from Adyar, Madras.

Fia. 14.—Succinea gracelyi £. deccanensis, nov. (x 3), type-specimen from Kurnool,
Madras.

Fi, 15.—Succinea gravelyi f. andamanensis, nov. (x31), type-specimen from Mt,
Harriet, Andamans.

Fia, 16.-~Succinea stoliczlae, sp nov. ( x 3'1), type-specimen from ¢ Karnag.’

F1G. 17.-- Succinea snigdha, sp. nov. ( x 3'13, type-specimen from Calcutta.

Fic. 18.—8uccinea godivariana f. vangiya, (x63), type-specimen from Port
Canning, Bengal.

F1¢. 19.—Succinea tornadri, sp. nov. (x1'6), type-specimen from Torna Hills,
Poona.

F1a. 20 —Succinea limmaeiformis, sp. nov. (x4), type-specimen from White-crow
tank, Southern Shan States.

The figures within brackets indicate the magnification.
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THE MOLLUSCS OF THE SALT RANGE, PUNJAB

BY N. ANNANDALE, D.sc., C.LE., F.A.8.B.,
Director,
AND

H. SRINIVASA RAO, M.A.,
Research Assistant, Zoological Survey of India.

(Plate IX.)

A considerable collection of molluses was made in the Salt Range by
Theobald as long ago as 1851-52. Some of the species he obtained were
described by Benson at different times, while all the Gastropods were
recorded by Nevill in his Hand List of Mollusca in the Indian Museum
(1878 and 1885). Dr. Sunder Lal Hora, whose introduction to the papers
in this series may be consulted for particulars as to the physical conditions
prevalent in the Salt Range, has brought back an interesting collection,
particularly rich in aquatic forms. It should be noted that all his speci-
mens are from that part of the range which lies east of the Indus. Unfor-
tunately we have no particulars as to the precise localities in which
Theobald collected his shells.

Considering the two collections together, we find specimens of 20
species of Gastropoda, 9 terrestrial (including a Swccinea of unknown
habits), and 11 aquatic.  Of the 19 species of which anything precise is
known, six have a wide distribution in the Oriental region, and seven in
N. India. Four species are apparently endemic in the Salt Range while
two were known hitherto only from the Baluchistan desert, Southern
Persia and Iraq.! We may thus say that about 32 per cent of the Gastro-
pods are Oriental in a wide sense and another 37 per cent Indian, while
at least 21 per cent are endemic, and that there is some evidence of an
element belonging to the Afghan fauna. Th- Afghan forms are aquatic
as well as one of the endemic species, three of the latter being
terrestrial. :

Conditions of life in the Salt Range are very unfavourable for terres-
trial and still more so for aquatic molluses. The climate is dry and
extremely hot for a considerable part of the year and much of the
water is saline. Such a climate is not always inimical to the existence of a
rich, or at any rate an abundant fauna of land snails, but the fact that
the soil is impregnated with mineral salts is a most deterrent condition.
For aquatic forms these factors, especially the last, are still more
unfavourable. It is not surpriging, therefore, th-. 69 per cent of the
species are widely distributed in India or still further afield, for broad
geographical range in a species in itself implies a physiological constitu-
tion readily adaptable to diverse conditions of life. That there should be
a large endemic element in the Gastropod fauna might also be expected
from the isolation of the Salt Range. It is interesting, however, to find
that the Afghan fauna is represented. No species of this fauna has been

1, One of these (L. persica) has since been fopnd in the Western Himalayas,
at Peshawar and also (exceptionally) in the Deccan. *
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found hitherto east of the Indus. The occurrence of Limnaea persica and
Melanoides flavidus is doubtless to be accounted for by similarity of con-
ditions to be found in tl¢ Afghan-Baluch-Persian desert on the one hand
and in the Salt Range on the other. This has cnabled the fauna, or
at any rate certain of its representatives, to spread into a‘territory which
belongs geographically to the Indo-Gangetic plain.

The Pelecypoda collected by Dr. Hora bhelong to two widely distri-
buted Indian species and have no particular geographical interest.

LIST OF THE LLAND AND FRESH-WATER MOLLUSCS OF THE
I'UNJAB SALT RANGE.

(GANTROPODA.
Terpestrial Species,

Fam. Helicidae.

Eulota pentepolamionsis, sp. nov, Eundemic.
Fam. Testacellidae.

Ennea bicolor (Hutton). Peregrine.
Fam. Bulimindae.

Bulinminus salsicole (Benson). Endemic.

B. dextrosinister, sp. nov., Do,

DPupnides coenopictus (Hutton). Drier parts of India.

Pupoides lardeus (Pfeiffer). Not recorded.  Poswibly endemic.
Fam. Achatinidae.

Opeas gracile (Hutton). Peregrine.

Zootecus insularis (Khrenberg). Do.
Fam. Succineidace.

Sueeinea crassinueclea (Pfeiffer). N. India.

Aquatic species,

Fain. Hydrobiidae.

Amanicole (Llocinnee) pulehelle (Stoliczka). N. India ; Assam.
Fam. Melaniidae.

Melanoides tuberculatus (Muller). Africa to New Guinea.

Melanoides flavidus (Nevill). Iraq ; 8. Baluchistan.
Fam. Limnaeidae.

Limnara acvwiinate Lamarck. India ; Burma.

Linnaea luteole Tamarck. India ; Burma ; Mauritius (? intro-

duced).

Limnaea persica Issel. 8. Persia ; S. Baluchistan ; N. India ; Deccan.

PELEC!YPODA.
Fam. Cyrenidae.
Corbicula striatella Deshayes. India.

Fam. Unionidae.
Indonaia caciuleus (Les). Indiz
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TERRESTRIAL SPECIES.

Eulota pentepotamiensis, sp. nov.

1R78. Nanina (Bensoniad jacquenonti Martens (in part). Nevill, Hand List
Moll. Ind. Mus., T, p. 49.

The shell is depressedly conoidal, almost flat below and with a very
broad short spire, moderately thick, teanslucent white when fresh, often
with & narrow brown stripe running round above the suture and the
periphery of the body-whorl. The spire is Hlatter in somne shells than in
others, but is never acuminate. There are fivé and « half whorls, which
increase gradually and evenly in gize. The body-whorl is subeylindrical
and without trace of a keel. The suture is linear and impressed. The
mouth is lunate and almost horizontal as the last whorl descends very
little, hut there is some variation in this respect. The nmbilicus is deep-
ly perforate but always small. It varies considerably in size and in somne
shells is ncarly closed. The edge of the lip is sharp and not at all
reflected, and there are only slight indications, mainly on the upper
part, of a thickening inside it. The columella is but slightly reflected
over the umbilicus. The upper surface of the shell has an oily lustre,
while the lower is highly polished. The sculpture consists of strong
vertical striae, somewhat variable in development on the upper surfaces
of the last four whorls, and of very much finer striae running in the
same direction on those of the apex. On the lower surface the striae
are also well developed except towards the meuth. A very minute
spiral striation can be observed with a strong lens, especially on the
upper surface.

Measwrements of shells (Fn millimeters).
Type 1 2 3 4 5 6

Major diameter ... 182 188 191 185 181 184 180
Minor diameter ... 165 16-8 168 160 158 160 156
Height 82 84 80 76 72 80 84
Greatest width of aperture 8) 86 89 &5 82 84 82
Height of aperture 65 T1 71 69 66 68 68

This shell was confused by Nevill with that of Bensonic jacquemont!,
to which it bears a certain quite superficial resemblance. 1t may easily
be distinguished, however, by its size, texture and colour, and by differ-
ences in the shape of the mouth and the size of the umbilicus, which is
always much smaller. The true relationships, in spite of geographical
difficulties, seem to be with forms like Kulota plc.dspira. The ghellis, .
however, distinguished by its much more flattened form and very small
umbilicus from that of Ewlota planispire.

Type-specimen.—No. M ”;ZQ Zool. Surv. Ind. (Und. Mus.).

We have examined a large series of shells, including those collected
in the Salt Range by Theobald and assigned Ly Nevill to Bensonia
Jacguemonti.  Dr. Sunder Lal Iora obtained numerous empty shells
on the hillsides at Katas and two (smaller thai. the others) on the banks
of the Katas Nallah, in July, 1922, "
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Ennea bicolor (Hutton).
1908. Enuea bicolor, Blanford & Godwin-Austen, Faun. Brit. Ind., Moll., 1,

p- 19, fig. 12,
1921. Ennea bicolor, Annandale & Prashad, Rec. Ind. Mux, XIX, p. 189.
A gingle specimen was obtained by Theobald in the Salt Range.

Buliminus (Petracomastus) salsicola (Benson).
1914. Ena (Subzebrinus) salsicola, Gude, Faun. Brit. Ind., Moll. 11 , p- 248,

The series collected by Theobald in the Salt Range and described by
Benson is'still intact in the Indian Museum.! We have sclected two

shells (M ﬂ?j’“ ) as lectotypes and figure them herc.  As there is some

individual variation, it is impossible to regard any one shell as ty pical.
Dr. Hora did not rediscover the gpecies.

Buliminus (Subzebrinus) dextrosinister, sp. nov.

1878, Buliminus (Petraeus) eremitu (?) Hutton, Nevill, Hand List Moll. [nd.
Mus., 1, p. 134

Specimeng thus recorded by Nevill and colleeted by Theobald in
the Salt Range agree precisely with some of those of a large series
recently obtained by Dr. Sunder Lal Hora in the same range, but the
latter show much greater individual variability and inelude many
sinistral shells. Dextral specimens resemble those of the true B. rremita
from Afghanistan and adjacent districts in many particulars hut are
quite distinet from those of B. salsicola and are as worthy of specifie
distinction as those of such forms as 13. sindicus. The new species can
hest be described in comparison with B. eremita.,

Apart from the fact that the shell in some localitics is indiff' erently
either dextral or sinistral and that at certain spots sinistral shells are
more abundant than dextral, the most noteworthy differences are the
following :—

(1) In B. dextrosinister the base of the body-whorl is much less
compressed than in B. eremite and consequently the
umbilicus 18 less conspicuous and the mouth less expanded
in appearance.

(2) The shell is more elongate and has a more tapering spire than
that of B. eremita.

(3) The body-whorl tapers slightly towards the base, giving the
shell a somewhat spindle-shaped form.

(4) Both lips of the mouth are vertical and almost straight, rnn-
ning parallel to one another in such a way that the aperture
forms an ellipse truncated obliquely at the posterior inner
margin.

(5) The body-whorl is less inflated than in B. eremita and the
outer lip projects less beyond its outer outline.

In fresh shells the colour is opaque white conspicuously streaked or
spotted with transparent brown.

! The author of vol. II on the molluscs in the official “Fauna of British India,”
gfpears to be unaware of the fact that many of Benson’s types are in the Indian
useum
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In sinistral shells the body-whorl has a somewhat distorted appear-
ance and the outer lip projects further and is more curved than in dextral
shells. Such shells are also a little larger than dextral specimens.

Shells in our large series exhibit considerable variation in outline,
but the characters given above seem to be constant.

E.rternal characters of the animal.—The foot is narrow and pointed
and a pair of tentacles are present in addition to the eye-stalks. The
gpecimens that we examined were too much contracted to provide
detailed information as to external features in other respects.

The genitalia agree in general structure with those of the Chinese
species described by Wiegmann' except in on: important feature,
namely, the complete absence of a diverticulum on the copulatory
pouch. The male and female ducts open into a com:non atrium situated,
in a dextral shell, on the right side of the body a little behind the
eye-stalks. The hermaphrodite gland, as in certain species figured by
Wiegmann, Jacobi® and Beck,? is racemose or rather finely lobulate.
Its duct is much convoluted, especially towards the lower extremity.
The albumen gland is large and elongate, sometimes folded on itself but

Fexr Fla. 1, —Genitalia of Buliminus dertrosinister, sp. nov, (dextral shell). alb.
¢l. albumen gland ; atr, genital atrium; app. appendage ; hm. gl hermaphrodite
gland ; hm. d. hermaphrodite duct; . flagellum od. oviduct; pr. prostate; »m.
retractor muscle of flagellum; ry receptaculum seminis; sp. spermatophore
pressed against the walls of the receptaculum seminis ; vd, vas deferens,

2 lVs;)ile)gm:um, Aun. Mus. Acad, Imp, Sci. St. Petersburg, VI, pp. 220~290, pls,
x-X1 ( . . .
* Jacobi, Journ. Coll. Sci. Tokyo, XII, pp. 76—82, pl. vi, figs, 113=115
(1898—1900). ) ) -
» Beck, Jenai, Zeitschr, Jena XLVIII, pp. 187—-225, pp. viii—x (1912).
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straight in some individuals. The oviduct is broad and simple in
structure. The copulatory pouch, which arises not very far from its
base, is comparatively short and blunt at its extremity. There is no
trace of the diverticulum.

In one of the specimens examined the pouch contained two spermato-
phores. These were vermiform hodies sharply pointed at both ends
with a hooked process on one side mwear the middle zm(e.l bearing a
clogely-wound chitinous spiral keel on one half. Onc extremity, that
without keel, was bent in a regular wide arc for almost half of the

TexXT ¥16. 2,—8permatophore of Buliminus dextrosinister, sp. nov,

length of the whole structure, while the other was twisted in an open
spiral of three whorls.

The male part of the genitalia differs less than the female from that
of previously described species of Buwliminus. The penis-shcath is
elongate and almost filiform but slightly dilated at the tip. The
flagellum and the vas deferens are normal. The prostate is an elongate,
band-shaped gland lying in close contact with the oviduet.

Alimentary Systein.—The jaw resembles that of Buliminnus (Sb-
zebrinus) beresowski! but is not so stout or decp.

The radula has the approximate formula 14. 10. 1. 10. 14, The
teeth differ from those of Buliminus reinianus in that the main cusp
is relatively larger, especially on the marginals, but are of the same
type.

The alimentary canal is long and’ coiled. The oesophagus has
thickened walls and its lumen is raised into folds. The stomach and
intestine are wide and thin-walled.

In sinistral shells the soft parts are reversed in direction and
position.

Type-series—Deniral No. M*2322 Sinistral No. M1%42¢,

Measurements of shells (in millimeters).

Sinistral, Dextral,
1 2 3 1 2 3
Height ... . 2113 2100 2005 18R 170 17°R
Greatest breadt .. 65 70 T0 60 62 65
Height of aperture . 668 75 71 61 61 60
Breadth of aperture ... . 48 53 52 49 43 41
Number of whorls ... . 8 9 83 8} 8% 84

11



82

Theobald’s specimens are labelled * Salt Range.” Those collected
by Dr. Hora are from Kallar Kahar, Sardhi, Katas and Chalisa, all places
in the same range and in the Jhelum district of the Punjab. Many ot
the specimens from Kallar Kahar were taken alive. They were attached
in large numbers to tree-trunks in an apparently comatose condition,
but we can see no trace of an epiphragm.

We have already suggested that local differences occur in the propor-
tionate number of dextral and sinistral shells. The following are the
facts on which we rely :—

In Theobald’s series, the precise find-spot of which is unknown,
the 22 specimens are all dextral. Combining this scries with those
obtained by Dr. Hora we have examined 154 shells. Of these 97 are
sinistral and 57 dextral. In the total number, therefore, about 63 per
cent arc ginistral. If, however, we take the members of the series from
different localities separately we find very different results. Of 48
shells from Sardhi 46 are sinistral and only 2 dextral, giving a percentage
of nearly 94 per cent sinistral, while of 12 shells from Katas only 2 are
sinistral, giving a percentage of only a little over 16 per cent. In aseries
of 70 shells from Kallar Kahar 49 are sinistral and 21 dextral, giving
a percentage of about 70 per cent sinistral. Two shells from Chalisa
station in the plainsg at the base of the range are both dextral. These
shells are * dead " and may have been brought down from the hillsin a
flood.

We have to thank Professor P. C. Mahalanobis of the Calcutta
Presidency College for the note on the mathematical significance of
these figures printed immediately after this paper. His investigation
seems to prove that the difference in the proportionate numbers of dextral
and sinistral shellg in different localities is not merely apparent.

4)

TeXT vi6. 3.—Jaw of Buliminus dertrosinister, sp. nov.
Text r16. 4. —Radular teeth of Buliminus dertrosinister, 8p nov.
¢. Central; [, laterals ; m, marginals.
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Pupoides coenopictus (Hutton).
1914. Pupoides coenopictus, Gude, op. cit., p. 259,

Two “ dead ” shells were obtained by Dr. Hora at Chalisa station.
Others from Theobald’s Salt Range collection are in the Museum.

Pupoides lardeus (Pfeiffer).

1855. Bulimus lardeus, Pfciffer, Mart. Chem. Conch. Cab., Achating |, p- 151,
pl. xxxix, fig 3. 14—16.

1876. Bulimus coenopictus, Hanley and Theobuld nec Hutton, Conch Ind., pl
xxiii, fig. 9.

1914. Pupoides lardeus, Gude, op. cit,, p. 261,

There has been confusion about this species, Gude (up. ¢it.) cites
Hanley and Theobald’s figure in the synonymy of P. coenopictus, but
these authors state that they consider the types of P. lardens to belong
to P. coenopictus and their figure agrees with Pfeiffer’s figure of the
former species rather than with specimens of the true cornopictus from
Quetta, from Hutton'’s collection and probably identified by him. We
take it, therefore, that Hanley and Theobald did not figure the true
coenopictus.

A single fresh specimen was obtained by Dr. Hora on the banks of
the Katas nallah. The specimens from the Salt Range recorded by
Nevill in his *“ Hand List” as Pupa (Lewchochile) sp. probably belonged
to this species, but we have been unable to find them.

No precise locality seems to have been assigned to 2. lardeus
hitherto. It may be endemie in the Salt Range.

Opeas gracile (ITutton).
1914. Opeas gracie, Gude, op. cit., p. 35D.

A single empty shell was obtained by Dr. Hora at Chalisa station in
the plains at the base of the Salt Range.

Zootecus insularis (Ehrenberg).

1906. Zootecus [; wzllariu, Pilsbry in Tryon’s Man. Conch. (2) XVIII, p. 106, pl.
xxvi, fig. 21.
1914. Zootecus gmula’rin, Gude, op cit., p. 367.

Shells from the Salt Range are all white and opague, but none seem
to be quite fresh. They exhibit an extraordinary individual variability
apparently not correlated in any way with locality. This is”clearly gshown
by the series of measurements given below and in our figures, They
were taken on fully formed specimens from two localities, namely,
Sardhi on the hills, and Chalisa station in the plains at their base, both
in the Salt Range, Punjao.
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Dr. Hora also obtained specimens at Katas nallah.

SARDHI, CHALISA,
}
. Greatest . Greatest dia-
Height of Y Number of | Height of - Number of
shell %n mm. ‘ 3:2;}'3:?:“?5 . whorls. shellgn mm. metie':‘ gftg?ell, whorls,
I
14 48 - | 93 150 50 9}
140 50 | 9 141 51 9
140 P 8y 125 50 8t
12°6 43 ' ]2 I 13-0 48 9
1240 0 | 9 4 123 48 84
111 2 8 Y. 114 50 73
110 a5 86 1 112 49 8
1000 43 8 1 107 44 84
100 42 : 8 105 40 74
98 40 | 8 ' 103 ! 4'8 74
97 4-3 : 8 i 10-2 ! 45 84
9h 44 } 8 . 94 : 49 7
84 40 " 94 440 8
88 2 74 85 38 73
88 &0 } ot sl 40 8
i

In one specimen the epiphragm remained complete. It had the
form of a thin calcareous plate occupying the extreme outer part of the
mouth and somewhat convex externally. Towards the upper extremity
there was an elongate transverse hole. Further into the shell there
were at least two similar plates separated by short intervals, both with
similar holes. The soft parts had completely disappeared but we
extracted an embryonic shell. Possibly the hole had been made by
some enemy which had devoured the snail.

Succinea crassinuclea, Pfeiffer.

1878, Sueccinea crassiuscula, Nevill, op. cit., p. 212,
1914. Succinea crassinuclea, Gude, op, cit., p, 463.

The specimens recorded by Nevill from the Salt Range under the
name Succinea crassiuscula are still in the collection.

The species occurs at Simla as well as in the localities recorded in
the works cited above. .

AQUATIC SPECIES.
GASTROPODA. ~

Amnicola (Alocinma) pulchella (Stoliczka).

1836. Paludina pulchella, Benson, Journ. Asiat. Soc., Bengal, V, p. 146.
1876, Bythinia pulchella, Hanley & Theobald, op. ci‘, p. 18, pl. xxxviii, figs.
5

b, 6.
1922. ? Digoniostoma pulchella, Baini Prashad, Rec. Ind. Mus., XXIV, p. 17

This species is a true Alocinma, but the structure of the operculum
is very liablg to be obscured by erosion or the deposit of extraneous
matter. The specimens from Manipur recorded under this specific
name by Annandale! belong to the genus Digoniostoma as stated, but
not to Stoliczka’s species.

T

1 Rec. Ind, Mus., XX1I, p. 541 (1921).
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heobald obtained shells in the Salt Range and Dr. Hora collected a
large series of living speciunens in a small stream at Watli as wellas empty
shells from Katas na:lah and Chalisa. The shells are large and well
formed.

Melanoides flavidus (Nevill), Annandale and Prashad.

1919. Melanoides pyramis var., flavida, Annandale & Prashad, Rec. Ind. Mus.,
XVIII, pp. 29, 30, 34, figs. 3b, 4d, pl. iii, fig. 6, pl. iv, fig. G.

The shape of the mouth of the ghell in this form is so distinet that
we prefer to regard it as a separate species. The columella is consider-
ably longer and less arcned than in the forms we leave in M. pyramis
and its callus is thicker and more porcellaneous. The base of the body-
whorl recedes much more abruptly on the ventral surface and the outer
lip projects far beyond the level of the columella. The form liteonicer-
ginatus has the same characters and must be regarded as a variety of
flavidus.

Many of the shells collected by Dr. Hora in the Salt Rangeare quite
typical. Others are larger than any hitherto measured and of an almost
uniform dull olivaceous colour. Unicolorous specimens of smaller size
also occur together with typical shells. The largest in the collection is
38 mm. long by 13 mm., in maximum transverse diameter. Its apex is
slightly eroded.

Dr. Hora obtained living specimens in the Katas nallah, in a small
stream at Shivganga and at Choa Saidan Shah.

The species has been known hitherto only from the desert region of
southern Baluchistan, from 8. Seistan and from Iragq.

Limnaea acuminata Lamarck.

1921, Limnaea acuminala, Annandale & Prashad, Rec. Ind. Mus., XXII, pp.
568, 569, fig. 12.

Shells from the Salt Range are mostly typical, showing congiderable
variation in shape, but not quite to the same extent as the series from the
United Provinces figured in the paper cited. None are of very large
gize and some are distinctly dwarfed, but noune exhibit any marked
abnormality in form or structure.

Specimens taken among algae and weeds growing on a rocky bottom
ih the Katas nallah have moderately thin shells of a pale luteous colour
and not exceeding 26 mm. in length and 15 mm. in maximum transverse
diameter. Those from Shivganga are similar. Shells from the banks
of a stream at Choa Saidan Shah are slightly thicker and broader in pro-
portion, while those from another stream at Dheri Jaba are very small,
thin and rather narrow, not longer than 15 mm. or broader than 6'5H
mm. Dr. Hora noted that a mineral deposit of the nature of tufa was
being formed on the bottom of this stream.

Limnaea luteola Lamarck.
1921. Limnaea luteola, Annandale & Prashad, op. cit., p. 566.

Distinct as are extreme forms of this species from those of L. wcu-
minata, many shells appear to be intermediate, and we have not been
able to find any constant difference in the radula or the soft parts.
Indeed these structures seem to be almost as liable to wvariation as the
shell. . '
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Dr. Hora obtained a good series of specimens from a stream near
Kallar Kahar.

Limnaea persica Isgel.

1919. Limnaea Jurnica. Annandale & Prashad, Rec. Ind. Mus., XVIII, p. 41,
pl. v, figs. 3—6.
Hitherto recorded only from Southern Persiaand the Baluch desert,
this species appears to have a wide range in the Himalayas and beyond.
We find numerous specimens in the collection from Peshawar, from
Bhim Tal and Naini Tal (4,500—7,000 feet)in Kumaon and also from
Secunderabad in the Deccan. Specimens froin Kumaon and from
Secunderabad have been confused with L. acuminate, with shells of
which they were mixed.
Dr. Hora obtained two living shells from a stream near Dheri
Jaba and a few dead shells on the banks of the Katas nallah.

Indoplanorbis exustus (Deshayes).

1921. Planorbis exustus, Germain, Rec, Ind, Mus., XXI, p. 26, ete., figs, 1-10
1923, bi';do{;)l(“mm bis exustus, Rao, Rec. Ind. Mus, XX pp. 199219, many
ext-figs.

Specimens from the Salt Range are of moderate gize and rather
pale eolour, but not otherwise remarkable.

Dr. Hora found the species living in 4 pond near Watli and in a
stream near Kallar Kahar. He also obtained empty shells at many
localities in the range. -

Gyraulus convexiusculus (Hutton).
Gyraulus euphraticus Mousson.

1919. Gyranlus converiusculus and Gyraulus enphmhclm Annandale & Pra-
shad, op. cit., pp. 52, 40, 53, 55, figs. e, Hf, (not 5d), 7, 8a, 8h.

These two species oceur together in the Salt Range as in so many
other localities. Several ** dead * shells of each were found on the banks

of the Katas nallah.

Gyraulus saltensie Germain.
1922, Gyranlus saltensis, Germain, op. cit., p. 127,

We assign to this species with some doubt several empty shells found
with those of the preceding two species on the banks of the Katas nallah.
The type has not yet been returned to Calcutta and no figure has
been published.

Gyraulus labiatus (Benson’.

1915. Planorbis (G raulm) lubiatus, Preston, Fauw, Brit, Ind., Fresh W.
Moll., p. 115, fig

Dr. Hora collected a large series of living specimens in the Katas
nallah. They exhibit considerable variation in the degree to which the
last whorl is deflected, but otherwise agree with Preston’s figures of the
type-specimen.

To judge from specimens recently exzmined by us, G. labiatus is
widely distributed in northern and central Inaia.
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PELECYPODA.

We are obliged to Dr. Baini Prashad for the following note on the
bivalves collected by Dr. Hora in the Salt Range :—

1. The Unionidae from Choa Saidan Sahah, Salt Range and Katas
nallah (Sta. 4) are all dead shells of the very widely distri-
buted Indonaic caerwleus (Lea). There is no complete shell
but only stray valves of different specimens.

2, The Cyrenidae from Katas nallah (Sta. 4) and Jhelum district,
are all either young or highly worn shells of the common
species Cosbicula striatellc Desh., which is also a very
widely distributed species.
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EXPLANATION OF PLATE IX.

Eulota pentepotamiensis, sp. nov.

Figs. 1, 1a, 1b.—Type-specimen, X 2.
Figs. 2. 2q.--Shell with elevated spire and narrow umbilicus, X 2.
Figs. 3, 3a—-Shell Wlth relatively depressed spire and broad umbilicus

Buliminus salsicola (Benson).
Figs. 4, 4, b, ba~~Lectotypes, X 2.

Buliminus dextrosinister, sp. nov.

Figs. 6, 6.~ Dextral shell, X 2. o
F,,’:; 7, Ta.~- Sinistral shell, X 2. } Type-specimens.

Zootecus insularis (Ehrenberg).
Fig.8.--Adult shells from the Salt Range, illustrating variability (nat-

size).
Fig. 9.- Embryo, X 4.
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FURTHER OBSERVATIONS ON THE MOLLUSCS OF THE
PUNJAB SALT RANGE

By N. ANNANDALE, D.Sc., C.L.E., F.A.8.B.
Director, Zoological Survey of India

AND

H. SRINIVASA RAO, M.A.
Late Research Assistant.

Our recent paper on the mollusca of the Salt Range (Rec. Ind. Mus.,
XXV, pp. 387-398) was founded on a collection made by Dr. Sunder Lal
Hora in the part of the range which lies east of the Indus. Dr. Hora
has recently visited the districts on both sides of that river and has
brought back a much larger collection, which enables us to correct
and supplement our former report. He found several species which
h> did not find on his previous tour. Of these the most noteworthy
are the following :-—

Bithynia tentaculata (Linn.). In great abundance at Pail,
Noshera (Salt Range) and other places on the ecast side of the
rivers ; very small but otherwise typical.

Digoniostoma cerameopoma (Benson). Several shells with speci-
mens of dmnicola (Alocinma) orcula (Benson) from places on
both sides of the Indps.

Buliminus (Subzebrinus) rufistrigatus (Reeve). A single shell
from the eastern part of the range. v
Limnaea gedrosiana A. & P. Several typical specimens from the

Namal reservoir on the east side of the Indus.

The existence of B. tentaculata and L. gedrosiana on the east side of
the Indus and south of the Himalayas is remarkable.

A reference to the occurrence of Vivipara bengalensis £. halophila in
the Salt Range should have been given in our former paper. See
Annandale, Rec. Ind. Mus., XXII, p. 277.

In addition to these species Dr. Hora obt~ined a large series of living
and preserved specimens of the form we called Kulota pentepolaniiensis
and also another of our Bulimminus dextrosinister, on the variation of
which Professor P. C. Mahalanobis contributed an interesting not:
(p. 399). The former specimens prove that we were wrong as to the
position and ideutity of our so-called Ewlota, which is a Zonitid after
all and identical with Bensonia jacquemonti (v. Martens).

The second series of B. dextrosinister is of great interest. It -
comprises a very large number of shells and specimens in spirit, including
some from the area west of the Indus. The specimens of this species
from some localities on both sides of the Indus seem to be dextral with-
out exception, while among those frorn other localities sinistral
individuals predominate,
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Bensonia jacquemonti (von Martens).

1908. Bensonia jalc;:zueqwnti (in part) and Besonia wynnii, Blanford & Godwin
Avsten, Fauna Brit. Ind. Moll. 1, pp. 174-176, fig. 62.

1923. Euli)tq pegtepotargiensia, Annandale & Rao, Rec. Ind. Mus., XXV, p. 389,
pl. 1x, figs. 1—3. .

Examination of living and preserved material proves that this is
no Helicid, in spite of its shell, while the very large series of specimens
now before us shows that our Eulota pentepotamiensis is a mere syno-
nym of Bensonia jacquemonti and also that there is a complete transi-
tion between the two forms included in our synonymy. The confusion
arose largely because two quite distinct species have been described
under the name jacquemonti, viz., Nevill's kurramensis and the species
here discussed. The anatomy agrees in general with Godwin-Austen's
ﬁgures/of that of B. jacquemonti var. kurramensis,'

The mucus-pore at the apex of the foot is relatively small and has a
circular tumid lip but no overhanging process in the living animal.
In preserved specimens, however, a process is apparent. In the radula
the number of teeth present in a transverse row is fewer than in the
type-species of Bensonia. The relative lengths of the structures in the
distal portion of the genitalia seem to vary according to their seasonal
development.

* Godwin-Austen, Land and Freshwater Moll. Ind., II, pl. xcv, fig. i (1899).
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FURTHER OBSERVATIONS ON THE AQUATIC GASTROPODS
OF THE INLE WATERSHLD

BY THE LATE DR. N. ANNANDALE, F.R.S., C.L.E.
Director
AND

H. SRINIVASA RAO, M.A.
Assistant Superintendent, Zoological Survey of Indic.

[Nearly six years ago I published an account of the .'ufunt.ic molluses of the Inlé
Lake and connected waters. My paper was based on collections made carly in 1917
by Dr. . H. Gravely and myse?f The results were so interesting, and cast so
much light on general problems of molluse-ecology and evolution, that I arranged
to pay a second visit to the same country in March, 1922, I was accompanied br
Dr. Sunder Lal Hora, Assistant Superintendent, Mr. H. Srinivasa Rao, Research
Assistant, and Babu D. N. Bagchi, Artist, in the Zoological Survey of India. To
these gentlemen, and especially to Dr. Hora, my best thanks are due. Dr. Hora
remained in the Southern Shan States after the rest of the party returned, and
made valuable additional collections, Babu D. N. Bagchi's skotches of living
molluscs have proved of great value,

The main object of oar expedition was to obtain further information about the
remarkable genus Taia, and especially about its extraordinary variability and

lasticity. This investigation was part’of one of wider scope on shell-sculpture in
Ehc Viviparidae,® but the genus wilfbc discussed merely from a taxonomic point of
view in this paper. In the course of our work on special lines we obtained much
additional information about the molluses, recent and extinet, of the district, and L
was so fortunate as to be accompanied for some time by Mr. F. W, Wadker of the
Geological Survey of Tndia, to whose assistance I owed much in studying the
various deposits of the He-Ho plain and the Hsin Dawng caves. I have to thank
Dr. L. L. Fermor, who wus acting as Director, Geological Survey of Lndia, at the
time, for permitting Mr. Walker to accompany our party. More frequent co-opera-
tion of the kind between the scientific departments of the Government of India
seemns to me highly desirable. ...}

No less than 34 species and 10 subspecies of true aguatic molluses
and 2 species of semi-aquatic habits were taken on the two visits to
the Inlé watershed. Of these, 7 species and 2 subspe cics appear to be
extinet and were found in a fossil or sunfossi! condition. No less
than 23 specics and 7 subspecies appear to be endemic in the watershed.,
Of these, 7 species and 2 subspecics were only found subfossil. In
this paper we describe 6 new species and 3 subspecies as ncew, but
several of these were obtained on the former visit, but for various
reasons werc not given names.

The recent specimens collected on the srcond visit are from all parts
of the Inlé¢ watershed except the river which flows out from the south
end of the lake, The area they represent extends from Kalaw and
Loi-an near the head waters of the Kalaw River, which enters the lake
on the western side, to Taunggyi on the hills above its north-eastern
extremity, and from the valley north of the lake to Nanpan close to the
point at which the southern river emerges.

The fossil and subfossil specimens are from four different deposits,
three of which lie in the He-Ho plain west of the lake, while the third
is on the slopes of a little valley to the north-east of Yanghwe. These
four deposits have already been described elsewhere,’ but the much

> Annandale, P’roc. Roy. Soc., XCV1, py . 60—76 (1924).
* Annandale, Rec. Geol. Sure., Ind., L,l;)}. 215, ¢ )
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richer collection made in 1922 renders it possible to discuss the shellg
found in them more fully than herctofore. Those from the peaty
superficial deposit on the He-Ho plain prove on more detailed com-
parison to be identical with the living molluscs of the valley. The
deposit is in places almost incredibly rich in shells of Taie naticoides
race intermedia, and the little streams that traverge it have their beds
covered with shells washed out from it in a profusion rarely seen
except on the sea-gshore.

This is also true of the deeper lacustrine deposit of clay at the east
end of the valley just above the gorge. The race of 7wiv represented
in it is, however, slightly different though specifically the same. We
call it 1. naticoides race lacustiis. The race distoma of Hydrobioides
nassa is also different from that found living on the plain, and this is
probably true of that of Limnaea shanensis, which is the typical form
of the species, differing in minor characters from the race suprrsfes
which survives in the Inlé Lake. There are, however, two races or
phases of this species in the deposit next to be discussed and their
geological relations are not quite clear, though both are distinct from
the living form. On the other hand Acrostoma elongatum from all
deposits is identical with the living form.

The curious bank of calcarcous particles at the head of the He-Ho
gorge, exactly resembling a sand-bank in appearance, is remarkable for
the large number of minute and fragile shells which it contains in a
perfect condition. Among those found in it in 1922 were several
hitherto not recorded from the Shan States, namely, Ferrissia bacont (a
widely distributed form), Limnaea lelicallose (a new species discovered
living at Kalaw), Seginentina taie, sp. nov.,and Intha capitis, hoth of
which survive in the Inlé valley, a new species of Camploceras,
Suceinea godivariana, a probably amphibious species hitherto recorded
only from Peninsular India, 7'ricule horae, sp. nov. and Hydrobivides
diperistona, sp. nov., which was formerly confused with H. turrita, the
type-species of the genus. Both Limnaea shanensis typica and another
form we call L. shanensis £. hehoensis oceur in this deposit, the shells, in
which are evidently of mix:d origin, some washed out of the superficial
peaty deposit of the plain, others from the old lacustrine deposit and
yet others of recent origin.

The cave-deposits in the two little limestone caves at Hsin-Dawng
were also revisited and the same species found in them, with the
addition of imperfect shells evidently representing forms of Acrostome
elongatum and the remains of a freshwater crab. The three species of,
Taia already recorded (viz., T. obesa, T. conice and 7. cylindrica)
were also rediscovered, 7. vbesa much scarcer than the other two. The
shells had cvidently been washed into the caves mainly through holes
in the roof. They uccur in one cave in a fan-shaped slope of earth
leading down from the former and in the other in the floor just inside
the mouth.

Both in living and in comparatively recent fossil freshwater
molluscs the Inlé watershed is extraordinarily rich. In spite of its
small area it actually contains more specics of living aquatic gastropods
than the whole of the plains of the Peninsular India between Peshawar
and Cape Comorin and totween the Indus and the Brahmaputra, and
some of the species are very abundant. No less than 29 species and
forms are known to us and it may be doubted whether we have yet, in’
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two short visits, completely exhausted the fauna. In the following list
those species and races only known in a fossil or subfossil condition are
marked with an asterisk: forms only known from the Inlé watershed
by a dagger :—

Pulinonata.
Succinea indica Pfeiffer., " Indoplanorbis exustus (Deshayes).
8. godivariana Gude. Gyraulus euphraticus Mousson.
*t Limnaea shanensis Annandale, G. labiatus {(Benson).
t+ L. shanensix £. superstes, nov. t G. velifer (Annandale).
*¢ L. shanensis £. hehoensis, nov, + Intha cap.'tis Anaandale.
t. L. mimetica Annandale. Segmentina caenosus (Benson).
L. luteola f. siamensis Sowerby. t 8. taia, sp. nov.
t L. laticallosa, sp. nov. *t Camptoceras, sp. nov.
L. andersoniana Nevill. Ferrisia bacon: (Bourg).
t L. physcus, sp. nov.
Prosobranchia.
*Y Tricula horae, sp. nov. t Vivipara heliciformis (Frauenfeld).
*t Hydrobioides diperistoma, sp. nov. Lecythoconcha lecythis (Benson).
. Na38a (Theo{).). 4+ Taia theobaldi (Kobelt).
H. nassa . arariz Annandale. + Taia naticoides race intermedia
+ H. nassa f. lacustris Annandale. Annandale.
1 H. nana Annandale. *+ T. naticoides race lacustris Annandale
1 H. nassa £. rivvlicola Annandale. + T shanensis (Kobelt).
+ Paranerita i)h yacus (Annandale). *t+ T. obesa Annandale.
+ Amnicola alticola Annandale. + T. crassicallosa, sp. nov.
Melanoides tuberculatus (Muller). *t+ T. conica Aunandale.
M. scaber (Muller). *+ T. cylindrica Annandale.
¢+ Acrostoma elongatum (Annandale). + T. elitoralis Annandale.
t+ A. elongamm f. planicostata, nov. ¢+ T. intha Annandale.
A. variabile (Benson). Pila conica var. compacta (Reeve).

Genus Limnaea (auctorum).

The genus is remarkably well represented in the He-Ho plain and
the Inlé watershed, for no less than six living;, species have been found
in this area, whereas only three are known from the whole of Penin-
sular India if we exclude the Punjab Salt Rangec into which certain
Palearctic forms intrude. These six species, however, are quite
distinct and most of them are not at all closely related the one to the
other.

The Limnaea-fauna of this district exhibits affinities both with
that of Peninsular India and with that of Indo-China. Of the six
species one represented by a Burmese and Siamese race is conspecific
with a common Indian mollusc. This is L. luteola £. siamensis. The
race occurs both in Upper and in Lower Burma ana also in Tenasserim.
Four species are known only from the district under discussion, viz., L.
physcus and L. laticallosa, both described here for the first time, L.
mimetica, a true lacustrine form from the lake, and L. shanensis, the
typical form of which is apparently extinct, but is represented in the
living fauna by the race superstes. Finally, L. andersoniana has a
range that extends from Western China through the hill country of
Burma to Manipur in Assam on the onc hand and the Nepal Hima-
layas and Kashgar in Central Asia on the other. This species is closely
allied to the Palsarctic, L. truncatula.
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Key to the species of Limnaea known from the Shan Plateaw.

1. Columellar fold exceﬁtionally broad and coarse,
occluding the’ umbilicus on the ventral sur-
face of the shell. Umbilicus often visible
from the dorsal surface.

A. Shell not exceeding 16 mm. in length with 5

whorls, very variable in shape v« L, andernonioya.
B. Shell over 16 mm. long, with 6 whorls, of a
regular narrowly ovate form we  « L. laticallosa.

2. Columellar fold normally developed. Umbilicus
never visible on the dorsal surface.

A, Spire not depressed, almost or quite as high
as broad. Body-whorl much narrower, but
not tapering in front ... " . <o L. physcus.

B. Spire not depressed at the base, more than
twice as broad. Body-whorl much nar-
rower but not tapering in front.

(1) Columellar callus narrow  Spire situat-
ed asymmet-ricnl‘l]y towards the left »
side of the hody-whorl, which is
oblique,

(«) Spire much reduced, blunt at the
apex, shell not more than 7
mm. long, colourless, very
fragile .., .

(b) Spire sharply pointed, short but
well developed. Shell ut leant
9 mm. long, coloured, less
fragile ... .

(it) Columellar callus broad. Spire situated
symmetrically on the middle of the
body-whorl, which is not at all very
oblique. Whole shell of a narrowly
oval form wo o e Lilnteolu £, siamensiy,

L. mimetica

L. shanensis.

Limnaea physcus, sp. nov.

1918. Limnaea ? prox. oralis, Annandale, op. cit., p. 111,

Two living specimens, one adult and one young, of a species,
apparently identical with the fossil or subfossil form cited above were
discovered by Dr. Sunder Lal Hora in a railway reservoir near He-Ho.
They arg more globose than that form, but otherwise agree with it, so
far as can be seen in the imperfect condition of the fossil shells. The
species seems to be quite distinet and may be defined as follows :—

Shell small, cordiform. with a very small, sharp spire, delicate,
transparvent, horn-coloured, decorated with fine longitudinal striae,
without spiral sculpture, with an oily lustre, Spire consisting of 24
short transverse whorls, minut ly and obliquely truncate at the apex ;
the whorls not at all swollen, with their cutlines almost straight but
sloping outwards, the second at least three times as long as the apical
comj lete whorl, much narrower than the upper extremity of the hody-
whorl and situated towards its inner margin ; the suture moderately
impressed. The body-whorl relatively very large, oblique, tapering in
front to a blunt point, with the outer margin as seen in dorsal view
forming a regular curve of less than a semi circle and the inner margin
strongly sinuate ; the dorsal surface highly convex. The aperture very
large but not expanded, auriculate, pointed and introverted above,
narrowly rouynded below, The columella twisted and curved ; its
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callus delicate but rather broad completely occluding the umbilicus,
meeting the outer lip above. The outer lip curved, very delicate. The
ventral surface of the whorl highly convex in it® upper half.

Owing toan accident the soft parts of the only adult recent specimen
were destroyed. The shell occurs very rarely in the lacustrine deposit
of clay on the banks of the He-Ho river and was not found in the sandy
mud at #he head of the gorge, probably on account of its fragility which
would render its transport in the river difficult and improbable.

Measurements (in millimeters) of type-specimen.

Height of Height of Maximum breadth  Maximum breadth
shell. aperture, of shell. of aperture,
84 72 65 42
12045

Type-specimen —No, M. 5~ Zool. Surv. Ind. (Ind. Mus.).

The species scems to be allied to some of the Palearctic forms of
the peregra group, but is very distinet from any Indian form hitherto
described.

The species is only known at present from the He-Ho plain (alt.
3,800 ft.) in the Southern Shan States.

Limnaea laticallosa, sp. nov.
This is a specics resembling the stream form of [.. «ndersoniana'.

But with a larger shell, more numerous whorls, a still better
developed columellar fold, a distinct flattening of the whorls outside the
guture and less numerous radular tecth, It also appears to be related to
I.. crosseana® from Cambodia and Tonquin and resembles some
specimens of that species more closely than«it does the original figure,
but has the shell thicker, the columellar fold and callus much better
developed, the mouth of the shell more expanded on the outer side,
the umbilicus open on the dorsal surface (though occluded on the
ventral) and the sculpture much better developed.

The shell is of moderate size, somewhat clongate and rather narrow,
sharply acuminate to the naked eye, moderately thin, translucent, of a
horny brown colour and sculptured with irregular longitudinal
striac interrupted at intervals by spiral decussate lines, with an oily
lustre on the surface.

The shape is narrowly ovate with the spire well exerted,
comparatively long, placed vertically on the middle of the body-whorl
and oceupy from about 4 to nearly a 3 of the lenglu of the shell. There
are six complete whorls; they increage gradually and evenly in size.
The suture is imjressed and a little oblique, especially on the dorsal
surface. The upper extremities of the whorls are narrowly and
slightly, obliquely flattened outside it much as in the shell of
L. truncatula, The body-whopl ig distinetly spiral and the umbilicus or
rather a channel leading to it, is visible on the dorsal surface in the form

! Annandale & Prashad, Rec. Ind. Mus., XXH, .‘576. pl. viii, figs. 4, 5 (1921,
. ' Mabille J.md le Mcsle. Journ. de conchyl. (3), KIV, p 130, pl. vii, fig. b (1866),
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of a pinhole. The callus and the columellar fold cover a considerable
part of the ventral surface of the body-whorl and are coarse,
longitudinally striate and lustrons. The columella is strongly twisted
and almost vertical. The outer lip is thin and has a somewhat
flattened curve. It is not at all introverted above. The aperture
as a whole has a distinctly auriculate form and is somewhat dilated
outwards below; above it is sharply pointed. The peristome is
complete.

Measirenients (in nillineters) of 1ype-specimen.

Height of Height of Maximum breadth Maximum breadth
shell. aperture, of shell, of aperture.

157 97 84 49

The jaw is very characteristic. The maxilla is narrowly biconvex
with a transverse ridge in the middle, and the lateral pieces are long
and tapering and distinctly fimbriate on the inner surface.

The radula is also very characteristic. The cusps of all the teeth are
remarkably long and narrow, especially as regards the mesocone.
Some of the laterals are bicuspid but the first is always tricuspid. The
peculiar shape of the teeth is shown in the figure. The approximate
dental formula is 19, 8. 1. 8. 19.

The genitalia offer no very striking peculiarity. In two specimens
examined the spermatheca is remarkably large and of subtriangular
outline. Its duct is long and somewhat swollen just before entering
the sac. In these specimens the penis is very slender and the prostate
small and heart-shaped.

The animal (in spirit) is of a leaden grey colour, with the tentacles
broadly triangular and the .mal funnel exceptionally prominent.

Type-specimens.—No. M. 295 7001, Surv. Ind. (Ind. Mus.).

A large series of shells and specimens in spirit was obtained by
Dr. Hora from a small rese:voir used for horticulture above Kalaw' at
an altitude of abhout 4,500 ft. The water was clear, the bottom
muddy ; there were no water plants.

Limnaea luteola Lamarck.

This is one of the cowmmonest and most widely distributed of
the Indian species, but se~eral forms can be distinguished. The
common Burmese race, for the study of which abundant material is
before us from Tenasserim, Pegu, Upper Burma and the Southern Shan
States, is evidently identical with Sowerby’s L. siamensis. In India
and Ceylon at least four forms may be distinguished if sufficient
material be examined, but only two of these can be regarded as well
established races, namely the forma typica (with its phases or varieties
succinee Deshayes and impura Troschel) in India and the subspecie
«ustralis, nov. in Ceylon and parts of Peninsular India. Specimen
from Kulu in the Western Himalayas are quite typical. Nevile

)} Kalaw is situated some little distance west of the He-Ho plain on a small
wiream that ultimately flows ‘ntu the Inlé Lake after procee ing some miles
nnderground.

13
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recognized the Burmese form as a distinet variety but did not give it a
name, The five forms may be distinguished as follows :—

I. Length of shell usually more than 20 mm., shell
somewhat elongate with the body-whorl sub-
cylindrical and a little compressed--

A Shell with pale longitudinal stripes mode-

rately thin . Forma typica.
B. Shell pale, without longitudinal stripes, thin, Succinea

11. Shell less than 20 mm.. in length : body-whorl
not subeylindrical.

. Shell rather short, ovate we dngpra.
B. Shell more elongate.

(i) Body-whorl bilaterally a symmetrical in

ventral view v dustralis),
(ii) Body whorl almost bilaterally symme-
trical o . . s we Siamensis.

Race siamensis Sowerby.

1873, Limnaea siamensis Sowerby in Reeve, op. cit., sp 63, pl. x.
1878 Limnacus luteolus var. Nevill, Hand List Moll. Ind. Mus , 1, p. 233,

The most characteristic feature of this race is noted in the key.
The shell never exceeds 16 mm. in length and is usually about 13
times as high as broad. It differs greatly in colour and thickness
in different localities and types of environment. Speciiens from the
Royal Lakes in Rangoon wre small, with thin, pale lutescent shells : but
Dr. Marshall has sent from the same city a much brighter rather larger
and thicker specimen. Those obtained from a muddy pool used for
Jdomestic purposes at He-Ho arce thicker and have a solid appearance.
The natural colour ig dull lutescent, but there is a thin black deposit
on the surface and the spire is eroded.

The animal is always rather dark. The tentacles are large and
triangular ; the lips normal, the oval funnel is exceptionally well
developed. It will be better to defer any description of the anatomy
until a comparative account of the soft parts of the different races can be
prepared.  The radular formula is approximatoly 16. 7. 1. 7. 16.

This form provides a link (both geogravhical and structural) with
the Malayan L. jevanice. The shell, however, differs in that the
body-whorl is always narrow, with the aperture less dilated, and
the spire relatively broader and not so tapering.

Family PLANORBIDAE.

Subfamily Planorbinae.
1922, Planorbinae, Annandale, Rec. Ind. Mus., XXIV, p. 358.

Like the Limnaeidae this subfamily is also represented by several
species in our recent collection.  All but one of t' 2se were also taken on
the first visit to the Shan States, but the identifications were not-
correct.

Unlike the Limnaetdae, the Planorbidae offer good generic
characters of an anatomical nature, and the seven species can be
distributed into four genera which are well defined both on such
characters and also conchologically. These four genera are Indoplec-
norbis Annandale and Prashad, Gyrawius Agassiz, Segmentina Fleming

19
! Australis is the name we propose for pinguis Dohrn, preoccupied.
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and Intha Annandale, the last being a genus recently described from
our Shan collection. ’

Genus Indoplanorbis Annandale,
1922, Ladoplanorbis, Annandale, Ree, Lud, Mus., XX1V, p. 360,

Indoplanorbis exustus (Deshayes).
1918, Planorbis exustus, Annandale, Ree, Iud. Mus., XIV, p. 111, pl. xi, figs.

1, 1a,
1921, Plunorb’s (Pla-wrbis) ecustns, Germain, Ree. Ind, Mus., XXT, p 26, ligs.
1—11 and 13—16.

1923, Tudoplanorbes ecustus, Rao, Ree, Ind. Mus,, XXV, pp 199--219, {ext.figs.
1 3a.4=7, and 9--14.

Common in the marginal zone of the Inl¢ Lake and also on the He-
o plain. Shells from this district are usually of moderate size and
regular form, with fine and rvegular sculpture and of a chestnut-brown
colour,

Genus Gyraulus Agassiz.

1922, Gyraulus, Annandale. op. cil., p. 361,

Gyraulus convexiusculus (Hutton).

VOIR, Planorbis saigonensis (). Annandale op. eit., p. 112, pl. xi, tig, 12,

It is to this species and not to C. ewphraticus Mousson that shells

from the sand-like deposit on the He-Ho gorge belong., A tew living
specimens were also taken in the marginal zone of the Inlé Lake.

Gyraulus velifer (Annandale).
1R, Planorbis relifer, annandale, op. ed.. p. 112, pl. xi, figs. 7—-11.

The species is closely allied to (. converiusculus and G. euphraticus
but differs from both in its more delicate shell, in the different shape of
the mouth of the shell, which is much more expanded, in possessing a
thin but distinet callous deposit on both lips and in the very pale colour
of its blood'. Tt is by no means confined to the Inlé Lake as was
formerly thought, but is also found in ponds and canals in other parts
of the valley and subfossil in the sand-like deposit of the He-Ho gorge.
The opaque subfossil shells can he recognized by their expanded mouths
and by the deposit ¢ 1 their lips, which is particularly distinet in them
owing to its polished surface. We figure the living animal from draw-
ings made by Babu D. N. Bagchi in the Southern Shan States. Indi-
vidnals from the lake are often quite colourless. Sometimes they have
a black line running along each tentacle and occasionally the whole of
the surface of the hody is suffused with black pigment. The shcll is
always hyaline and colourless. Specimens from the canal at Yawnghwe
are darker and their shell is usually tinted of a pale yellowish colour.

1 See Annandase, Rec. Ind. Mus., XXTV, p. 308 (1922).
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As Annandale has pointed out elsewhere (op. cit., 1922), the blood is
slightly pinker in such individuals than in those from the lake,

F16. 1,— Gyranlus velifer (Annandale).
A. Dorsal view of living animal in an expanded state.
B. Ventral view of same.

b. bacterial velum ; 4. intestine ; /. pulmonary chamber ; /i. liver ; m. edge of
mantle ; p. pseudobranch; ». ventricle,

Gyraulus labiatus (Benson).

1915, Planorbis (Gyraulus) labiatus, Preston, Favn. Brit, Ind., Freshw. Moll.,
p- 119, fig. 5.

Several shells from the sand-like deposit at the He-Ho gorge belong
to this species. They agree exactly with the figures of Benson’s types
in the work cited. The whitish ridge on the inner surface of the lip is
very well developed in them', but the departure of the last whorl from
its axis is less marked than in specimens from Calcutta, Mettupalaivam
(S. India) and the Centtal Provinces, The Shon specimens are also
smaller.

Genus Segmentina Fleming.'
1922, Segmentina, Annandale, op. cit., p. 362.

The two species Annandale identifiel in 1918 were, as we now
believe, both identified incorrectly. One of them appears to be the true
Cuenosus of Benson, the other new. '

Segmentina caenosus (Bensun).

1876, Planorbis caenosus, Hanley and Theobald, Conch, Indi., pl 39, figs 7-8.
1018, Planorbis calathus, Annandale (nec Benson;, op. cit., p. 113.

The specimens examined by Annandale in 1918 were young. The
adult shell which is not uncommon in the Inlé valley and occurs sub-
fossil at the He-Ho gorge, is much less transparent than that of S, calathus

! The ridge appears to be well formed in adu!t shells in which the growth of
the lip is complete, while it varies in prominence in younger specimens,
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and the internal ridges are not so well developed.  In some specimens,
indeed, they are difficult to detect.  The size of the imbilicus iy also a
good character. The Llood is of a much deeper red than it ever is in
Qyravlus velifer.

Segmentina taia, sp. nov.
1918. Planorbis caenosus, Aunandale (nec Benson), op. cit., p. 113.

The shell is conoidal, flattened below, and concave at the apex above.
The last whorl slopes ahruptly towards the ventral surface. Four and
a half gradually increasing whorls are seen from above. The ventral
surface of the shell when scen from below though flat in appearance is
slightly convex along the middle of the last whorl. The umbilicus is

Fi16. 2.—Seymenlina taia, Sp nov.

minute and occluded and is in the form of a shallow pit. The internal
ridges of the shell are visible from below in adult shells, while in young
shells they are scen from both surfaces. A faint fourth ridge is often
visible on the side nearest “o the aperture. In ventral view the aperture
has a quadrate appearance while from the sides it is obliquely hastate in
outline. The narrow end of the mouth never extends much beyond the
level of the opposite extremity of the last whorl. The ventral margin
of the peristome is almost straight and joing the strongly arched and
convex dorsal margin at its outer extremity. The dorsal margin of the
mouth overhangs the ventral considerably in front., The seunlpture con-
sists of fine longitudinal obiique striac.  The adult shell is of a yellowish
brown colour, while young shells are paler.

Measurements (in millimelers) of Lype specimen.

Greatest diameter Height of  Greatest height Greatest breadth
of shell. shell. of aperture, of aperture.

30 14 07 15
Anatomy 1.—The jaw consists of a single narrow chitinous strip bent
_in the form of an inverted U and is distinctly segmented. The radula

VRno, H. 8., Ree. Ind. Mux.. XXV, pp. 203, 205, 210, 216 and 217 (1923).
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is a narrow ribbon with minute teeth. The intestine is long and surs
rounds the liver more or l.ss completely. The pseudobranch is absent.
The genitalia agrce with those of Gyruuwlus in general structure and
arrangement but differ in the absence of a bulbous swelling to the penis-
sheath, and of a penial stylet.

Living specimens of this species were found in the marginal zone of
the western shore of the Inlé Lake and in the canal at Yawnghwe, S.
Shan States. Specimens from the latier locality are smaller and paler.

This species is closely allied to 8. celathus (Benson) from which it
can be distinguished by its more pronounced conoidal form by the
gradually incrcasing size of the whorls, by the sides of the keel forming
a small angle (due to extreme flattening), by the straight lower margin
of the peristome (which in N. cdrethus is coneave), by its greatly arched
upper margin, and by the occluded umbilicus.

Type-specimen.—M. 13'2—“—’! Zool. Surv. Ind. (Tnd. Mus.).

Intha capitis Annandale.

1918, Plunorhis trochoidens, Annandale (vee Benson), op. cit,, p. 113.

Living individuals of this species occur
commonly in the central and marginal zones
of the Inlé Lake, and subfossil shells in the
sand-like deposit on the He-Ho gorge.

A further examination of the genitalia of
this minute species shows that they do not
belong to type 1 as stated in the original
deseription of the genus (op. ¢it., p. 559, 1922),
but agree rather with those of Segientina.
There are, however, no ear-like proc. sses above
the penial sheath. There is no penial stylet.
Details are difticnle to distingnish on account
of the minute size of the structures and the
highly contracted state  of  the material
examined.

This species is named after Mr. W. R.
Head, Assistant Snuperintendent, Yawnghwe,
in 1922, to whom we were greatly indebted for

Fii.3 —Type specimen much assistance during our tour in the
of Intha capitis Annandale Yawnghwe State.
from Inle Lake.

Genus Camptoceras Benson.

1922. Camploceras, Annandale, op. eit., p. 363

Camptoceras sp.

Several specimens of a new species allied to C. terebra were found .
in the granular calcareous deposit on the He-Ho gorge. They have
been submitted to Dr. Germain for description.
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Fam. ANCYLIDAE.

Genus Ferrissia Walker.

In their recent revision of tite Indian Ancylidae ' Annandale and
Prashad treated Fesrrissic as a subgenus of A neylus, and we still believe
that they were right in doing so on theoretical grounds ; but a practical
objection arises owing to the difficulty of deciding what will tinally be
accepterd as the type species of Awcylus. We are in full agreement
with those who claim that two distinet genera are represented by the
two British species of the family (Jaeustris and fluviatilis) but which
should be regarded as a genotype of A weylus is another matter, which
we leave to the experts on nomenclature to discuss. We therefore
accept Ferrissic as a genus pending final agreement on this point,
merely claiming its very close relationship to ™ Aneylus.”

Ferrissia baconi (Bourg).

1921, Aweqlus (Fervissia) baroni, Annandale and Prashad, Ree. Ind. Mus.,
XXIT. p. H92.

Several shells were found in the sand-like deposit at the head of the
He-Ho gorge. The range of the species is believed to extend from
Bengal to Japan.

Ifamn. RISSOIDAK.

Genus Hydrobioides Nevill.

1884, Hydrobioides (subgenus of  Bithynia), Nevill, Hawd List Moll, Ind,
Mus, 11, p. 42,

1018, Hydrobioides, Annandale, op. ¢it,, p. 117,

1924, T ydrobivides. Annandale, Proc. Mal. Soc. Loudon, XV, p, 28,

As former descriptions of the genus have proved inadequate for its
recognition, a more detailed diagnosis is necessary.

The shell of the genus is always rather thick and of a narrowly
ovate or turrited form. It is of small or moderate size. The
umbilicus is closed or almost so and there is no channel leading
downwards from 1t towards the lip. The lip itself is thickened near
the margin, but the actual margin is wsually somewhat attenuate, the
thickening, which is often visible externally and always well developed
internally, is really a kind >f varix. but must not be confused with the
much more prominent varix that often occurs above it. In addition to
being attenuate the lip is more or less expanded outwards in its lower
part. The outer thi~kening forms a ridge inside the shell against which
the operculum rests when withdrawn. It is only in growing shells,
therefore, that the operculum can he pulled far into the ayerture. The
columellar callus forms a narrowly flattened and expanded fold which
usually occludes the narrow umbilicus.

The operculum is thick and shelly, with a thin outer horny
covering. Inthe very young shell its structure is distinctly paucispiral
and the nucleus is situated towards the inr.er margin near the middle

' Annandale & Prashad, Rec. Jud. Mus., XXII, p. 588 (1921).
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point; but in the adult the spiral figure bhecomes obsolete and the
external sculpture is concentrie, while the internal surface is smooth.

The anatomy is very similar to that of Bithyni.

Hydrobioides differs from A mnicole in the structure of the lip, the
operculum (vide pl. xiv, Rec. Ind. Mus., XIV, 1918) and of the male
organ ! ; from Digonivstonma, to which it is closely allied, the chief
difference lies in the structure of the mouth of the shell. In the former
genus the lip is not so much thickened, the umbilicus is usually more
open and is always connected with a channel that runs on the surface
of the shell obliquely downwards towards the hp, while the callus is
narrow dll(l more ridge-like.

Annanddle ? has recently proposcd a division of Hydrobivides into
two subgenera, viz., Hydrobioides 8.8. and Parafossarulus. The latter,
which has its headquarters in China but also occurs in Burma, has no
varix on the lip and is somectimes ornamented with spiral shell-
sculpture.

Subgenus Hydrobioides Nevill.

Hydrobioides diperistoma sp. nov.
1918, Hydrobioides turvita, Annandale (vec Blanford), op. cit., p. 117,

The shell is small and thick with the spire conical, slightly longer
than the inner margin of the body-whorl but much shorter than the
outer margin.  The body-whorl is markedly sinuate in outline and the
anterior lobe as seen in dorsal view is remarkably well developed and
distinet. The whorl is sub-carinate, with a blunt ridge running round
the periphery. The ridge marks the termination of the inner margin
of the body-whorl in dorsal view. In ventral view the truc spire is
half as long as the body-whorl, to the lower part of which the aperture
is appended as a kind of projection.  The structure of the peristome is

i highly peculiar, but may ke taken
to represent that typical of the
genus 10 its highest development.
There are indeed two peristomes.
The inner of these is  com-
paratively  small, ovate and
oblique. It is defined by a narrow
but prominent ridge which is
particularly conspicuous on the
. internal surface of the outer lip.

Fre. ‘.ype wpecimen of Hydro- This peristome, which .for'ms the
bioides diperistoma 8p. nov. true mouth of the shell is situated
within another of much larger size,

less oblique and of different shape. The outer peristome is continued
above the inner and is sharply pointed at the apex, leaving a distinet
triangular arca between the two. Thelipis broadly expanded beyond
the inner peristome, especially in the anterior region and is somewhat
thickened. Its outer margin is.a little sinuous but almost parallel to
the columc-llar callus whlch is qmte straight. The callus is rather

! Ammudale & Pmshad Rec. [nd. M:m, XVIII p 29, fig. 2.
¢ Annandale, ’roc, Mal Soc, London, XV1, p. 2
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broad and well developed, especially above the rimate umbilicus which
is completely closed. Above it meets the outer lip without becoming
narrower.

Measurements (in millimeters) of type-specimen.

Height of Height of Maximum breadth Maximum breadth
shell. aperture. of shell, of aperture.
520 2:35 300 170
12459
T_/p('-specwwns.—-M =g — Zool. Surv. Ind. (Ind. Mus.).

The double peristome of this form is much more distinct than in the
true H. turrite (Blanford), which is figured by Nevill in Journ, As.
Soe. Bengal, L (2), pl. vi, fig. 15.

The shells were found in large numbers in a sub-fossil condition in
the deposit at the head of the He-Ho gorge. No living spocimens were
found.

Hydrobioides nassa (Theobald).

1918, ITz/d:abaoulm nassa_(with subspp.) and H, awm.r Amnandale, op. cit.,
pp- 118, 120, pl. xiii, figs. 1—7 ; pl. xiv, figs. 3, 4.

Key to the phases of Hydrobioides nassa (Theohald).

1. Varix on lip of shell dpom'ly developed e Avarie
2. Varix well develope

A. Varix almost confluent with thickened edge
of lip, scp.;nted melely by a narrow
groove o « Distoma.

B. Varix sep'u'lted from edge of llp by a
flattened area.
(1) EdFe of lip only slightly thickened;
ell comp'u"mvely thin Rurulicola,
(i) Edﬁe of lip distinetly thickened ; shell

(@) Flattencd area between edge of

lip and varix at least 1{3 as

h.oad as diameter of the shell.  Lacwustris,
(b) Flattened area much narrower... 7ypica,

In specimens of the form «rarie traces of a varix close to the edge
of the lip can be distinguished in a good light and in some it is fairly
well developed. We found this form abundant in a warm spring the
temperaturo of which was, at 7 o’clock in the morning, 27°C, while that
of the air was 17°.6 C.

Shells of the formea lypica have recently been presented to the
Indian Muscum by Mr. 4. R. le B. Tomlin labelled as Pm-hu(lrobm
paradora Crosse & F.scher. They are from the Mekong. The two
gpecies resemble one another so far as the shell is concerned, but the
operculum, radula and male organ are very different.

Subgenus Parafossarulus Annandale.
1924, Parafossarulus, Annandale, op. cit., p. 28.
Hydrobivides nana, Annandale (op. cit., p. 121, pl. xiv, fig. 3, 1918)

belongs to this subgenus. Shells are not uncommon in the deposit
ahove the He-Ho gorge,

14
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In form and colouration the animal differs somewhat from that
of H. nassa. The foot is very narrow and tapers behind to a fine point.
In front it is truncate with the lateral angles evenly rounded and not

J/-
(=

¥i16. 5.—Hydrobioides nana Annandale, Living animal,

at all prominent. The snout is short and rather narrow and appears
either bilobed or pointed in accordance with the position from which it
is seen. The tentacles are very long and narrow and sharply pointed,
with the minute eyes situated on them at some distance from their point
of origin. The colour of the exposed parts is white or grey with a
conspicuous yellow or red blotch behind each eve. The tentacles are
spotted with black and the snout is sometimes infuscate.

Genus Amnicola Gould & Haldeman.

Subgenus Alocinma Annandale & Prashad.
1919. Alocinma, Annandale & P’rashad, Rec, Ind Mus , XVIII, p. 23.

Amnicola alticola (Annandale).

1918. Amunicola alticola, Annandale, op. cit, p 122, pl. xiv, fj‘gs 6, Ga.
1919. Amuicola (alocinma) alticola, Annandale & Prashad, op. cif,, p. 24,

fig. 1-B.

Genus Paranerita Annandale.

1920, Paranerita, Annandale, Rec. Ind. Mus., X1X, p. 4.
1921. Paranrerita, Annandale & !'rashad, Ree, Ind Mus., XXII, p 4.

Paranerita physcus {Annandale).

1018. Hydrobioides physeus, Anmandale, op. c¢it., p. 121, pl. xiii, figs. 8, 8a,
9; pl. xiv, figs 5, 5a.

Genus Tricula Benson.

1921. Tricula (in part), Prashad, Rec. Ind Mus,, XXII, p 67.
1924, Tricula, Annandale, Amer. Journ. Hygiene, Monogiaphic Series, No. 3,
p. 278.

Tricula horae sp. nov.

Shell narrowly ovate, sub-turrited with 5 to 6 whorls. Spire
occupying in dorsal view a little more than half the total length. Apex
blunt, mamillate. Outline of shell regvlér and very little broken by
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the suture, which is slicht!y impressed and transverse, whorls of the
spire incrcasing gradually and cvenly, the lateral outlines straight and

T

s
F1i. 6.—Shells of Tricula horae, sp. nov.

not very oblique.  Body-whorl occupying nearly half the length of the
sirell, ag scen in dorsel view with the outer margin much longer than
the inncer, which is evenly rounded.  The anterior lobe of the <hell in
this view not greatly accentuated.  On the ventral surface the whorl is
slightly convex in its upper part with a slight indication of a peripheral
keel, below which it recedes rapidly.  The aperture is subtriangular
and oblique, sharply pointed above and a little expanded below. The
outer lip is thin but slightly callous, highly convex downwards and
generally having a sinuate outline.  The peristome is complete and the
callus is well developed in the form of a narrowly flattened ridge con-
tinuous at the lip and completely closing the imbilicus.  The interior
of the mouth is finely polished.  The external structure consists of faint
longitudinal strine.  In a subfossil state the shells have a poreellaneous
appearance and sometimes retain faint traces of an olivaccous colour.
The operculum has disappeared.

Josireme:ts Guomdllimeters) of Lype-speciinen.,

Height of Height of Maximum breadth  MaXimum breadth
shell aperture, of shell. of aperture.
2778 105 1"10 0°6Y

. 2400 , . .
- Lype-specineen~—M. 5;7 Zool. surv, Ind. (Lnd. Mus.).
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Shells are common in the deposit at the head of the He-Ho gorge

but we did not find the species alive.

From the shells of Z'ricula montana, the t, pe species of the genus,
those of Z'ricula horae are distinguished by the larger body-whorl and
by the structure of the lip.

Family MELANIIDAE.

Genus Acrostoma Brot.
1921. Acrostoma, Annandale, Rece Ind, Mus., XXV, p. 509.

Acrostoma elongatum (Annandale).

1918. Mézlmt;a l;u:ca.m subsp. elongata, Annandale, op. cit,, p. 115, pl. xii,
gs. 3-1.
2, Melania persculpta, Ehrmann, Sitzungsber. Natuf.-Ges. zu Leipzig, 1X,
p- 18, fig. 8 in plate,

19

19:

Several shells with a thick calcareous deposit were obtained in the
stream at Tai-0, Yawnghwe State. The species is commonly found-
living in swamps on the He-Ho plain. We also obtained several shells
from a clay-pit one mile above the He-Ho gorge.

The radular teeth are not unlike those of Acrostoma variehilis
(Benson), but the large middle cusp of the laterals is much better
developed than in the latter species and the median cusp on the central
is somewhat blunt.

Acrostoma elongatum f. planicostata, nov.

This form of which we have a recent specimen from He-Ho and a
fossil shell from the Hsin Dawng Caves, is distinguished by the fact
that it has well developed vertical ribs on its whorls and that the two
rows of tubercles and the spiral ridges surrounding them are obsolete.
Traces of the tubercles can, however, be scen in a good light. The two
shells we have examined are small, that from the Hsin Dawng Cave is
incomplete at the apex of the spire, while the living specimen from
He-Ho is, unfortunately, broken.

The latter is paler in colour than most specimens of the species and
has a well-marked spiral band of a dark brown colour running round
the whovls.

We have a fossil specimen with two rows of tubercles from the
IIsin Dawng Cave.

We have been able to extract the radula from the specimen obtained
at He-Ho. The radular teeth do not differ from those of dcrostoma
elongalun: £. typica.

The specics is so variable in details of sculputure (although less so
in its general character than any othevs) that it secems unnecessary to
regard Adcrostoma elongatum £. persculpte Ehrmann as distinct.

The range of the specis extends from the headwaters of the Kalaw
stream at Loi-an through the He-Ho plain do vn to its entrance into the
Inlé Lake on its western shore,
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Melanoides tuberculatus (Muller).

1918. J[c}ilwziu tuberculata, Annandale, op, c¢it., p. 114 & pp. 155-156, pl. xi1,
gs. 1-2,

Kight large shells of this species were obtained in a clay-pit one
mile above the He-Ho gorge along with shells of derostoma elongatum.
They are of the same size as the specimens obtained in our previous
visit in a ridge of recent tufa on the He-Ho plain, and agree with the
Shan species figured as Melanic pyramis var. adspersa by Hanley &
Theobald' exceept that the mouth is relatively small and not expanded.

Melania terebra Benson.
1918, Meluni terebra, Annandale, op, cit,, p. 115, pl. aii, fig. 9.

We obtained no individuals of this species unless an incomplete
smooth shell from the Hgin Dawng Cave deposit, that we took along
with A. eloiegatiim, represents it.

Fam. VIVIPARIDAE,
Genus Vivipara Montfort.

The only specimen of this genus we have from the 8, Shan States is
a shell of 1. heliciformis® Frauenfeld collected by Dr. 8. L. Hora at
Kalaw near the head-waters of the stream which enters the Inlé Lake
on the west side. This shell and the single specimen of Leeythoconcha
lecythis colleeted in the Inlé Lake on the first visit are the only
Viviparidae other than Zwic we have seen from the Tnlé system.

Genus Taia Annandale.

LR, Twia, Anmandale, op. it pp. 123, 160,
1024, Taia, id., Lroe. Boy. Soe. London B, XCVI, p. 60,

One of the main objects of our visit to the Shan States in 1922
was to obtain further information about this interesting genus and a
large additional colleetion of shells and preserved material was made,

The characteristic anatomical features of the genus are these :—

(¢) the head of the animal is relatively larger than in Viedpaire
and has the eyes almost completely sessile

(h) the edge of the mantle is more muscular, though there is no
greatly enlarged sphincter, and the margin is frequently produced into
broad, highly contractile lobes ‘correlated with the shell-sculpture ® ;
there is also a broad lobe corresponding to the thickened columellar
callus ; .
(¢) the marginal teeth of the radula are relatively narrow ;

(d) the inner wall of the stomach is thrown into transverse folds,
which are frequently chitinized ;

1 Hanley and Theobald, Conchologia Dudica, p. 45, pl. cx, fig. 4 (1876).

3 Kobelt perpetuates the erroneous belief that this is an African species in his
monograph on * Paludina” in the Conch. Cub. (1909), p. 172. Cf. Hanley and
Theobald, Conch. Ind., p. 53 (1876).

3 Annandale, 2roc, Koy, Sve., XCVI, p. 67, fig, 5 (1924).
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(¢) the central nervous system is relatively very large, with broad
ganglia and greatly thickened commissures ;

Fii. T—Uterus of species of Tda cut open to show the form and disposition of
embryos and ova.

A T erassicallosa.
B T shanensix,
C. T. intha.
D. T. naticoides £ intermedia.
ap anal papilla s et clenidium ;e ova: ew. embryo ;£ oot fu. folds of
uterus A head ; 4. kidney ; » uterus. 'Lhe dotted line l'lzom_}u. should reach the
folds shown behind the anal papilla wp.

(f) the uterus containg only a small number of embryos, which
are more fully developed at birth than in Vieipara

(y) the gill-filaments wre high and narrow with a short base of
attachment.

The question of the relative fertility of the different’ species has
been considered by Annandale (7o, Roy. Soe. XCVI, p. 70, 1924) in
reference to their evolution.  An interesting point in this connexion is
the proportionate numbers of the sexes, for we have to consider the
number of developed embryos and not merely that of unfertilized ova.
In 7T, naticoides f. intermedic only four males were found among 25
individualg : in 7% erassicallosa there were 4 malis to ¢ females ; in
1. inthe 22 males to 27 females ;5 in 7. <hanensis 18 males to’ 14
females 3 in 7% elitoralis 10 males to 4 females. The numbers of
individuals are small, but it wounld appear that while in the two species
which live in streams or in paludine conditions the numbcr of £ males
predominates over that of males, while the o) posite is the condition in
lacustrine and cven paludine forms. There is thus further evidence
for the reduction in fertility of the latter,

The examination of much further matevial renders it necessary to
combine several of the forms hitherto regarded as distinet species, but
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on the other hand reveals the existence of yet another new species in
the Inlé valley. We have thus the following living forms in the Inlé
watershed :—

Taia naticoides race intermedia, Annand.
Taia theobaldi (Kobelt).
Taia erassicallosa, sp. nov,
Taia shanensis (Kohelt).
Taia elitoraliz, Annand.
Taia intha, Annand.

With the exception of T. theobaldi, which we have not examined
anatomically, these five forms are distinguished by apparently constant
characters in the soft parts as well as the shells.

Four fossil or subfossil species also occur in the same area, namely :
Taia naticoides race lacustris, Annand., Taia conica, Annand., Twia
obesa, Annand., Taia cylindrica, Annand.

The first of these is known to us from the lacustrine deposit above
the He-Ho gorge, while the other three were found in two small lime-
stone caves at Hsin Dawng, a few miles from the town of Yawnghwe.

We have recently rececived from Mr. F. W. Walker of the Geologieal
Survey of Indiaa numbor of shells of the species deseribed by one of
us as 7aic ineise' and later made the type of the subgenus or genus
Temnotaia.® In some of Mr. Walker's specimens the operculum
remains. It proves that the species is really a Melaniid and not a
Viviparid. Zemnotaia, thevefore, if it is to be retained, is no more
than a section of Paludomns arnd a new name must be found for the
smooth and thick-shelled forms of 7wic. That of Lissotaia is here
proposed, The species are filea (Reeve), concolor (Nevill) and bhanio-
ensis (Nevill). It iy perhaps best, until their anatomy is known, to
regard them as representing merely a subgenus of 7w/,

Taie naticoides (Theobald).

As Annandale pointed out in his original description of the Inlé
species of the genus, the form that occurs commonly in swamps and
backwaters in the Inlé valley is specifically identical with Theobald’s
gpecies, but shells from the valley are not precisely identical with those
from the upper Salween, whence 1. naticoides was oviginally described.
Further, they differ slightly on @n areraye from those from the He-Ho
plain on the same watershed but 800 feet higher. Livirg specimens
froin the latter locality were thought to differ from subfossil shells
from the superficial peaty deposits on the same plain, and these
subfossil shells were sejarated into twe species. The difference
between living Inlé and He-Ho individuals are, however, so slight that
it does not secem advisable to recognize them by the use of different
names, while the living He-Ho form is found to grade absolutely into
the comwmon subfossil form originally called /ntermedic of which the
form analoya proves to be a mere monstrosity or aberration.

* Annandale, Rec. Ind. Mus., XTIV, p. 213, fiq. (1918).
s Annandale, Rec. Geol. Surv, Ind. L.,p 2.51 (1919) and Rec, Tnd. Mus,, XXII

p- 293 (1921).
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We think it best, therefore, to combine all the living and fossil forms
of this species from the two connected valleys under the name :

Race intermedia.
1918. Taia naticoides (in part), T. intermedia_and T. analoga, Annandale, op.

cit. pp. 126, 128,132, pl. xv, figs. 6, 7, 12, 13, 16, 17 ; pl. xvi, figs, 3—06,
7—9 ; pl. xvii, figs. 3, 4 ; pl. xviii, figs. 1—3.

The shell of this race is rather more elongate and frequently mu?h
larger than that of the forme typica frou; the 'Upper Salween. It is,
moreover, never wholly devoid of coarse spiral ridges, though they vary
greatly in development.

F1a. 8.-—Mantle edge of young specimen of Taiu. naticoides f. intermedia as seen
from below. 8. siphon,

The stomach of this form has a distinet chitinous lining and a pair
of parallel chitinous ridges of a pinkish eolour are usually to be found
a little below the junction of the stomach and ocgophagus. They arve
not always to be detected, however, and it is possible that they are worn
out or cast off and replaced periodically.

The gill-filaments are very narrow ; their base is somewhat produced
backwards.

The auricle of the heart is a lobed structure, larger
than the spongy, thick-walled ventricle.

The uterus as a rule containg several embryos with well-developed
shells, but two of these are usually larger and better developed than the
others. About nine polygonal compressed cgps are also present ;
altogether there may be as many as thirty eggs and embryos. The
embryonic shells are always banded.

Of 25 individuals examined at the Inlé¢ Lake only 4 were males.

Race lacustris Annandale.

1918. Taia lacustriz, Annandale, op, cit., p. 131, pl. xv, fig. 10 (not 11); pl.
xvii, fig. 1; pl. xviii, figs. 7,}8 (not%). P g (ot 115 p
[ )

The shell of this fossil form only differs from that of the race
intermedia in being a little longer, narrower and less conical. It never
reaches a large size and is fairly constant in shape and sculpture. 1t
occurs only in the clay banks of the He-Hofriver above its gorge,
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Taia shanensis (Kobelt.)

1918. Taia shanensis, Annandale, op, cit., pl. xv, figs. 14, 15; pl. xvi, fig. 10 ;
pl. xviii, fig s. 4, 6.

Fia. 9.—-a, Ventral view of living animal of Taia shanensis, b. Ventral view
of living animal of Tuw intha.

This species appears to be somewhat modified structurally in
correlation with its environment, especially in three systems, namely, the
shell; the respiratory system and the alimentary system, the environ
mental peculiarities being the very foul water in which it livis and the
existence of an abundant supply of an alga containing hard calcareous
particles on which it feeds.  The shell is relatively thin and brittle.  The
chitinous lining of the stomach is particularly well-developed and the
ridges and folds into which it is thrown unusually prominent, while
the radular teeth are stronger than in other species. In the other
direction, the gill-filaments are relatively broad, while the supraintestinal
fold ot the mantle running close to and parallel to the ctenidium is
strongly developed and perhaps acts as an accessory organ of respiration.

The colour of the exposed parts of the living animal, including the
cdge of the mantle, is nearly black with the usunal yellow specks.

Other anatomical peculiarities noted are that both the auricle and the
ventricle of the heart are globular and that the testis is of a peculiar
shap~, being elongate and curved with its anterior extremity extending
to the base of the right tentacle. The ejaculatory duct has a tortuous
course in the tentacle.

There are usually three to five embryos with distinet shells in the
uterus, one or two being further advanced than the others. About
eighteen undeveloped eggs are also present as a rule. The embryonic
shells are not banded.

.

Taia theobaldi (Kobelt.)

sM8. Tuia theobaldi, Annandale, op. eit,, p. 126, pl. xv, fig 18; pl. xvi, fig. 1 ;
pl. xviii, figs, 10—17.

The spire of the shell is shorter than in any form of 7. naticoides
and the body-whorl is usually miore swollen, but the most distinctive
feature is in the callus, which in young shells is often ridge-like and

15
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even when fully developed has a sharp outer edge, which often leaves
a chink leading to the umbilicus open.!

Taia elitoralis Annandale.

1918. Taia elitoralis, Annandale, op. cit., p. 134, pl. xv, figs. 4, 5 ; pl. xvii, figs.
5,6 ; pl. xviii, figs. 13, 14." Taia intha, pl. xv, fig. 3.

Much additional material of this species, which was scantily
represented in the former collection, was obtained and it becomes
evident that the distinction betwecn it and 7' 7ntha was not quite
correctly set forth. The shells from towards the edge of the lake
referred to 7. intha really belong, as is proved by an anatomical
examination, to 7' elitoralis. 'This fact, while it still further limits the
apparent variability of 7. 7ntha, which was always regarded as a
peculiarly stable form, venders that of 7. elitmivlis somewhat wider,
The figures cited, however, should render the matter clear.

In anatomy 7" elitoralis stands somewhat apart from the other two
species from the Inlé Lake. It differs from 7. shanensis both in the
structure of ihe stomach and in that of the respiratory system. The
folds of the inner wall of the stomach are much less developed and
there ave no chitinous ridges, while the heart is better developed and
the base of the gill-filaments relatively broader.

The large size of the heart may be correlated with the fact that the
auricle is often filled with ova, apparently of an Echinostome trema-
tode. No adult or larval parasites were found, probably because the
time of year (March) at which the specimens were examined was
unfavourable.

The number of embryos present in the uterus with shells is some-
times larger than in 7' shanensis, but in specimens dissected at the Inle
Lake it was found that there were as a rule three such embryos, of
which two were larger than the third. There are also about eight
undeveloped spherical eggs, which are remarkable for their oxtra-
ordinarily tough and fairly thick outer layer, which has a glistening
surface. Inside this layer tfiere is a mass of yolk with a cavity at one
end in which the embryo is apparently developed. The eggs arve
attached to the wall of the uterus as an I'ivipai«.

Of 31 individuals examined at the lake 22 were males.

Taia intha (Annandale).

1018. Taia intha, Annandale, op. cit.,, p. 135, pl xv, figs, 1, 2; pl. xvii, fig. 7;
pl. xviii, figs, 10-12,

This is much the most constant species known to us as well as a
species with the most highly developed shell sculpture. Its anatomy

! Examination of a few specimens of this species from the N. Shan States
recently sent by the Director of Public Health, Burma, has enabled me to add a
short note on the anatomy. The mantle-edge has a wavy margin in some but has
no definite processes. The stomach is relatively small in size and has a few raised
folds on the internal wall. Tke gill-filaments resemble those of 7. naticoides F.
intermedia but are shorter and broader with their extremeties rounded of seven
specimens examined only two were females of which one was immature. The
uterus was large and contained three embryos of which the anterior was the
largest, and eight much compressed eggs. The embryos were faintly banded.
Several very minute spiral ndﬁes were present on the shell, the central ones being
more prominent on the last whorl [H.8R.]. ¢ «
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resembles that of 7% shanensis, but the following diffcrences have been
observed. The testis has asa rule a sharp bend at it posterior end. The
structure of the rectum appears to b2 peculiar. The inner wall is
provided with transverse folds and a muodian ventral double ridge
running longitudinally.
I The gill-filament is broad at the base but
N tapers to a fine and almost thread-like extr.mity.
The colour of the exposed parts of the living
animal is pale olivac.ous with yellow specks
which appear to be universal in the family.
The fertility of the speciesis much reduced.
There is often only a single very large embryo
= in the uterus; this occurred in six females
Fi¢. 10—Front view examined consecutively at the Inle Lake. A
of living animal of Twiv gecond, and even a third, smaller embryo is
intha. sometimes present.  Undeveloped eggs are often
absent and the single embryo present is often so large that it fills
practically the whole cavity. It is thus not improbable that other
ova are suppresstd by its growth, The embryonic shell is banded.

Taia crassicallosa, ). nov.

[ 3

This species stands in much the same felation to Zwia naticoides
(Theobuld) ag Twic intermedic Annandale (here recognized as a form of
‘ T. naticoides), so far
at any rate as the
external features of the
shell are  concerned ;
but differs from hoth
in the relatively short,
broad spire, which
never  exceeds the
height  of  the last
whorl, and especially
I'16. 11 —Type-specimen of Taia crassicallose sp nov, in  the  extremely
from 8. Shan States, broad, very prominent
and greatly thickened
columellar callus. The last is smooth and |)olnshe(l but less so than in
T. naticoides. The base of the aperture is slightly more oblique than

that of 7% naticoides £. intermedia.

Some of the smaller shells
of the species scems to ap-
proach 7% obese Annandile in
general form, but the great
breadtlk and thickness »f the
columellar  callus and its
gmonth and polished sutface
are sufficient to separate the
Fic 12~ Operculum of Taia crassicallosas  Species,
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The degree of variability in the sculpture and ornam(:ntation of
the shell is much the same as in 7T, ncaticoides . intermedia, but the

Fi. 13.—Ewmbryouic shell of Taie crassicallose.

tendency to form tubereular rvidges on the -vhorls is less marked.
Squamous projections ave rarely formed in a regular series on the
last whorl.

Measwrements G millimeters) of Lype-speciimen.,

Height ot Height of Greatest breadh Greatest breadth
shell, aperture. of shell. of aperture.
315 200 260 130

In actual bulk this species is the largest of all living species of 7.
Anatomically the species is well differentiated : it seems to be inter-
mediate in some features botween 7% waticoides £, intermedia and
1. elitoralis. The gastric
cavity is, however, devoid
of folds und -chitinous
ridges.  The “gill-lamella
is relatively long Dbut
narrow at the base, and
is intermediate in form
between those of the two
species mentioned. The
kidney is,  ecuriously,
different in the two sexes,
atany rate in the speci-
mens examined, In the
male it is triangular with
an elliptical renal aperture
at its posterior end, where-
Fia. 14.—Ulerus of Taia crassicallose with its as the female it is Ov_al
roximal half cut open. with the renal aperture in

o. External opening of uterus; / fransverse  the middle of the ventral

folds of the dorsal wall of uterus: ¢. cavity of  gupface. With only a few

:.::ﬁ:il:?c;é’t\'i];;;lglmd“m fold in the floor of the specimens  before  us,

however, we are unable
to judge whether this difference is merely. an in}lividual variation or
due to sex. The uterus is transversely folded in such a way that ity
external surface has the appeavance of a series of lamelld.  The roof
alone is involved in this folding process, while the floor has a thick,
wavy longitudinal fold. There are only two full-grown e:mbryos
(without bands on the shell) and six eggs with undeveloped émbryos
in them,
Anatomically the characteristic feature of this species is the peculiar
structure of the uterus.
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Pype-specimen.—. 12462/2 Zool. Surv. Ind. (Ind. Mus.).

Living and dead shells were taken by us on the edge of jthe
Yawnghwe river near Tai-O,
Yawnghwe State, 8. Shan States
in March, 1922, Well-preserved
speeimens of the species were also
brought back by Dr. S. L. Hora
who visited the stream in April
of the same ycar.
Several of the dead shells were
coveredd by a thick calearcous
Fi6. 15.—Radular teeth of Tuia deposit’  which  completely
crassicgllosa. obscured their form and sculpture,
Some  of the bivalves obtained
in the same locality had a similar deposit on them, which is due to
a deposit of diatoms.

Taia obesa Annandale.
1918, Tuia obesa.  Aunandale, ope eal., p. 128, pl. av, fig. 19 pl. xvi, fig. 2.

Two fully-grown shells larger than the type-specimen. and several
young siiells were obtained in the Hsin Dawng caves. O the former,
one is broken at the lip and has ity spire relatively long, its total height
being 46°2 mmn.

The other is complete and relatively broad. It has the following
measurements in millimetres :—

Height of Height of Greatest breadth Greatest breadth
shell. Taper rlure of shell, of aperture
415 22t 340 170

The tubercles on the spiral ridges of the shells ave relatively fecbly
developed, especially in young individuals.

Taia cylindrica Annandale.
1018, Twiw cylondeica, Annandale, op. cit, p. 130, pl. xv, fig. 9 ; pl. avii, fig. 2.
A large number of shells, some of them broader and higher than the
type-specimen, was collected in the Hsin Dawng caves on a mud slope
leading from a hole in the voof of one of the caves to the interior, but

many of them are incomplete. In one of the c<hells we found an
exceptionally large embry o, but, unfortunately, in a bad condition.

Taia conica Annandale.
1918. Twia conica, Annandale, op. cit., p. 133, pl. xv, fig. 8 ; pl. xvii, fig. 8.
This is mueh the most abundant of the fossil spreies found in the

Hesin Dawng valley. Our recent collection includes seversl shells
smaller than any in the type-series.

1 We have to thank Mr. K. C. Biswas fur exrmining the deposit. Cf. —P.lul
Ehrmann “Luld und  Sussw: wserschneul\en aus den Sidl. Schan Staaten” in
Sitzungsber. Naturf, Ges. 1X, pv. 24-25, pl. i, tig, 9 : (Leipzig, 1922),
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Fam. AMPULLARID.E.

Genus Pila Bolten.

1920, I‘a(q_l:ylubra. Annandale, Jouin. Nat. Hist. Soc. Siam, p. 4, pls. (i) and
).

Pila conica ‘var. compacta (Reeve).

1918, Awmpullaria winkleyi, Anmandale, op. cit,, p. 138, pl. xii, fig. 10.

1921, Pachylabra ecrica var. contractu, id,, Journ. Fed. Malay 8t, Mus.,
X. p. 193,

1924. Pachylabra manra, Annandale, Proe, Roy. Soc., B, xevi, p. 71,

We have consulted Dr. Baini Prashad, who has rcecntly examined
the type-specimens of I/« in various Kuropean Muscums, as to our
specimen. He is convinced of the identity of all from the Southern
Shan States' and regards them as falling within the limits of the form
compaete,  As a result of Dr. Prashad’s investigations considerable
changes become necessary in the nomenclature of the Indian sp.ecies of
the genus®.

The varicty is widely distributed in Burma and occurs also in the
Malay Peninsula.  We obtained specimens at Loi-an near Kalaw as
well as in the Inle valley.

' 1 take this opportunity to invite attention of an unfortunate printer's error in
my paper on Malay apple-snails. A whole paragraph has been omitted after the
first paragraph oun page 195, Jowrn. Fed, Malay St. Mus. X, including the name
Lachylabra conica var compacta in black type. ‘the second and third paragraphs,
as they stand, refer not to 2. sloliczlana, but to this form. There are several other
misprints in the paper, of which I did not see a proof but.I think the others
cxpﬁtin themselves, (V.d.) :

2 Prashad, Jonrn. Asiat Soc. Bengal (N.8.), XVIII, pp 586-591 (1923).

id.. Mema Ind. Mus., V11T, pp. 69-89, pl. xiii—xv (1925),
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MATERIALS FOR A REVISION OF THE RECENT INDIAN
LIMNAEIDAE (MOLLUSCA PULMONATA)

BY THE LATE DR. N, ANNANDALE, F.R.S., C.LE,
Director

’ AXND

H. SRINIVASA RAO, M.A.
Officiating Assistant Superintendent, Zoological Survey of India.

INTRODUCTION.

Our object in writing this paper is to provide a means of identifying
the species of Limnara found in the Indian Empire. In preparing it
we have had two great advantages :—We have had before us by far the
largest collection, of shells and spirit material of the family ever
accumulated from any Oriental country, and we have been able to collect
specimens and note the peculiarities of their habitat at many places
scattered over a very wide arca, from the Persian frontier in the west to
the Southern Shan States in the east and from the Afghan frontier in
the north to the Nilgiri Hills in the south.  We have also been able to
examine the specimens named by Nevill and other conchologists who
have worked in Calcutta.

Limnaea is a very difficult genus to set in order becanse of the great
variation exhibited by many species. This variation is of more than
one type. Apart from differences due to age, we may, indeed, note
three types :—(1) individual variability, (2) plasticity and (3) racial or
local variation. Individual variability may be said to oceur when
individuals of the same species living together in the same environment
differ inter se in colour, form or structure. This kind of variability is
never completely absent, but it becomes congpicuous only when the
individual differences are considerable. By plasticity we mean a
physical response to environment on the part of the organism and ulti-
mately of the race in all probability. Strietly speaking this response
ought to appear in the life-time of each individual and be similar if not
identical in all the individuals of any particular enviromment ; but we
have little or no exwerimental evidence so far as Indian species are
concerned and can only suspect that this occurs on the analogy of
species observed elsewhere. Racial variation exists when all or most of
the individuals of any given locality differ in swmall but constant
characters from those of other localities. This phenomenon is not so
common in Limnaea as it is in some genera and it is not always possible
in the present state of our knowledge to distinguish it from plasticity.
It may come about, however, theoretically from one of two causes,
either by stabilization of plasticity owing to transmission of characters
from one generation to another, in other words by a form of the
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inheritance of acquired characters’; or by the appearance and
perpetuation of mutations in isolated groups of individnals.

Our position in this matter will be rendered clearer by the citation
of actnal examples of the three kinds of variation. Individual variabi-
lity is often well illustrated by the common L. «cuminata. (vide Ree.
Ind. Mus., XXII, p. 569, fig. 12, 1921). The figure cited reproduces the
outlines of a group of shells from the same locality. The species is
esgentially variable in certain conditions and we have no real explana-
tion of the differences between the different shells. As an example of
plasticity, L. andersoniana (pl. viii in the work cited above) provides
excellent material.  Alike in the Southern Shan States, in the valley of
Manipur and probably in other localities, at least two forms of the
species are found, one, with a narrow shell, living in ranning water, the
other, with a comparatively broad shell, in still water. Itisless casy to
find a good case of racial variation in Limnaea, but we may refer to the
form sicmensis of L. Ileola, known from widely separated parts of
Burma and Siam, but not from any other country (fig. xiv, 5 & 6).

The existence of variation renders it necessary to examine large
numbers of speeimens from many localities.  If this be done, another
fact beecomes evident, that plasticity and individuoal variability are not
always correlated.  Tn a given species we may find one and not the
other, both, or neither, that is to say, pres nt in a congpicuous degree,

As Anmandale and Prashad have pointed out elsewhere® anatomical
characters are, on the whole, even less satisfactory in differentiating the
Indian species of Limnaea than shell-characters.  The organs that have
been found most useful in this respect are the genitalia, the vadula and
the jaws. We have examined the radula of all but two of the specics
known from the Indian Empire and immediately adjacent districts, and
the jaws and genitalia of a large proportion.  We find only three species,
the Palacarctic L. stagnalis and L. auricularie and the Burmese
L. laticallosa, in which precise diagnogtic characters of a structural kind
are to be found in the genitalia. In several others differences of a less
definite kind such as those in the length of the various ducts occur, but
on the whole the results of our examination of a large amount of
material have been disappointing from a taxonomic point of view,

This has also been g0 with the radulae, the great majority 'of which,
while exhibiting much individual vaviability and many abnormalities,
are very much alike. In only a few gpecies are exact differences to he
found.

In a few species the jaws also give sound characters, but only in still
fewer, and species with very different shells have sometimes very
similar jaws,

We will, however, discuss the genitalia and the buecal and pharyn-
geal armature a little further hefore considering the shell,

JAWS AND RADULAE.

The structure of the jaws and radulae is, with a few exceptions,
remarkably uniform in the Indian Limnaecidae, and in many specics

' The phrase “inheritance of acquired characters” is commonly applied to
iwo quite distinet phenomena or supposed phenomena :—(1) to the transmission by
descent of a sudden traumatic injury or mutilation and (2 to the {ransmission of
a modification gradually impressed upon an organism by enviromment from genera-
tion to generation. 1t is in the latter sense that we us> the term,

® Rec, Ind. Mus., XXIT, p. 567 (1921). [
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individual variability is sufficiently great to mark any specitic characters
that may occur. When this is not the case specific characters may be
found both in the structure of the upper jaw-piece or “mandible”, as
it may be conveniently called, and also in the number and shape of the
radular teeth. It is rarer to find definite characters in the lateral pieces
of the jaw, but in at least one species ( {, laticallosa) they occur.

Jaw.—The jaw consists, ag in species from other countries, of three
pieces, the mandible and two lateral appendages. The mandible is
lunate, semicircular or subquadrate in outline. Its free cutting edge
may be straight, concave, convex, emarginate or sinuate. Occasionally
it is produced in front into a beak-like prominence, but this appears to
be an individual rather than a specific character. There is certainly no
justification for regarding it as of generic significance, as was suggested
by Bowell.! The mandible is of solid structure and composed of horny
substanc>.

The lateral appendages, which hang down one on each side of the
mouth firmly attached to the buccal musecles, are band-like or thread-
like structure composed of a large number of minute transverse rods,
which are as a rule firinly welded together even at the free edge which
horders the mouth. In the Burmese L. laticalluse, however, the
texture is not so firm and the edge has often a fringed or fimbriated
appearance owing to the projection of individual rods.

Radnle.—The structure of the radula in the Indian species is,
apparently, less liable to specific variation than it is among the Limnze-
idae of North America3$, but agrees generally with that of most
Palacarctic species of which there is any record, except that the number
of teeth in a transverse row scems to be generally smaller. This is so
even in Indian individuals of species common to Kurope and the
northern part of India, of which several exist. In Indian Limnaecidae
there arc rarely as many as thirty teeth on each side of the central.
The number of these teeth is a good specific character, but only within
wide limits and in some species. The actual size of the teeth is not
always correlated with that of the animal and sometimes forms a good
diagnostic character.

The teeth exhibit less structural adaptation than might perbaps have
heen expected. Thus, those of L. acuminata and those of L. lideoln
arc alinost identical, in spite of a distinet difference in the habits of the
two species, L. acuminale feeding largely on rotting vegetation, parti-
cularly on dead leaves of water-lilies, while L. luleole feeds almost
exclusively on organic matte: from mud at the bottom.

The central, in our experience, offers few specific characters heing
particularly variable in shape. In all the forins we have examined the
cugp consists of a r.latively large, more or less triangular process
bearing at its tip a minute tooth or spine. This process is never quite
symmetrical but bilateral symmetry is approximately reached by some
species in which the left side of the cusp is even, while the outline of
the right side is sinuate or irregular. In others the irregularity on the
right side takes the form of a secondary cusp. There is never any such
cusp on the left side, which, however, may be very slightly irregular,

- ¥ In Preston, Rec. /nd. Mus., I1I, p. 116 (l909): .
2 Baker, F.C., Chicago Acad. Sci. special publication Na. 3 (1911)
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indicating a primitive trilobed condition of the tooth. The tooth is
always much smaller than any of the laterals, but its relative size is
different in different species.

In all the Indian species but one (L. hookeri) the first lateral is
normally tricuspid, its free region consisting of a large mesocone in the
centre with an entocone on the side nearest the central and an ectocone
on the other side. The three cusps may be subequal, but the ectocone
is usually much smaller, and the entocone often considerably smaller,
than the mesocone. The entocone may be reduced to a mere tubercle
bhut this is exceptional. The teeth immediately following the first
lateral usually resemble it, but in one species (the Eurasian L. stugnalis)
they are normally bicuspid, the entocone having disappeared. 1In L.
hookeri the first six laterals are bhicuspid, the entocone again being
absent.

The radula and jaws of some species thus provide good specific
characters but among the Indian forms we find nothing in these stiuc-
tures that would provide a sound basis for generic or even subgeneric
scparation. There is, indeed, a very close general similarity, and while
in some species there are quite definite and constant features in the
details of the dentition, in others there is great individual variability in
this respect. Species, moreover, which can be separated on well-defined
shell-characters often resemble one another closely in the structure of
the buccal and pharyngeal armatuare.

Among all the gpecies we have examined, only seven stand out as
having really characteristic structural features in the radula. They are
L. stagnalis and L. brevicaude from the Kashmir valley, L. hookeri
and L. bowelli from Tibet, L. lugotis from the Kastern and other parts
of the Himalayas and L. laticallose and L. mimetica from the Shan
Plateau. All the others, whether from the Palaearctic parts of the
Indian Empire, from India proper or from Burma, exhibit a close
resemblance /nter se, and specific differences, as a rule, appear not
much greater than individual variablity. The only species in which
we have found definite structural differences in the radula of indivi-
duals from different localities is 7. eandersorinna.

There is considerable individual variability in the number of teeth
present in each transverse row and also in the proportionate numbers
of laterals and marginals. In the latter character, moreover, it is often
difficult to fix a limit between the two series, as the teeth of one change
gradually into the type characteristic of the other. There is, neverthe-
less, a definite specific difference in some cises in both respects provided
that latitude is allowed for variability. L. mimetice and L. horae, for
example, have only about 17 laterals and marginals, while L. stagnnlis
has 28. 1In L. laticallosa there are only about 4 marginals and 23
laterals while in most species the number of marginals is much greater
than that of laterals.

Abnormalities in the outline of the teeth are common. Sometimes
they occur in single teeth and sometimes in whole longitudinal series.
Laterals not infrequently lack the entocone even in species in which it
is normally present, but though this peculiarity may occur in a whole
longitudinal row, it is neve., so- far as we have seen, perpetuated in
whole transverse series. The mesocone may ve denticulated or even
divided into two or more cusps, but this is noc so common. The shape
(_)f the central is always somewhat variable, while the marginals exhibit
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much less regularity and uniformity than do the latcrals and are not

infrequently monstrous in outline.
2 ]

GENITALIA,

The genitalia, as in species from other countries, consist of three
portions : (1) the hermaphrodite gland and its duct, (2) the male organs,
including the prostate gland and the penis with their ducts and muscles,
and (3) the female organs, consisting-of the albumen glands, the oviduct
and the spermatheca. The hermaphrodite gland and its duect lie
embedded in the coils of the liver, while the male and female organs
lie on the right side of the pallial cavity between the oesophagus and
the rectam. The female organs are superimposed on the male and are
conspicuous on opening the pallial cavity. The proximal half of the
genitalia, consisting of the hermaphrodite gland, the albumen glands
and the oviduet, is uniform in all the species, whereas the distal half,
consisting of the uterus, the spermatheca, the prostate gland, and the
penis, is subject to some variation.

The spermatheca is usually an oblong, oval or spherical sac with
orange-coloured contents. Its duct commences abruptly as a narrow
tube from the lower extremity of the sac and opens into the uterus
close to the external opening of the latter. In L. laticullosa, however,
the commencement of the duct has a characteristic dilatation, absent in
other Indian species. The duct usually lies ventrad of the uterus and
is nearly as long as the latter except in a few forms.

The prostate gland is a subeylindrical, ovoid, heart-shaped or
pyriform body lying just below and a little in front of the large
accessory albumen gland. The vas deferens starts from near the distal
extremity of the prostate and usually has its commencement dilated.
In some Indian species the prostate is bulbous, and in rare instances
bilobed. Its size and shape vary in individuals of the same species,
apparently according to development. Much stress has been laid on
this variation in the grouping of the American species of Limnaea but

. so far as we can see without justification. So far as the Indian species
at any rate are concerned no such grouping is possible. In L. stagnalis,
L. brevicandn, and L. persica, which are confined to the north-western
part of India, the prostate is a more or less bilobed structure. This
character is, however, most marked in the first species, which is widely
distributed in the Holarctic zone. In L. avwricularia the outline of the
gland is more ovate than in other species.

The penis is placed in front of the female opening close to the buccal
mass on its right side. The vas deferens on leaving the prostate passes
through the integument of the head until it reaches the male external
opening where it pierces the integument and runs close to the penis,
The penis-sac may be divided into a proximal narrow tubular portion,
and a distal large cylindrical muscular one. The former, except in
L. stagnalis is nearly always as long as or slightly shorter than the latter.
It encloges a narrow flagellum-like structure, thin and pointed at its
free end, which may conveniently be termed the true penis. The term
*“ epiphallus ” has been applied to this structure by some authors, who
regard both the proximal and distal portions as the penis proper. In
L. stagnalis the penis is much shorter than the distal portion and has
ity free extremity dilated into a glans-like swelling. As in the case of
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the prostate gland, great importance has been attached to the varia-
tions occurring in the American species in the relative lengths of the
penis and the distal portion of the sac. The Indian species, however,
do not show constant variations in this respect, except between
L. stagnalis and other species,

. The penis and the penis-sac are supplied with retractor and protrac-
tor muscles. In all the species discussed here theve is a single narrow
retractor muscle connected with the commencement of the proximal
portion. This is the retractor of the penis. A stout muscle, freqnently
divided into two or three bundles, is attached to the beginning of the
distal muscular portion and is the retractor of the sac. There are nsually
four protractor muscles attached to the sides of the distal portion of the
sac. They are also divided into bundles, a branch of which may connect
them with the retractor of the sac. 'There is, however, congiderable
individual variability in the number and arvangement of these muscles.

In view of all these facts we do not find ourselves able to make
much use of the genitalia in separating the different Indian speciog even
into groups, much less specifically. L. stagnalis stands apavt from the
others in respect of these organs and minor differences can be noted
hetween a fow other species, but in most any specific differences that
may cxist at one period or another are completely masked not only by
individual variability but also by differences in structure due to the
gexnal condition of the individual examined.

Attention has heen drawn to the fact that certain s ecies on the north-
west frontier of India are functionally protandrous and pair when the
male organs are tully developed,' storing up the spermatozoa for a period
until the female organs become ripe. In the course of our investigation
of numerous collections from all parts of the Indian Empire we have
found much indirect evidence that this condition prevails in most, if
not in all, species. It is rare, for examnple, to find both the prostate and
the spermatheca fully developed in the same individual. Further, we
have observed that egg-masses are usually scarce in hodies of water in
which the snails are copulating in large numbers, and that, conversely,
when exg-masses are abundant pairing does not seem to be at all
common. These facts have an important nearinz on the taxonomy of
the genus, for many of the so-called specific and even generic characters
of the genitalia are undoubtedly due to this cause.

THE SHELIL.

Although there is in the genus Liianaen a certain common facies of
the shell hard to define in words, there is also great diversity of outline.
The common facies is perhaps best defined mainly by negatives. The
shell is never thick and rarely quite opaque; external sculpture of a
pronounced kind is rare and never consists of tubercles or spines. The
colouration is never conspicuous and rarely diversified ; if stripes are
present they are never, at any rate in normal shells, spiral and are as a
rule- produced by differences in translucency rather than colour.
Normal shells are always dextral ; sinistral abnormalities have been
observed, but not among Indian species. The spire varies greatly in
proportionate length but is always more or less tapering and always in,

! Annandale and Prashad, Ree [ud, Mus. XVIII, p. 22 (1919).



125

or practically, in the same straight line as the main axis of the shell.
The body-whorl may be narrow or almost spherical, but the columella
is never transverse to fhe main axis.

Among the Indian species almost every form of shell found in the
genus oceurs. L. acioninata £. gracilior, for vxample, approaches the
extreme of clongation, while L. brevicawlde is not far from that of
rotundity.

The question that naturally arises first in congidering the form of the
shell, in view of the great variation often displayed within the limits of
a single species, is : How far is form of shell correlated with environ-
ment ? To this question we are not in a position to give a definite
answer.  Smallnéss of gpire and inflation of the body-whorl are often
correlated with a true lacustrine habitat, but the only definite Indiun
example we can cite is L. brevicaudn from the lakes of Kashmir., The
very narrow, and also very small and fragile L. wimetica from the
Inlé Lake in the Sonthern Shan States is perhaps a still more typically
lacustrine form. * It resembles the deep-water Limneae of the Swiss
lakeg, but occurs in shallow water, and no deen-water form has been
obtained in any oviental lake. In L. aciominate narrow and compara-
tively broad individuals, apparently of identical habits, occur in the
game pond. The only character that the shells of L. mimelica and 1.,
hrevieandn have in common is the reduction of the spire. This featnre
they share, perhaps by a mere coincidence, with a single individunal of
L. acuminata from the Loktak Lake in Manipur in which individuals
from open water have a slightly more inflated body-whorl than those
from the edge of the lake.'

Where food is scanty, as in pools devoid of aguatic vegetation, the
animal, and therefore the shell which covers it, is always small, and the
few forms that can live in running water have rather or even very thin
shells. Most shells from high altitudes are small, but thoge of /.
stagnalis from Kashmir, where they occur at 6,000 feet, are the largest
of any Indian Limnaea.

Beyond this we cannot go much further. There does seem to be a
precise correlation between environment and shell-characters in certain
species, for example in L. andersoniana, in which we can recognize at
least three phases, a broad phase (the forma typica) in still water with
much vegetation, a narrower phase in running water without vegeta-
tion and a still narrower phase in rapid-running hill-torrents. Indeed,
there is even a phase intermediate between the first two living in ponds
into which streams run at certain times of the year. But against this
we must set off the facts, already mentioned, that the comjletely
lacustrine L. mimetica, from a district in which at least the first two
phases of L. andersoniuna are common, is narrow, and that ali forms,
from the extremely narrow to almost the broadest, of L. acrninata
can sometimes be found in the same pond. It is not possible at present
to formulate any rule, and until it has been feasible to make a complete
chemical and physical examination of the environment in which every
species and every form of each species normally occurs, our views on
shell-variation must be largely speculative. Two things only are clear,
that the shell is much more, variable in some species than in others and
that in some species the variation can be associated with differences in
environment, while in others it cannot.

! Rec. Ind. Mus., XXI1, p. 670 (1921).
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The shell-characters of the living Indian species afford no grounds
for recognizing more than one genus among them. Among the fossil
forms, those to which the name Acella Haldemran has been applied
seem at first sight very distinct, with their extremely narrow, elongate
shell ; but the shell of L. acuminata £. gracilior provides a transition
from the normal type, and among the species described from the
Intertrappean beds of the Central Provinces intermediate forms occur,
for example, L. subulata.

Among the living Indian species practically the full range of size
that exists in the genus is to be found, from 7. stagnalis, the shell of
which may be over 30 mm. long, to L. mimetica’ in vhich it does not
exceed 7 mm.

CLASSIFICATION OF THE INDIAN LIMNAEIDAR

The living Indian Limnzida can be separated on hoth conchologi-
cal and anatomical characters into four groups all of which have been
described from other parts of the world and regarded by different
authorities as having subgeneric or even generic rank. The type-
species of all but one are included in the Indian fauna. The characters
on which the groups are based, however, are so small and so liable to
both individual and specific variation that we do not consider it justifi-
able to regard the groups even as subgenera. It seems simpler to accept
the divisions merely as groups in a single genus Limnaew and use the
* sub-generic ” names that have been applied to them merely as a
convenient method of recognizing their relationships. These four
groups may be defined as follows :—

1. Limnarea s.s.

Shell large, with the spire long, slender and tapering and the hody-
whorl more or less inflated. Radula with most of the laterals bicuspid.
Male intromittent organ with the proximal part (epiphallus) stout and
much shorter than the distal part (penis) ; prostate bulbous or hilobed.

Type-species—L. stagnalis (Linn).

11. Radir Montfort.

Shell of variable size, rarely very small, with the spire acuminate,
never very long and often very short and the body-whorl inflated and
usually expanded, with the outer lip more or less broadly flattened.
Radwla with the laterals tricuspid. Male intromittent organ with the
proximal part slender and at least nearly as long as the distal part ;
prostate subcylindrical or pyriform.

Type-species—ZL. auricularia (Linn).

III. alba Schrank.

Shell never large, comparatively narrow with the spire long or
moderate ; the body-whorl never expanded or inflated and the lip not
flattened ; the columellar fold always exceptionally broad and coarse :
Ruadula with the laterals tricuspid, the mesocone heing exceptionally
long as compared with the base of the tooth, the entocone sometimes
reduced. Genitalia as in Radiz.

Type-species--- L. truncatula (Mill),
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IV. Pseudvsuceinea Baker.

Shell of variable size, never very large, with its spire extremely
variable in length but never scalariform though always gyrate; body-
whorl never greatly expanded. Columellar fold forming a fine lamella,
as arule in close contact with the shell. Ralula with laterals tricaspid,
and the mesocone comparatively short ; genitalia as in Radix.

Type-species---L- columellne Say (American).

If we include the fossil species found in India we must recognize
another division, perhaps more distinet than any of the four discussed,
perhaps worthy indeed of true subgeneric rank. This is Acelle Halde-
man, originally instituted for a living American species but also includ-
ing, to judge of course by shell characters alone, a number of forms
from the Eocene of Europe and several from the Intertrappean Leds (late
Cretaceous) of the Central Provinces of India. In Acella the shell is
extremely narrow and the suture very oblique, so that the whole shell
assumes a constricted subeylindrical form, with the body-whorl much
contracted.

Before discussing the species serintim we may say a word about our
deseriptions. Mere concise technical diagnoses of the shell seem to us of
little value in a genus like Limnaea, in which only the salient specific
characters call for notice. Too great attention to consistency, indeed,
tends to obscure rather than elucidate, and we have striven hoth in our
keys and in our descriptions to describe the characters that appeal to us
as distinctive rather than to insist on a mathematical precision in the
definition of outlines and shapes that are not only variable but also
involve the recognition of complex and elusive curves. In one species
gpecific distinetion may depend on the structure of the columella, in
another on the form of the spire and in yet another on radular
characters. It is very rare to find sound diagnostic characters in so
many different features, much commoner to be able to seleet only some
one small structural point as the ultimate difference, apart from a
peculiarity of facies better shown in a good figure than in any deserip-
tion. In short, it is often ‘nore scientific to rely on good figures than
on descriptions in words.

. We must express our great indebtedness to the avtists of the
Zoological Survey of India, who have so ably reproduced the salient
features of the shells under our supervison,

Farmily Limnaeidae.

The family consists of aquatic Pulmonata of the suborder Basom-
matophora. It is distinguished frown the other families of the suborder
by the following cowbination of characters. The shell is thin, normally
dextral, spiral, more or less ovate, always less than 5() min. and almost
always more than 5 mm. long. The tentacles are flattened and triangu-
lar and the eyes, which are completely sessile, are situated externally at
their base. The pulmonary chamber is ample and there is no accessory
breathing apparatus or pseudobranch. The blood is colourless. The
jaw consists of a stout mandible with an accessory ribbon-shaped
appendage hanging down on each side of the mouth. The central tooth
of the radula is small and, though often obscurely trilobed, unicuspid.
The lateral teeth are tricuspid. or bicuspid and the marginals pectinate,



128

without a lateral process. The region of the stomach is divisible into
three portions. The anterior oval erop, the middle stomach proper
enclosed by the highly muscular bilobed gizzard and the posterior
tapering pylorus from which commences the intestine. There are no
pyloric appendages. The kidney is broad and forms the roof of a greater
portion of the pulmonary chamber. The male intromittent organ is
long and devoid of a flagellum.

Genus Limnaea Lamarck.
1911, Subfamily Lymnaeinae, Baker, Chicago Acid. Sei. sp. publ. IIT, p. 125,

We do not propose to enter into the controversy as to the correct
gpelling of the name of the genus, whether Lymnaeus, Lymncen,
Limnaeus, Limncea or any other variant. We merely adopt the best-
known form. A full synonomy is given by Baker (op. cit.) in his
exhaustive account of the North American species. Although we differ
from this author not only as to the spelling of the name but also as to
the value to he attached to anatomical aud other characters, we must
express our great indebtedness to his important monograph.

The great majority of the members of the family Limnaeidae fall, in
our opinion, into this one genus. The only species, indeed, that we
have had an opportunity of examining which we are prepared to
separate generically is the Japancse Omia juponicn (Preston)l. It differs
from Limnera in its Deritiforin shell, with its almost transverse
columella and oblique spire, but hag a similar radula and jaw.
Unfortunately the anatomy is unknown.

Limnaea (s.s.).
1911. Lymnaea, Baker, Chicago Acid. Sei, sp, publ. III, p. 134.

Baker gives an cxcellent synonomy, which we need not duplicate.
No student of the Limnaeidae can afford to be without his book.

Only once Indian species can be assigned to this group. It is 7.
slagnalis, the type-species of the genus, a Palaearctic form found in the
upper waters of the Indus and in Chitral.

Limnaea stagnalis (Linn.).

1758. Heliv stagnalis, Linnaeus, Syst. Nat, (Ed. X\, 1, p, 774.

1835. Limlmy.’u;i slzgn«,li», Rossmissler, fron. Laml and Sissw Moll. 1, p. 95,
pl. ii, fig. 49.

1847. Linmqe'us stagnalia, Shrenck, Kais, ‘kad. Wiss. St Petershourg, 11,

p. 643.
1871. Limnaga stagnalis, Kobelt, Malakozool. Blatt. XVIIL, pp, 108—119. pls.

ii, iii.
1R77. Limnl%:.’-! stagnalis, Kobelt, Rossmdissler's Teon. ™, pp 35 - 37, figs., 1230

1884, Limnara, stagnalis, Kobelt, id. (n.f.), I, pp. 57, 58, figs. 168—176.

1911. Lymnaea stagralis, Buker, Chicago Ac .l.)Sci. (8p. Publ ), pp. lb36-—-140,
_pl. xix, figs, 1--3. 4--10; pl. xx, l;?s. 1--6 ; pl. xxii, figs. 1--3,

1915. Limnaea stagralis, Preston, Faun, Brit, Ind, Freshw. "I;osll.. p. 106.

The literature on this common European and American species is
very extensive and we have given only a few of the more important

! 8ee Annandale & Prashad, Jour. Asiat. Soc. Bege l 8., I.' . 460- 1.
dg. 2, pl. xii, figs. 4, 4a, 5 (1918). c1gal (0.8, XIV, pp. 460-461
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references ; a detailed list of its synonomy will be found in Baker's
monograph cited above. There has never been any dispute as to the
identity of this specics, but it has been the cause of a great deal of
discussion owing to the very different interpretations which various
authors have placed on the limitation of its varieties and forms.
Bourgunignat ' described all the different forms and phases as distinct
species, and was to some extent followed by Collins® in Belgium as
well as by other French malacologists. Kobelt, who undoubtedly has
very extensive materials for his studies of the species, tried to reduce
to order the confused state of affairs, but did not publish any really
critical and exhaustive memoir with a full synonomy. We will content
ourselves here with notes on the Indian forms of the species.

We are greatly indebted to Dr. B. Prashad, who has had the oppor-
tunity of comparing Indian material with the specimens in a number
of European museums, for the following notes:

‘““Of the earlier authors Cuvier and Valenciennes?® recorded the
occurrence of Limnaert staynalis in Kashmir from collections made in
that area by Jacquemont. Woodward # also recorded a find of the species
from the same area without any further details. Von Martens refers to
the occurrence of one or other of the forms of L. stagnalis in various
parts of Central Asia, and in two of his papers® has given useful tables
showing the distribution of L. staugnalis and other land and freshwater
molluscs in these countries. Theobald ® also includes L. stagnelis in
his list of the Kashmir mollusca, and is followed by Godwin-Austen”.

‘‘Besides the older collections in the Indian Museum there are large
numbers of fresh shells collected by the Zoological Survey party in
various parts of Kashmir during the summer of 1921. Various other
smaller collections made in the same area and sent to the Indian Museum
from time to time are also before me. In this large series of shells I
am able to distinguish two distincet forms :—(1) a race described ander
the new name kashmiriensis and (2) a depauperated form of this new
race for which I have selected the name ne/nor Kobelt, as I am unable
to distinguish it by any characters from the European form described
under this name.

Race kashmiriensis, Prashad nov.

“ This race which I have, after great hesitation, desceribed as new, is
clogsely allicd to Kobelt’s var. pelustriformis 8 from the Kuphrates.
The variety was found by the Zoological Survey party to be widely
distributed in the lakes of Kashmir, for example in the Dal Lake, Wular
Lake, Anchar Lake and other smaller lakes ; shells were also found in

4N

' Bourguignat, Les Spicilegex Malaculo,e'quen, pp. 93—103 «Paris, 1862).

s Collins, Ann. Soc. ﬁlakwol. Belgique V11, pp. 81--94, pl. iv (1872).

3 Cuvier et Valenciennes, Hist. Nat. des Poissons XV, p. x (1840).

¢ Woodward, Proc. Zool. Soc. London, pp. 186, 187 (1856) and Aun. May. Nat.
Hist ‘;2) XIX, pp. 409, 410 (1857).

¢ Von Martens, Mem. L' Acad. Imp. Sei St. Petersbourg (VII1), XXX, pp. 1 -66
5 pls. 1882), Mollusca of Russian ‘I'urkestan in Wiss. Anhang zu Russisch-Central-
Asien von Henry Lansdell, pp. 41--47 (Lei zx%; 1885).

¢ Theobald, Journ. As. Soc. Bengal, XLVI1I, pt. 2, pp. 141--149 (1878).

! Godwin-Austen, Proc. Mal. Soc. London, 111, pp 261, 262 (1899).

8 Kobelt, Halakozool, Blatt. X VILL, p. 112, pl. iii. fig. 12 (1871), and Rosswiissler’s
deon. V, p. 35, fig. 1237 (1877),
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the streams flowing out of the lakes, but these are not true inhabitants
of the streams, being only carried into them with the current. I may
algo include here a note as to the lake areas. rhey are fairly large
expanses of water sometimes extending over a couple of miles or more ;
with the water in most of them not very decp, usunally 5-6 feet some-
what clear but in most cases muddy and foul ; very rich in aquatic
plants and the bottom consisting of decayed vegetable debris. Except
where the stream is flowing out there is no current in these lakes. The
Limnaeas werc all found along or near the banks and the form here
deseribed is, from its characters, to be classified as one of Kobelt’s
*“ Sumpformen ”. These forms have a thin, fragile chell, with a wide
mouth and the body-whorl in practically all of them is shouldered or
ridged. -

“ The shell is very large, rather thin and fragile for the size of the
speecies ; of a brownish horny colour and in most of the specimens
coated with an  algal growth. The surface of the shell is
regularly decussated, and has a regular sculpture consisting of fine
ridges ; on the penultimate and the body-whorl these longitudinal
ridges become rather prominent. The apex is acuminate and some-
what acute ; the spire prominent and occupying # of the total length in
the dorsal view, The suture is deeply impressed and distinctly oblique.
There are 6-—6, whorls ; of these the first four are not greatly swollen
and increase regularly in size ; the penultimate whorl, however,
suddenly grows larger and is moderately swollen. The body-whorl is
large, and in dorsal view somewhat ovoidal in outline ; its inner outline
is somewhat sinuate below near the anterior angle, but owing to the
stumpy appearance of the shell the curving is not quite regular. The
outline of the outer lip differs in examples from various areas : it is
cither regularly curved with only a trace of the shonlder near the
posterior margin, or owing to the presence of a distinet shoulder it
becomes distinctly angulate. The mouth is large, but not greatly
expanded, over one and a half times as long as broad, somewhat
elongate, cither ovoidal 1n shape, or in shells with a marked shoulder it
has a straight anterior base and becomes quadrangular. The outer lip
is sharp, neither expanded nor retroverteu. Tke peristome is con-
tinuous ; the callus broad and thick extending over the umbilicus, but
free along a short distance anteriorly ; the ceolumella shows a distinct
and deep fold. o

* Type-series—No. M. 12_2)0_6 in the Zoological Survey of India,
Indian Museum, from the Wular Lake, Kashmir.”

Anatomy.—In general anatomy the Indian variety deseribed above
agrees with that of the European material with which we have com-
pared it, and also *with the published descriptions and figures (sce
Stiebel ', and Baker loc. cit.)

Indian and European specimens differ from all the American forms
described by Baker in having the first lateral tooth of the radula
constantly tricuspid.? Several teeth in each longitudinal row in the

1 Stichel, Limnei stagnalis Anatomie, pp. 1 =52, pls i, ii ; Gottingen (I8LH).

2 Cooke's figure in the Cumbridye Natural History (Vol. III, p. 235) shows the
central as large as the laterals, but the tooth figured is probably the first lateral.
1t differs. however. fro n our prepwrations of I)oﬁm Baropean and Indian radulae in
having the entocono as large as, instewd of considerably smaller than, the entocone.
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same geries, including the second tooth, are, however, always tricuspid.
In this respect the species differs from all others described from the
Indian Y'mpire except 4. hookeri, in which the entocone or cusp nearest
the centre of the radula is much reduced in the first lateral. In Indian
specimens the radular formula is approximately 13. 15. 1. 15. 13.

The genitalia agree with published figures of both European and
American forms, allowance being made for the fact that our materia lis
preserved in strong alcohol, but individuals of the same batch differ
considerably in the shape of the prostate. Our figure represents the
genitalia of one in which the gland is very fully developed. The form
of the male intromittent organ is different in the glans-like structure of
the morphological apex from that of any other Indian species we have
examined.

*“ Relationships.—1In certain vespects this race comes near palustri-
Jurmis, Kobelt (op. cit.), but differs in the shell being much larger with
a less compact shell-substance, the mouth less expanded, spire much
longer and the suture more impressed ; while in most of the shells the
prominent shouldering of the body-whorl is an outstanding character.
1 have no doubt as to this race being different from the onc referred to
s erpansilabris Hartmann by von Martens (loe. ¢it., p. 32, pl. iv, fig. 2)
from the valley of the Tarim. He also recorded this form later
(Sitzungsber. Ges. Naturfor. Freunde, Berlin, p. 240, 1887) and
Weber' has recently recorded the same form from * Dscharkentisehen
Kreis’ in Central Asia.”

Geographical distribution of the species—L. stagnaliz (s. 1.) is found
all over southern and central Kurope and in many northern localities.
In the British Isles the range does not extend north of the Lowlands of
Scotland, into which some naturalists think it has heen introduced
artiticially. It is, however, common in the small lochs round Kdin-
burgh., The species also occurs in North Africa and in Northern and
Central Asia, whence it has made its way down the upper waters of the
Indus system into the Kashmir valley, in the lakes of which it is
common. It has not been found elsewhere in the Indian Kmpire?
except at high altitudes in Chitral. ILocal races have been deseribed
from North America.

Form minor, Kobelt.

1871. Limnaea sluguali» var. minor, Kobelt, Malakozool. Blutt. XVIII,
p. 115, pl 1, fig. 5.

1877. Limnaea stagnalis var. minor, Kobelt, Rossmdissler’s leon. V, p. 35,
fig. 1233, -

1882, Limnaea stagralis vav. minor, von Martens, Mew. Acad  Twp. St,
Petershonrg, XXX, p. 33, pl. iv, fig. 1.

“ Kobelt’s description and figures of the form as also those given by
von Martens are enough to recogniz: this form. I have also examined
shells out of Kobelt’s and von Marteng’ series. It is a depauperated or

' Weber, Abh. Konig. Bayer. Akuad, Wiss. (Muath. Phys. Klusse) XXVL, p 20
(1913,

2Qchlesch’s record of the occurrence of L. siugnaliz near Noti Mardan pub-
lished in the Rec. lid Muaz , II, p 108 (1908) needs confirmation In spite of
careful collecting in that are.. we have failed to find any specimens of this molluse
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dwarfed form belonging to the category of Kobelt's * Hungerformen.'
In characterizing the surroundings in which such forms occur Kobelt
states that the localities are not suited for the animals, usually have a
poor food supply and are mostly temporary areas of water with a very
low temperature. Kobelt’s type-series was obtained from near Lyon,
France, and he also had specimens from artificial ponds in the Rhone
Valley. Von Marten’s specimens were collected near Kashgar.

“The Kashmir specimens, which I assign to this form, are not
genetically related to the type-series, but have apparently under similar
biological conditions converged to the European and Central Asiatic
forms. The Kashmir specimens are a dwarfe( form: of what has been
described above as the race kashiniriensis, nov. but the race-characters
as in the case of Vivipara bengalensis' have become modified or
disgunised by the peculiar surroundings in which the animals were
living.

“The Kashmir shells are usually of a brownish-horny colour, but
some of the specimens owing to a black incrustation on the surface,
appear quite dark. The shell-substance is fairly compact, but not very
thick. There are usually 5 whorls, but the apex in most cases is
eroded., The spire is elongate, stumpy with whorls somewhat swollen,
the j.enultimate whorl being markedly so. The body-whorl, which is
not very large, is elongate-rounded, somewhat pear-shaped in dorsal
view and without any shoulder or keel. The monuth is ovoidal, but in
some specimens this is not so marked owing to the straight outer lip.
The columellar callus is distinctly, but deeply arched; its upper
margin is straight and it is free in its posterior 4 from the shell. The
shell is vertically striate, the striae becoming more marked and like ribs
on the body-whorls.

Locality.—Specimens were found in a fair-sized 2-3 feet deep pool
of water at Srinagar, Kashmir (alt. 5,200 ft.). The pool was a temporary
area of water full of aguatic weeds like Puotamogeton, Hydrilla, Nym-
phaea and Spyrogyra. The Limnaeas were very abundant in this pool
and hundreds of dead shells were lying along the banks."”

Other specimens of this form were obtained by Mr. G. H. Tipper,
Geological Survey of India, in Shandur Lake, Shandur Pass hetween
Chitral and Gilgit at an elevation of 12,300 feet.

Radix Montfort.

1911, Rudiz, Baker, op. cit , p. 178,
1915. Gulnaria, Preston, Faun, Brit, Ind, Freshw, Moll., p. 110.

This is another Palaearctic group so far as India 8 concerned. The
four species that occur in the Indian Empire are the type-species
(L. auricularia) and L. lagotis, another European species, with L. per-
siea and L. brevicanda, which are allied respectively to L. anuricularia
and L. lagotis. L. persica as its name implies, was originally described
from Persia, but also occurs in North-Western India and (exceptionally)
in the Deccan. The other three species are found in the Western
Himalayas.

! Annandale, Rec. Ind. Mus , XXII, p. 270 (1921)
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Limnaea persica Issel.

1919. Lim{;a%a persica, Annandale & Prashad, Rec. Ind. Mus., XVIII, p. 41, pl
, figs. 3—6.

This species has recently been described in detail, so far as the shell
is concerned, in the paper cited. We have extracted the radula and
examined the anatomy of specimens from Kumaon. The radular teeth
are remarkable so far as the laterals and inner marginals are concerned,
for their great breadth. The first 14 teeth are tricuspid while the other
laterals, when not abnormal, as is often the case, have a series of 4 to ¢
relatively broad but sharply pointed transverse cusps with two small
lateral projections on the outer margin. The marginals are narrow and
elongate with only 2or 3 cusps. The formula is approximately
24. 11. 1. 11. 24, but the differences between laterals and marginals
appear so gradually that it is difficult to make a distinction, and it
would perhaps be more correct to give the formula as 35. 1. 35.

The genitalia do not differ greatly from those of other Indian specics
except that the penis is slender and not quite equal in length to the
distal part of the penis-sac. It has, however, no terminal swelling.
The prostate in the specimen examined is kidney-shaped. The
spermatheca has a fine duct equal in length to that of the uterus.

Geographical distribution.—-The species was originally described
from Kerman in southern Persia. It has also been found in the Baluch
desert near Nushki, on the North-West Frontier of India near Peshawar,
in the Punjab Salt Range, in the Kumaon Lakes and in the Kangra
valley in the Himalayas. We have examined several specimens from a
large reservoir at Secunderabad near Hyderabad, Deccan. L. persica.
therefore, appears to be the only Palacarctic species of the genus that
penetrates into Peninsular India.

The species is probably a lacustrine form. It has heen found only
in fairly large bodies of still water.

Limnaea lagotis (Schrank) Martens

1874. ll'n'mmfliea lagotis, Martens in Fedtschenko’s Reise in Turlestan, Mollusca
. i1 . 22,

1877. Lim;:aega lagotis, Kobelt in Rossmissler, Icon. Land u. Siisswass Moll.
V. p. 37, Nos. 1240-41, pl. 128,

.. lagotis is an elusive species in literature in which the greatest
possible confusion reigns between it and . auricvlaric. The main
differences lie, so far as the shell is concerned, in the structure of the
spire and of the columellar fold. In L. auricularia the suture is
impressed and the whorls are fairly convex, but in L. lagotis these
features are greatly exaggerated, so that the spire assumes a scalariform
structure, as though it were disintegrating ard about to unwind. In
forms of this species in which the spire is very short it has the appear-
ance of being deeply sunk into the body-whorl and is surrounded by
a regular furrow or canal at its bagse. The differences in the form of
the columellar fold are discussed under L. anricularia. Otherwise the
shells of L. auricularia and L. lagotis are very much alike. Both are
characterized by the fact that at any rate in the adult the outer lip is
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greatly expanded and forms a wide uniform are, as a rule practieally a

axis of

gemi-circle, with the transverse axis at right angles to the main

1. Limnaea lagotis £. striata G. L. bre

wnda.,
2. L.oanriculuria, 7. L lugotis 1, costuluta.
3. L lagotis £, solidissi . 8 L. lagotis £, subdisjuncta.
4. L. anvienlaria. W L dagotis £, defilippii.

5. L. lagolis £ solidis

simd. 100 L. lagotis U subdisjuneta.

the shell. The maginof the lipis rather broadly (lattenced.  Appar-
ently L. lagolis never attains the saune dimensions as those of Large
gpecimens of L. awricuelaria,

We have no information as to the radula or genitalin: of the typiceal
form, which has not been found in India.  No less than five forms
occur in the Western Tlimalayas.,
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Form striata Andreae.

1013 Limnaea lagotis yar striata, Weber, (Abh K. Bayer, Akad, Wiss i Math.
Phys. KLy XXVI, pt. V, p. 24, pl. i, tigs. 10 a-k (except ¢ and g).

This form, judged from the figures published by Kobelt and
Martens, differs from the European forma typice in its more expanded
mouth, which extends further up the shell. In specimens from
Kashmir the shell is thin, and of a pale horny colour with fine longitu-
dinal strive. There ig considerable variation in the shape of the mouth,
which i8 somectimes auriculate and sometimes semi-circular. The
columellar fold is hroad 3nd well-developed. The largest specimen we
have seen from Kashmir has the shell 23 mm. long and 17°5 inm. broad
the mouth being 19 mm. long and 11'5 mm. broad. Most shells are
congiderably smallet.

The radula has comparatively large teeth but the central is relatively
siall. The tooth has the main cusp remarkably long and narrow and
separated by a very distinet notch from a lateral cusp on the right side.
The laterals are tricuspid with all the cusps well-developed, the entocone
and ectocone being subequal with the mesocone larger. 'Those near the
centre of the band are broad in proportion to their length but gradually
hecome narrower from within outwards. The inner marginals have
five or more large transverse cusps the outermost of which is very large
and broad, and also two well-developed lateral teeth on the outer
margin. The formula is approximately 29. 10. 1, 10. 29.

The genitalia resemble those of L. breviceude, but the duct of the
spermatheca is relatively wide,

Geographical  distribution.—This form is widely distributed in
Kashgar and the neighbouring regions (vide Weber). We have examin-
ed a large scries of specimens, some of which agree well with Weber's
figures, from a swamp near Gandarbal and in road-side ponds between
Ichabal and Martand in Kashmir.

The form occurs in areas of still water full of aguatic vegetation,

Form costulata Martens.
1874, L. lagotis var. costula.a, Martens, op, cit., p. 26, pl. ii, fig. 24,
1878, L, lagutis var. costulate, Nevill, in Hume's Sec. Yarkand. Miss. Moll,
p. 8

Thig form differs from the preceding chiefly in its longer spire.
The shape of the mouth of the shell is more constant and never so
expanded as in some specimens of the, form sfriata. The spire is
somewhat Variable and in sorae shells is relatively long, especially in
dorsal view.

The radula apparently differs from that of the form stricte in
that the laterals arc still larger and broader and that the teeth of the
marginals are fewer and rather less well-developed.

Geographical distribution.—The form was described (in Russian)
from Turkestan. We have examined a large series of specimens from
Leh in Ladak and from the Wurdwara valley, (8,500 ft.)in Kashmir, also
several recently obtained by Mr. (x. H. Tipper of the Geological Survey
of India, in marshy ground near the village Harchin in Chitral at an
elevation of about 9,000 ft. Some of the skells from the last named
localitgr resemble var. «ltipicte of Martens in the work. cited (pl. ii,
fig. 23).
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Form solidissima, Kobelt.

1872, Lunnaca lagotis vac. solidissima, Kobell, Malak. Blatt., XIX, p. 76, pl. ii,
figs. 17, 18

1877, Limnaea loyotis vav, solidissima. id op, cit, pl. 128, fig, 1242,

1878, Limnaea lagyotis var, solidissima, Nc\'i{l, ops cit., pe 7.

This appears to bhe an abnormal form with a very thick shell but
otherwise of  extreme  variability, It prohably lives in water of

T

7. L. shanensis £, hehoensis.

1. Limnaew shaneus

2. Do 8. L. horae £, tetior.

3. Do. 0. L. shanensis £, hehoensis.
4. L. shanensis £. hehoensis., 10. L. mimetica.

A, L. shanensis £, superstes. 11. L. horae.

6. L. shanensis £. hehoensis, 12, L. mimetica.

abnormal  chemical  composition. The shell is never very large
but is often relatively broad and with a very short spire, The
peristome is exceptionally well-developed, but the columellar fold
has never the peculiar shape or porcellan.cens consistency of that of
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L. obliquate Martens, which is otherwise closely similar in shell

characters. The largest specimen we have examined is 22 mm. long

and 14’5 mm. broad, tt e mouth being 15 mm. long and 10 mm. bread.
We have no information as to the radula or the genitalia.

Geographical distribution.—The form was described from the
Himalayas and we have examined a few small specimens from Kashmir
as well as the large series from Lake Pankong on the Pamirs recorded
by Nevill (op. cit.).

Form subdisjuncta Nevill.
1878. Limnaea lagotis dar. subdisjuncta, Nevill, op. cit., p. 9.

This is a small form with a relatively narrow shell and a rather
elongate spire of which the scalariform structure is peculiarly well
marked. The base of the spire is considerably narrower than the upper
margin of the body-whorl. The shape of the mouth differs somewhat
in different specimens, but is never much expanded. The columellar
fold is not at all well-developed. The largest specimen we have
examined is 11'5 mm. long and 7 mm. broad, with the mouth 8 mm.
long and 5 mm. broad. The surface of the shell is covered by a
blackish deposit in the type-scries.

Possibly this form should be regarded as a distinct species, but some
of the shells approach those of the form striata. We have not seen
either the radula or the genitalia.

Geographical distribution.—The type-series still in the Indian
Museum, is from Leh in Ladak. Weber (op. cit., pl. i, fig. 10 g) has
figured a specimen from somewhere in Central Asia, but we are doubtful
whether this shell really belonged to the form. Its peculiarities seem
to have been due to some interference in the growth of the shell and
the shape of the mouth differs from that of any specimen in the type
series.

Form bactriana Hutton.

1850, Limnaea bactriana, Hutton, Journ, As. Soc. Bengal, XVI1I (2), p. 656.
1919. Limnaea bactriana, Annandale and Prashad, I({’ec. Ind. Mus., XVIII,
pp- 40, 42, 45, figs. 5-A, 6-E ; v, figs. 1, 2; pl. vii, fig. 6.

A comparison with other forms of L. /ugotis convinces us that this
form must be included in the species. The mouth is relatively shorter
than in the other Indian forms, approaching that of the forma typica in
this respect, but the hasal whorl of the spire seems to be broader and
lower than in European specimens. The form has been fully described
by Annandale and Prashad in the paper cited. )

The radular teeth are considerably smaller than in the forms
costulata and striata but the central is relatively larger. The whole
radula seems to be narrower than in those forms. In a gpecimen from
Mesopotamia the formula is 16. 11. 1. 11. 16.

L. lagotis var. compressa, Andreae from Central Asia seems, to judge
from Weber's figure (loc. cit., fig. 10 ¢), to be very similar, but perhaps
the shell is a little narrower.

Geographical distribution.—The range of the species extends froth
Central Afghanistan to Seistan and 8. Iraq.

The form occurs in permanent ponds and pools, amongst dense
vegetation,

18
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Form defilippii, Tssel.
1865, Limnuea defilippii, 1ssel, Cataloy. Moll, Miss, Ital. in Persia, p. 43, pl.
ili, figs. 62, 63.

This form resembles . subdigjuncte in its general shape, but there
is usually an extra whorl in the spire and the shell is larger and more
fragile and highly polished on the surface. 'The largest shell we have

1. Limnaea acuminata f. brevissima. 7. L. acuminata t. gracilior.
2. L. biacuminata. 8. L. acuwinata f. malleata.
3. L. acuminata. 9. L. acuminata f. patula.

4. L. acuminata f. yracilior. 10. L. acuminata t. rufescens.
5. L. acuminata. 1. L. acuminata t. hians

6. L. acuminata f. chlamys.

seen is 17°5 mm. long and 10 mm. broad with the mouth 12 mm. long
hd 6°5 mm. broad.

Nevill, who regarded f. defilippit as distinct, has deseribed a form
serikulensis, which has a larger, broader and chicker shell than the true
defilippii. 'The surface of the shell is dull and malleated,
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The radular teeth are intermediate in size between those of
f. bactriana and those of the other forms we have examined. They
seem to be less numerous in each transverse row than in any of these
forms. The laterals are relatively short and broad, and the formula in
a specimen from Kashmir is 16. 8. 1. 8. 16.

- The genitalia arec of the usual type. The penis is slender and
approximately equal to that of the distal part of the penis-sac. The
spermatheca has a long duct, and the two together are approximately
. equal to the uterus in length.

Geographical distribution.—~The form defilippii was originally
described from Lake Goxtscha (5,500 ft.). We have examined a large
series of specimens from Kukar Nag in Kashmir which agree with
Issel’s figure and degcriptions fairly well.

The form occurs in rice-fields in Kashmir.

Limnaea brevicauda Sowerby.

1873. Limnaea brevicauda, Sowerby in Reeve, op. cit., XVIII, Sp. 105, pl. xv,
1876. Limnaea brevicauda, Hanley and ’lheobad op. cit., p. 64 pl 158 fig. 7.

This is an inflated short-spired lacustrine Limnaer which we were
at first prepared to regard asan extreme form of L. lagotis. 1t has been
confused with L. auricularia from which it differs not only in the
structure of the spire but also in that of the jaw, radula and genitalia.
The spire has 3 whorls and there is a distinct but narrow canal outside
the suture at its base. The body-whorl is always much inflated but the
spire never completely sinks into it as in some forms of L. curicularia.
The columellar fold is much twisted, fairly broad in the region of
the umbilicus but disappears below this point. It has not the porecel-
laneous texture of that of L. obliquate. The largest shell we have
seen is 19 mm. long, and 16’3 mm. broad with the mouth 16 mm. long
and 11°5 mm. broad. The shell is rather {ragile and has a translucent
luteous colour when fresh. The surface is smooth and polished with
numerous very fine close-set striae.

The radula is remarkable for the very large size of the teeth,
which are also numerous in the transverse series. Some of the laterals
are occasionally bicuspid but this is a mere abnormality, which is never
present in the first lateral. The cusp of the central, which is relatively
very small, is almost bilaterally symmetrical. The laterals are relatively
long and narrow with elongate sharply pointed mesocones and much
shorter ento-and ectocones. These two latter are subequal in the first
lateral. The free edge of the inner marginals, which are relatively
broader than the laterals is transverse and has five to six teeth of
which the outermost is much the broadest. There are two or three
small teeth on the outer margin. The outer marginals are narrow and
simple in structure with three terminal teeth. They are much less
asymmetrical than in many forms.

The genitalia closely resemble those of L. lagotis form striata, but
the spermatheca and its duct appear to be much narrower and the
epiphallus is slightly shorter These characters, however, may be
seasonal.
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Geographical distribution.—This is one of the commonest molluscs
in the lakes of the Kashmir valley, to which the species is perhaps
confined. The type-specimen was stated by Lowerby to come from
Australia but the error was demonstrated long ago by Blanford.

The species is found in slow-running streams issuing from
springs with a sandy or shingly bottom. In Kashmir the species
has been found in large numbers in streams round about Ichabal and
in the Chinar-Bagh nullah near Srinagar. Members of the species
seem to have a preference to stones and sand and are usually found
crawling on them, though aquatic plants are found in abundance in the
streams. They apparently feed on minute algue growing on stones and
other hard objects.

Limnaea auricularia (Linn.)

1805, Limnens auricularius, Draparnand, /ist. Nat. Moll. France, p. 49.
1870, Liv;mggaﬁamgcularia var ventricosa, Martons, Malakoz. Blitt., p. 152,
. 11, . 8, i
1877, Lzmnae’a aguricularia var ventricosa, Kobelt in Rossmissler’s Icon, Land
Siiss Moll., V, p. 40, pl. 129, fig. 1244,
1910, Limnaea ( Gulnaria) auricularia var rentricosa, Weber Zoolugisch, Jahrb.,
XXIX, p. 501.

This common European species, which also occurs in Kashmir, is
eagily distingnished from all the true Indian forms of the genus by its
short acuminate spire, and very oblique and greatly inflated hody-whorl.
It is, however, liable to be confused with two related species found with
it in Kashmir, namely, L. lagotis and L. brevicauda. From both of
these it can be distinguished when the spire is complete by the fact
that its suture is linear, whereas in the other two species the suture
is so broad that the spire has a scalariform appearance. The spire,
however, is often eroded and, if this is so, the structure of the columella
and its callus provides a sure means of diagnosis. In L.auricularia the
columella is very strongly twisted and appears as a broad fold which
occludes the umbilicus. This fold, however, is not continued down the
inner lip to the anterior margin, but disappears a shert distance in front
of the umbilicus. In the other two species the columella is not so
strongly twisted and its fold is continued down the lip, disappearing
gradually near the anterior margin. When L. awricularia is found
together with 7. brevicaudn, as sometimes happens in Kashmir, these
differences, once they have been detected, become very clear. The
largest shell we have seen is without the spire and is 21 mm. long, 17
mm. broad, with the mounth 19 mm. long and 11'5 mm. broad.

Another similar form, so far as the shell is concerned, is the Central
Asiatic L. obliguate Martens. In this species, of which we have
examined specimens from Issik-Kul the columellar fold has a very
peculiar character. In outline it is not unlike that of L. auricularia, but
it is greatly thickened and almost tubercular and has a porcellaneous
consistency instead of being mercly a thin lamella.

The jaw in the Indian specimens of L. auricularia we have
examined differs considerably from Baker's figure (op. cit., pl. vi, fig. D.),
for instead of there being a projection in the middle of the free margin
there is a well-defined excavation.
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The radular teeth are large and elongate as in L. brevicanda, but the
cusps are compamtivgly long and stout, and the mesocone is much

1. Limnaea luteola. 5. L, luteola £. siamensis.
2, L. luteola f. ovalis. 6. " "

3 L. luteola f. australis, 7. L. luteola f. impura.
4. L. luteola £, succinea. 8. L. physcus.

larger as compared “vith the ento-and ectocones and has a more lanceo-
late appearance. The central is relatively shorter and stouter than in
L. lagotis £. striata, and differs from that of L. brevicauda in having a
small lateral cusp on the right side. The formula is approximately
19.9.1. 9. 19. Baker's figure (op. cit., pl. vii, fig. C) of the radula
of this species was evidently drawn from a specimen in which several of
the laterals were abnormal having the entocone more or less completely
suppressed. Our preparations agree fairly well with Hazay’s figure of
European 3pecimena of this species (Malakoz. Blatt. (n.s.) V1I, pl. i,
fig. 1, 188)).
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In the genitalia the most noteworthy features are that the duct of
the spermatheca is even longer than in other Indian forms, consideratly
exceeding the uterus in length. The prostate is Gefinitely pear-shaped
and the vas deferens issues from a depression on its ventral surface
considerably above the distal extremity. The distal part of the
penis-sac has a more or less well-defined constriction a short distance
below its upper extremity. In all these points our preparations agree
with Baker's figure (op. ¢7t., pl. x, fig. C).

1. Limnaea laticallosa, 6. L. bowelli.

2. o. 7. L. hookeri.

3. L. truncatula. ¢ 8. L. stagnalis £. minor,

4 Do 9. L. stagnolis £. kashmiriensis.

5. Do. 10.  Do. do.



143

Geographicnl distribution.—The species is distributed over the
greater part of the Palaearctic region and has been introduced artificially
into green-houses in North America. The only Indian species of which
we know are from the valley of Kashmir.

The species is found in the shallower regions of slow streams with
thick vegetation and near the shore of lakes overgrown with aquatic
plants. In Kashmir it has been found on the shores of the Wular and
Dal lakes and in large'numbers in streams issuing out of these lakes,
or in skallow channels between floating islands. Living animals were
nearly always found on the leaves of aquatic plants on which apparently
they feed. ;

Shells from Kashmir are referred by Weber to the form ventricosa,
Hartmann, but our specimens do not altogether agree with Kobelt's
figures in Rossmissler’s Icon. We have very little European material
for comparison and do not feel justified in referring them to any of the
numerous described forms of the species to which we are strongly
convinced they belong.

Galba Schrank.

1911, Galba (in part), Bakor, op. cit., p. 199.

We use the term Galba in a much more restricted sense than Baker
(op. ¢it.), confining it to L. truncatule and its allics, all of which
can be distinguished by the great development of the columellar fold
of the shell.

This is probably another Palaearctic group that has penetrated into
the confines of the Indian Kmpire from the North and West. The
distribution of its species is, however, anomalous and the right to three
of the six we include to a place in the Indian fauna is not confirmed.
The type-species (L. truncatula) has been rightly recorded from Ladak
and occurs in Indian territory, also at high altitudes in Chitral, for most
previous records are, however, due, in our opinion, to confusion with
the closely allied L. andersonianc, the range of which extends from
Kastern China on the on: hand into Upper Burma and the Manipur
valley, and on the other into Kashgar and the Upper Indus valley. The
three species of which the inclusion in one fauna is doubtful are
L. hookeri and L. bowelli which are only known from the northern
watershed of the Himalayas in Tibet, and L. hordewm, which was
originally described from Iraq and has been rediscovered in Seistan and
in the Afghan desert near the Perso-Baluch frontier. The sixth species
of the group to be considered has been described by us in a paper we
published recently on the agnatic gastropods of the Inlé watershed. So
far as we know, its range is restricted to a small area in the Shan

Plateau.

Limnaea truncatula (MuMer).

1805. Limneus mnutus Draparnaud, Hist. Nat. Moll. France,p. 53, pl. iii, figs.
5—7: (Tableau, p. 51, 1801).

1862. Limnaeus truncatulus Xuster in Martni & Chemuitz, Limnaea., 1, abth,
17 B, p. 17, sp. 21, pl. iii, figs, 24--27.

1873. Limnaea truncatula Sowerby in Reeve's Con. Icon,, XVIII, sp. 8, pl. i.

1878. Limunaea truncatula (in part) Nevill, Reanlts, Sec. Yark. Miss., p. lg.

This species seems to run-ipto L. andersonianain a very interesting
manner, which we discuss below (p. 133). It is convenient, however, to
regard it as distinct for purposes of classification,
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A few shells of L. truncatula were collected by Stoliczka at Leh in
Little Tibet along with a large number of examples of L. andersonianc
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JAWS OF LIMNAEIDAE.
1. Limnaea acuminata 1. patula. 12. Limnaea truncatula.
2. Do. * do. 13. L. auricularia.
3. L. cu,ummata 14. L. luteola £. ovalis.
4. L. f. siamensss 15. Do.
5. L. luteola f. impura. 16. reica.
6. L. andersoniana. 17. L lo)eemcauda.
7. L. horae. 18. L. biacuminata.
8. L. shanensis £. superstes, 19. L. regra.
9. L. mimetica, 20. L. sran
10. L. laticallosa. 21. L. %taynalw f. Kashmiriensis..

*11. L. bowelli. 22, L. persica.

) ¥ Lateral pieces omitted in the drawing.
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with which he confused them, Nevill recorded in his Hand List shells
from Kulu, Kotgarh and Leh under L. truncatula, but we find on an
examination of the specimens that all except a few from Leh are
referrable to L. andersoniana.

Shells of this species from Leh are more or less typical but one of
them agrees with Maitens’ figure of L. t{runcatula var longula in
Fedtschenko’s Reise in Z’urlce.stan (pl. ii, fig. 26) except that it has the
aperture more expanded.

The only other known occurrence of this species within Indian
limits is due to Mr. G. H. Tipper of the Geological Survey of India,
who recently obtained a few shells from marshy ground near the
village Harchin in Chitral at an altitude of 9,000 feet. One of the shells
agrees with Marteng’ figure in the work cited except that the mouth is
less expanded. The remaining shells are much smaller and have a
relatively small and narrow aperture.

This is a mud-loving form and is practically amphibious in habits.

Limnaea andersoniana, Nevill.
1878. Limnaea Iruyvatulq, Nevill, o.p. cit., p. 10

1881. L-v 2a o ana, Nevill, Journ, As, Soc. Bengal, 1 (2), p. 142, pl.
1918. Lirén;ae%' gmk1'aortia)ta. Annandale Rec. Ind. Mus., XIV, p. 106, pl. x,
s 1, 2.

1919. Limnaea truncatula Annandale and Prashad, op. cit., p. 50.
1921, Limnaea andersoniana, Annandale and Prashad, Rec. Ind. Mus., XXII,
p. 574, pl. viii, figs. 1-6.

This species differs from any we have as yet discussed in its extreme
plasticity. Individual variability is as a rule, however, by no means
pronounced. The main environmental factor in its plasticity is as a
rule apparently the flow of water, for we can define three well-marked
phases, one of which lives in still water, one in ordinary hill-streams
and one in rapid-running mountain torrents. We are acquainted also
with a fourth phase intermediate between the first two and, in one
instance, inhabiting a pond into which a stream tlows at certain seasons,
but the characters of this phase are much less definite. We propose for
it the name intermediu. The pond form is the forma typica, while
the stream form has already received a name (simulans Preston). We
propose for the torrent form the name turbinicola.

The great difficulty we experience in describing L. andersoniana is
that it approaches in its runuing-water phases very close to L. trunca-
tula, from which the forma typica seems to be quite distinct. We will
discuss this point at the end of our notes on the species.

The shell is distiuguished primarily by the following characters ;:—

(1) The possession of a very coarse broad and moderately
elongate columellar fold, which completely occludes the
narrow umbilicus but stands out over it in such a way that
a passage leading to the umbilicus is left open on the dorsal
surface of the shell.

(2) The more or less elongate-ovate shape of the shell.

(3) Its comparatively small size (height not exceeding 12 mm.,

and maximum diameter 6 mm.).

19
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(4) The slight flattening of the upper margin of the whorls outside
the suture.

(5) The very slight obliquity of the suture and its linear struc-
ture.

(6) The fact that the spire is never so long as the body-whorl ag
seen in dorsal view. :

The colour and texture of the shell vary considerably in different
localities, but it is never very fragile and never dark. The surface is
never very highly polished.

The differ2nces in the shell are well shown in the work cited last.

The jaw offers no startling peculiarity. The mandible forms a
segment or sector of a circle less than a semi-circle and the free border
is slightly sinuate. The side-pieces are strongly curved and shorter
than in some species.

The radula raises the interesting question, How far is the form of
radular teeth to be regarded as of real taxonomic value? It will be
gimplest to describe radulae of three different types separately.

The first type is that of specimens of the forma typica from the
neighbourhood of the Inlé Lake in the Southern Shan States. The
formula is approximately 18. 10. 1. 10. 18. The teeth are comparatively
short and broad. The central is relatively large with a sharp. well~
defined cusp on one side of the main cusp. The inner laterals have three
well-developed cusps, the ectocone and the entocone being subequal,
but the latter issituated on the side of the mesocone much further from
the base than the former. The outer laterals or intermediate teeth
have four to five cusps in addition to an outer marginal denticulation
or pair of denticulations representing the reduced ectocone. The
marginals are very similar but grow gradually narrower from within
outwards.

The second type is that of specimens of the form simulans from
streams in the same district. The teeth are perhaps a little more
numerous and distinctly larger and longer in proportion to their
breadth. The basal denticulations of the outer laterals and the
marginals are better developed, but otherwise there is no structural
difference.

The third was found in the radula of a specimen from a series of
intermediate shells from the Simla Hill States. Unfortunately we
have succeeded in extracting only this one radula. It differs from
those of Shan specimens in (@) the obsoletg condition of the entocone,
which is reduced to a mere projection in all the first lateral and is only
a little bigger in the outer members of this series and (b) in the deeper
cleft between the meso-and ectocones of these teeth. The marginals
also have a greater tendency to assume monstrous forms. As we shall
see later this radula exhibits a close resemblance to that of L. ¢runca-
tula.

The genitalia of L. andersoniana are also very like those of
L. truncatula. The spermathecal duct is a little longer than the
uterus and seems to have a permanent curvature just below the
spermatheca. The prostate is heart-shaped and the vas deferens issues
from it near the pointed distal end. The penis is very slender and
distinctly shorter than the distal part of the penis-sac,
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Geovgraphical distribution.—L. andersoniana is common in the
Chinese province of Yunnan, in the Southern Shan States and in the
Manipur valley. It also occurs in the Nepal valley, in the Kangra
valley, in Ladak and in the Simla Hill States on the Himalayas, and in
Kashgar. It appears thus to be always or almost always an inhabitant

"RADULAR TEETH OF LIMNAEIDAE.

;A.. Limnaea stagnalis £. loaah;airiemia. C. L. auricularia,
B. L. stagnalis £. minor, D. L. brevicauda.
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of mountain valleys. The common form in Yunnan is simulans
while the specimens we have examined from the Western Himalayas
and neighbouring districts belong more or less uefinitely to the form
intermedia which also occurs in Assam near the base of the Naga Hills.
The form {urbinicola is only known {rom the hills-on the western side
of the Manipur valley, but the form simulans probably occurs in all

eastern districts in which the forma typica is found.
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RADULAR TEETH OF LIMNAEIDAE.
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We may now discuss the relationship between L. andersoniana and
L. truncatula. We have seen shells from Chitral on the north-west
frontier which can bé definitely assigned to the latter species, and
specimens of L. andersoniana from the extreme north-west of India
do not approach it any closer than those of the form simulans from the
Southern Shan States. * The two species, however, granted that they
are distinct, resemble one another closely in shell structure, particularly
in the form and texture of the columellar fold and in the direction
and.character of the suture, and the adjacent part of the whorls. So
far there is nothing to prevent the two species from being regarded
as quite distinct,” though closoly allied. This view is also borne
out by comparison between the genitalia of the forma typica of
L. andersoniana and those of typical European specimens of L. trunca-
tula. An examination of the radula of the different forms con-
cerned, however, renders the problem much more complex. We find
that the teeth of the furmna typica, or at any rate of individuals of this
form from the Southern Shan States, do not possess the characteristic
features of those of L. truncatula. If, however, we examine the radula
of individuals of the form simulans from the Southern Shan States we
find a distinct approximation to the truncatula type, while in indivi-
duals of the f. intermedia from North-west India the similarity is much
greater amounting indeed, if sufficient allowance is made for individual
variation, to a practical identity. The explanation may be as follows,
but we offer it tentatively.

L. andersoniana has bacome differentiated from L. truncatula on or
near the north-west frontier of India, probably in the upper waters of the
Indus. Here some factor induced great variability of the shell, which,
however, became more different from that of L. ¢runcatwla than did
the radula. In the eastern parts of the range of L. andersoniana the
form simulans became more clearly differentiated from the forma
typica, probably in direct correlation with a greater differentiation of
environment in the same localities than was to be found in the mountain
valleys near the head waters of the Indus and the Jumna. The form
stmulans which retained the amphibious habits of L. truncatula most
distinctly underwent comparatively little change so far as the radula
was concerned, whereas the pond-living forma typica underwent consi-
derable change in this respect.

Unfortunately we have not been able to examine the radula of
individuals of the form intermnedia from Manipur. It is possible that
they are reversions to an ancestral type in a strict sense and that their
radula will be found on examination to agree with that of individuals
from the north-west, but whether this is 8o or not can only be proved
by an actual examination of specimens.

Limnaea hookeri Reeva.

1850. Lymnaea hookeri, Reeve, Proc. Zool. Soc., XVIII, ﬁ 49.
1878, Limnaea hookers, Sowerby in Reeve Con. Icon. XVIII 8p. 74, ;l. xi,
1909. Limnaea hookers, (in hp;art Preston, Rec. Ind. Mus,, III, p. 115.
1915. Limnaea (Gulnaria) hookers, id., Faun. Brit. Ind,, Moll., p. 111

The shell js of moderately small size, not exceeding 12 mun,
in height and 8 mm. in makximum diameter. It ig of a rather broad
ovoid shape, minutely blunted at the apex. In many points it closely
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resembles the shell of L. andersoniana (p. 38). The following

characters are diagnostic :—
(1) The upper margins of the whorls are rather broadly flattened

outside the suture.
(2) The suture is very oblique, especially just above the body-

whorl.
(3) The columellar callus is very thick and almost procellaneous.

(4) The umbilicus, though covered by the fold of the columella
in ventral view, is conspicuously present in lateral view.
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RADULAR TEETH OF LIMNAEIDAE.

A. Limnaea bowelli. D. L. gadroawm.
. B. L. hookeri. - E. L. peregra.
C. L. iranica.
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In other respects the shell is not unlike that of the widely distributed
Palearctic L. peregra in its form ovata.

The radula differs from that of all other Indian or Southern
Palzearctic species (with the exceptlon of some specimens of L. ander-
soniana) so far as they, are known, in the fact that the entocone of the
first lateral is reduced to a slight projection, the other teeth of the same
series being distinctly tyicuspid, at any rate for several longitudinal
rows. Those of the sixth row in the only specimen examined have lost
the entocone, but this is probably abnormal, as the cusp is well
developed in subsequent rows. The mesocone of all the laterals is
fairly long, sharply pointed and rather narrow. In the intermediate
tecth it often assumes a more or less monstrous form and finally becomes
broken up into several smaller cusps. The transition from laterals to
marginals is gradual. The latter have a transverse series of four or five
fairly stout cusps, of which the outermost, representing the mesocone,
is the largest, and also one or more comparatively long narrow cusps on
the outer margin. We cannot give the dental formula exactly, as our
radula extracted from a dried specimen is incomplete. There are 11
laterals and at least 9 marginals.

Geographical distribution.—It is doubtful whether L. hookeri occurs
actually within the limits of the Indian Empire. Hooker discovered
the original spécimens according to Reeve, * on the Thibetian or north
side of Sikkim Himalaya, at 18,000 feet elevation.” Major F. H.
Stewart found the species not uncommon in Eastern Tibet at altitudes
from 13,000 to 14,000 feet.

Habits.—Major Stewart obtained his specimensin a pond which
dried in winter, in a stream from a hot spring and in marshy pools.
Spawn was observed in February and March.

Limnaea bowelli Preston.
1909. Limnaea bowelli, Preston, Rec. Ind. Mus., II1, p. 115,

This species was cescribel from an immature shell or shells only
8’5 mm. high. We recently received a large specimen from Major
F. M. Bailey, who took it at a height of 16,000 feet in Southern Tibet.
This specimen is 15°5 mm. high and 11°0 mm. broad and differs in
several particulars from the type, coming very close to some shells of
L. hookeri but differing from them in its impressed suture and much
wider umbilicus. It is of a fairly dark chestnut colour.

The radula differs greatly from that of L. hookert, the first laterals
in particular being tricuspid. Other differences are to be found in the
figures. According ‘o Bowell as quoted by Preston ‘ the maxilla is also
very remarkable with a large blunt beak arising from the centre ot the
semicircular piece.” Our own preparation hardly shows a structure
so peculiar, but there is a definite projection on the posterior margin of
the jaw, a little more pronounced than in any other species we have
examined.

The genitalia offer no great peculiarities.

Geographical distribution.—The species has not been found within
Indian limits but seems to b4 fairly common in the Gyantse valley in
Tibet and the neighbouring districts, Major Bailey’s specimen is from -
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Tratsang (16,000 feet). The species often occurs in warm springs. 1t
has been found at altitudes between 13,120 and 16,000 feet. :
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RADULAR TEETH OF LIMNAEIDAE.
A. Limnaea laticallosa. D. L. andersoniana f. intermedia.
B. L. andersoniana. E. L, trunc.tula.

C. L. andersoniana . simulans.

Limnaea hordeum Mousson.

1874. Limnaea hordeum Mousson, Journ. Conchyl. XXII, g
1919, Limnaea hordeum Annandale & Prashad, op. cst., p. bl, pl vii, fig. 5, and
p. 114, pl. xiv, figs. 4, 5.

This curious little species which is only known from the shell,
differs from L, truncatula chiefly in its more rounded whorls, more
. obligue suture, thicker lip, and less well deveioped columellar fold.
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Specimens have been found on the shores of the lower Euphrates,
in flood debris in Seistan, and at the edge of Gaudi-i-Zirrreh, the great

salt pan in the Afghan-Baluch desert. All these shells may have been
subfossil,

Limnaea laticallosa Annandale & Rao.
1925, 1 imnaea laticallosa Annandale & Rao, Rec. Ind, Mus., XXVIIL, p. 105.
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RANULAR TEETH OF LIMNAEIDAE.

A. Limnaea luteola. C. L. luteola f. oralia.
B. L. luteola f. australis. D. L. ovalior.

Pseudosuccinea Baker.
1911, Pseudosuccinea, Baker, op. cit., p. 162,

The great majonty of the true Indian and Burmese species belong to
this group, which is also well represented in Europe (by forms of
Limneea peregra or very closely allied species) in North America and

20
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throughout practically the whole of Asia. In peninsular India Pseudo-
succinea wasd established as early as the late Cretaceous epoch. The form
L. oviformis very closely related to the living L. luteola was found by
Hislop in the Intertrappean beds of the Central Provinces. It is thus
possible that the group originated in India, but the Indian species are
closely related to the Palaearctic L. peregra through several forms
peculiar to or characteristic of Baluchistan and Eastern Persia. Resem-
blances are to be found not only in the shell but also in the radulae and
genitalia.

Limnaea iranica Annandale & Prashad.

1919. Limnuea iranica, Annandale & Prashad, op. cit., p. 43, pl. vii, fig. i and
p. 42, fig. 6F.

This species and its ally, L. gedrosiana, form links between the
characteristic Indian L. acuminata and the European members of the
peregra group. L. iranica has been fully described by Annandale and
Prashad. The shell is very like that of smaller forms of L. acitminata,
but the outer margin of the lip is more convex and forms a regular
curve.

The jaw differs from that of L. acruninata in having a straight
instead of a sinuate posterior margin.

The radulais very close to that of European specimens of L. peregra,
but is distinguished by the more oblique and more profusely denticu-
lated cutting margin of the marginals. The denticulation of the inner
members of this series is indeed very characteristic and distinguishes
the species from L. acwminata. In all these forms the cusp of the
central is very asymmetrical, the projection on the left having disappeared
completely.

Geographical distribution.—We have examined specimens collected
by Blanford in Persian Baluchistan and at Magas in Southern Persia,

Limnaea gedrosiana Annandale & Prashad.

1919, Limnaea gedrosiana, Annandale & Prashad, op. cit., p. 48, pl. vii
figs. 2—4 ; p. 42, text, figs. 6A and b, p. 1(‘7.], P L Vi

This species has also been recently described by Annandale and
Prashad. It is still more closely related to L. peregra than L. iranica,
but the shell is narrower as a whole and has the arc of the lip somewhat
flattened above. The spire is also, as a rule, longer and the mouth
projects further below the umbilicus.

The radula differs from that of L. 77anica in having fewer denticu-
lations on the inner marginals. From that of L. peregra it only differs
in having the teeth somewhat stouter and larger, possibly also the
marginal and lateral series are a little shorter. ‘The formula for a
specimen from Persian Baluchistan is 18.7.1.7.16.

Geographical distribution.—The species was originally described
from near Kerman in Eastern Persia and has since been found in lakes
near Nushki in the Baluch-desert. Quite recently Dr. S. L. Hora
obtained specimens in the Punjab Salt Range from Namal on the east
side of the Indus.

The species is found ixt pools and backwaters and is active in very
cold weather. It feeds on rotten vegetation and on goat-dung. It often
lives in rather saline water, - .
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In the Baluch-desert this species occurred in apparently perennial
pools or lakes. Only empty shells were, however, found in winter.

¥orm rectilabrum Annandale & Prashad.

1919. Limnaea gedrosiana var rectilabrum, Annandale & Prashad, op. eit.,
p- 49,'pl. vi, figs. 1—6 ; p. 40, figs. 5B ; p. 42, figs. 6C, 6D.

This form is distinguished from L. gedrousiana by the flattening of
the outer lip and its greater variability.

Geographical d'stribition.—Specimens have been found in the
Kushdil Khan reservoir in Baluchistan at an altitude of 5,000 feet, and
also in a small, pool in the desert south of Nasratabad in Seistan.

This form has been found only in desert pools which are liable to
dry up in summer.

Limnaea shanensis Annandale.

1918. Limnaea shanensis ()ﬁ)hases A to D) Annandale, op.cit., p. 107, pl. x,
figs. 5 8; pl. xi, figs. 2, 3.

This species represents on the extreme east of the Indian Empire
somewhat the same relationship to L. acuminata as L. iranica and
L. gedrosiana on the west to L. peregra. It is also closely related to
L. yunnanensis Nevill from Yunnan, but the shell is distinguished from
those of both species by its much narrower columellar fold and less
acuminate apex, which ig, indeed, minutely mamillate, The shelliis ex-
tremely plastic but two of the three forms with which we are acquainted
are only known in subfossil or fossil condition. The shell never
exceeds 10'5 mm. in length and 6°5 mm. in breadth and is always thin
and fragile.

The radula of the surviving form resembles that of other species in
the group but the laterals are distinguished by their quadrate form and
relative breadth except in the first lateral. Moreover the mesocone is no
longer than the entocone. The dental formula is 20.8.1.8.20.

The three forms may be defined as follows :—

Form typica Annandale.

1918, Limnaea shanensis (phases A and D), Annandale, op. cit., pp. 107 and
09, pl. x, figs. 5 and 8.

The shell is narrow and has only 3} whorls. The mouth is some-
what expanded and the lip is slightly sinuate in lateral view. The width
of the shell and the length of the spire are somewhat variable. It is
found subfossil in the friable clay of the He-ho basin.

The form described by Annandale (op. cit., p. 109) as phase D appears
to be only the young of this form.

This was apparently a lacustrine form.

Form superstes nov.
1918, Limnaea shunensis (phase C), Annandale, op. cit., p 108, pl. x, fig. 7.

This is a still narrowe. form.with the apex composed of a complete
whorl. It survives in the Inlé valley, where it is found in the
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tharginal zone of the Inlé Lake and in ponds amidst dead and growing
vegetation.
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RADULAR TEETH OF LIMNAEIDAE.

A. Limnaea acuminata. D. L. horae.,
L, biacuminata. E. L. mimetica.
C. L. shanensis f. superstes.

Form hehoensis nov.
1918. Limnuea shunensis (phase B), Annandale, op. cit., p. 108, pl. x, fig. 6.

The chief characteristic of this torm is in its reduction of the spire,
the apex being composed of less than half a whorl. We have only
found it in a curious deposit of calcareous particles at the head of the
He-ho gorge, Southern Shan States, altitude 3,800 feet.

The differences between these three forms are best shown in our
figures.
Limnaea phyacus Annandale & Rao.
1925, Limnuaea physcus, Annandale & Rao, op. cit., p. 104.

Limnaea mimetica Annandale. .

1918 Lumzaea mcmeuca Anunndale op. cit,, p. 109, pl. x, figs. 9, 9a ; pl. xi,

g-
The shell of thls remarkable form is* fully described and well-
figured by Annandale. It appears to be a dwarfed race of the
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acuminate group and is clossly related to L. shancnsis though distin-
guished by woll-marked characteristics of the jaw, the radula and the
genitalia.

GENITALIA OF LIMNAEIDAE.

A-C. Limnaea stagnalis f. kashmi- L-N, L, lagotis £. defilipp:.

riensis. . E, H,M. Ventral view of prostate
D.F, L. lagotis £. striata. . gland.
G-K. L. brevicauda.

NoTE.—a. albumen glanc ; a. ¢. accessory albumen glands ; h.g. hermaphrodite
gland; h. hermaphrodite durt; o. oviduct; p. prostate gland; p. e. penis; pp
protractor muscles of penis; p.s. genis sac; r. spermatheca; 7.p. retractcr
muscles of penis; u uterus ; » vas deferens.
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A second collection made at the Inlé Lake in March 1922 proves that
the species is a little more variable than is indicated in the original
description. Our figures show the extreme range of variation known
to us.

The jaw is remarkable for the great relative breadth and shortness
of the mandible and for the straightness jof the side pieces. The outer
margin of the mandible is arched in a slightly sinnous line while the
posterior is also slightly sinuate.

The radula is very small even relatively and has only 35 teeth in a
transverse row, the formula being 12.5.1.5.12. Th: teeth differ from those
of L. shanensis not only in their small size but also in being relatively
a little narrower. The marginals are also more curved and the cusp of
the central is relatively longer and sharper.

The species is only found amongst dense growing vegetation, parti-
cularly Najas minor, in very clear water in the Inlé Lake.

Limnaea horae sp. nov.

This species i8 closely related to L. mimetica, but the shell differs
(1) in having the spire better developed and broader, with an extra
half whorl at the apex, (2) in the complete absence of a columellar
callus, (3) in the nature of the sculpture, in which minutely decussated
longitudinal strise, set close together and very numerous, are a
conspicuous feature. Some shells, moreover, are distinctly pigmented
and of a pale horny colour.

The jaw resembles that of L. mimetica in the shortness and breadth
of the mandible (a character which is even more accentuated in the new
species) and algo in the slenderness of the side pieces. They are,
however, geniculate inwards instead of being straight, and slightly
fimbriated on their inner margin.

The radula is perhaps even less well developed than in L. mimetica,
the dental formula being the same. The teeth differ in being shorter
and broader. The cusp of the central is also 2onsiderably smaller.

The genitalia are very similar in the two species, but the duct of the
spermatheca is much longer than that of 7. mimetica.

12481
Type-specimen.—M 5= Zool. Surv. Ind. (Ind. Mus.).

We are indebted to Dr. Sunder Lal Hora for the following note on
the habitat of the species :

“ Living specimens were found in the backwater of the Thumarkur
nullah close to the railway bridge about three miles from Sorupeta on
the Amingaon side, Assam. They were found on r.tten twigs of trees
which were floating in water or partly embedded in mud at the bottom.
There wgs no vegetation except long grass near the shore. The water
was quite clear and the bottom muddy.”

Form latior nov.

The shell of this form, wflich is closely allied, to the typical L. horae
differs in its thicker shell, broader body-whqrl, shorter spire, and in
the fact that it possesses slight traces of a columellar callus.
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Dr. Hora obtained two specimens from near Amingaon in Assam
and has furnished us with the following note on the habitat :

“ Living specimens were found attached to weeds in Jaulah lake
situated at a short distance from Amingaon. The lake is flooded every
year by the Brahmapntra. It is almost choked to the surface with
water weeds, and approaches to it from all sides are through a marshy
land covered with long :lephant-grass. In most respects it is like the
Loktak Lake in Manipur.”

.

Limnaea acuminata Lamarck.

We have already referred to the extreme variability of this species
in certain circumstances and the question has been discussed by
Annandale and Prashad elsewhere ( Rree. Tnd. Mus., XX1II, p. 568, 1921).
Before attempting to differentiate the species from others or to separate
its various forms we must say a little more on this point. In certain
places theve is extreme variability and a series of shells can be selected
that includes representatives of the greater number of the forms here
recognized. In other places, however, the species is much more stable
and its shell-characters are, comparatively speaking, constant. We do not
know why this is so. So far ag our experience goes, the variability
seems to be rather an inherent character of certain strains or family
groups in the species than to be dirvectly due to the effect of environ-
ment. Nevill probably had the samec idea, for he gave the manuscript
name “‘var. variabilis” to a large series of shells from Moradabad
which exhibited this character in a supcrlative degree.

Apart from variability in the strict sense of the term true plasticity
also apparently occurs. In certain places all the shells are very small.
These places are either situated at rather high altitudes or else afford an
environment in which succulent aquatic vegetation isscanty. Dwarfing
is probably due, therefore, either to too cold a temperature or to scanty
food supply and may thus be regarded as a manifestation of the
phenomenon of plasticity. One other character also occurs to be
definitely correlated with environment, viz., extreme thinness and pale
colouration of shell, with which is associated a distinet malleation of
the surface. Shells with these characters occur as a rule in running
water amongst green filamentous algae.

These are the only characters, however, that we can claim definitely
as due to plasticity, though we may suspect that others are also present,
and for the causation of the majority of our *‘ forms’ we can make no
constructive snggestion. We must, thercfore, leave them as mere
forms, including under the term both extreme examples of variability
(e.g., f. gracilior) aad authenticated examples of plasticity, as, for
example, the mountain phase hians.

Geographical factors seem to have little, if any, significance in this
species, but it is alwaysrare in districts in which the differences between
the dry and the wet seasons are extreme, probably because it lives, as a
rule, in perennial pools and feeds mainly on succulent vegetation.

Although as a matter of convenience we teat these forms as distinet,
we must make it quite rlear that all of them grade into other forms
and that we have found mary shells which we cannol assign definitely
to any one rather than another,
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The ultimate characters whereby the shell of L. acuminata can be
distinguished from those of allied species are.of a very subtle kind.
We must rule out colour, size, thickness and even sculpture completely,
as all of these are liable to extreme variation, and even outlines must be

GENITALIA OF LIMNAEIDAE.

-C. Limnaea laticallosa.

A O-L. horae.

D-G. L. peregra. B, E,J, M. Ventral view of prostate
H-K. L. persica. gleng.

L-N. L. truncatula,

Lettering as in page 157,
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considered with the greatest caution. Practically all that remains as a
sure foundation for specific diagnosis is the nature of the spiral course
of the shell, the form of the outer lip and a number of negative
characters which differentiates the species from certain others but not
from its nearest allies. We may deal with the last first. The whorls
and their upper extreniity ismever flattened or truncate. The suture is

GENITALIA OF LIMNAEIDAE,

A C. Limnaea anricularia, B, E, H, L. Ventral view of prostat
D-F. L. andersoniang,. gland. oF prostate
G-J. L acuminata. Lettering as in page 157,

K-N. L. luteola . ova.is,
21
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never anything but linear. The body-whorl is never greatly inflated
and the spire is rarely very short. The apex is never blunt. The
sculpture is never very prominent, but the shell s never quite smooth.
The mouth of the shell is never very oblique and always relatively high
and narrow., So far as positive characters are concerned, the outer lip
differs from that of the nearest ally of the specizs (L. yunnanensis) in
that it is very little convex as a whole in lateral view in a ventral direc-
tion. The lower part, however, may project « little in this direction,
From other allied forms the structure of the spire differs considerably.
The suture is very oblique and roughly gyrate and the whorls are, as it
were, very lightly wound together. The slope towards the apex is
therefore gradual and even and the spire passes into the body-whorl
gradually and without an abrupt step. The length of suture, moreover,
seen in dorsal view just above the body-whorl, is always considerably
longer than the diameter of the base of the spire taken with the callipers
at right angles to the main axis of the shell. In the great majority of
shells there ig a perceptible change in the direction of the suture, which
turns upwards slightly on the outer part of its final gyration. The
direct length of the spire is usually greater than the direct basal
diameter.

The jaws and radulae closely resemble those of the Kuropean
L. peregira, but the mandible is stouter and the teeth a little shorter and
broader in proportion. The mandible is stout and as a rule almost
semicircular. Occasionally, however, it is subquadrate, the lateral
extremities being obliquely truncate. The posterior margin is sinuate
or nearly straight. The lateral pieces are short, tapering, slender and
strongly curved.

The radular formula is variable, but there are usually about 20
marginals. The teeth are short and stout. The central is relatively
large and its cusp is markedly asymmetrical. The laterals are normally
tricuspid with the mesocone large and with slightly sinuate and
distinctly lancecolate outline. The entocone ig situated considerably in
front of the ectocone, which is rather small. All but the outer margi-
nals have the free margin transverse with a large outer tooth and one or
two outer denticulations near the base.

We have not found any constant difference in the jaws and radulae
of the different species.

The genitalia conform to the type of the group. The penis-sheath
seems to be longer and narrower than in L. peregra and the penis
probably shorter. The duct of the spermatheca is also longer.

The range of this species is somewhat restricted by the fact that it
always lives in bodies of water which are permanent throughout the
year and contain abundant vegetation. It rarely leaves the water, but is
occasionally found on the upper surface of water lilies and similar
plants. It feeds chiefly on soft vegetation and is particularly fond of
the decaying leaves of Limnanthemiin and water lilies. On occasion
it is cannibalistic and in captivity will feed on soaked bread.

.

Forma typica.
1837, Lamna{-ug amygdalum, Troschel in Wiegmann's Archiv, fur. Naturg., II,
(1

1841. Lymnea acumnmra Delessert, Recueil Coquilles decrit par Lamarck,
pl. 30, figs. 6-A and B.
1878, Linuea acuminata, Sowerby in Reeve's Con, Icon., Sp. 66, pl. x,
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1876, Limnaea acuminata, Hanley & Theobald, op. cit., p. 30, pl. Ixix, figs. 8, 9.

1878. Limnaens acuminatus, Nevill, op. cit., p. 233,

1881, Limnaea acumipata var. amygdalum, Martens, Conch, Mittheil., 1, p. 76,
pl. xiv, figs.' 7, 8.

1921, Limnaea acuminata, Annandale & Prashad, op. cit,, p. 568, fig. 12a, b,

In this form the shell is always fairly large and has a regularly ovate
outline, The spire is short and broad. The colour of the shell is
variable and the sculptuve consists of fine curved vertical lines without
spiral lines or ridges or with sculpture of the kind very fecbly
developed.

We have examined specimens from the Panjab, United Provinces,
Central Provinces, Chota Nagpur, Bengal and Assan.

Form patula Troschel.

1837, Limnacns patulus Troschel, op, eit., p. 167,

1881, Linnaea asnnenate var patula, Martens, op, eit., p. 75, pl. xix, figs. 1, 2,

1919, Limnaea wenndnata, Anmandale & Prashad, Rec. Ind. Mus, XVI, p. 140,
pl. v, fig. 1,

This is a considerably narrower form of equal or greater size with a
relatively muneh larger spire. The mouth of the shell is less expanded,
especially towards the anterior extremity.

We have examined specimens from Peshawar, the Kangra valley,
Rawalpindi, the Salt Range in the Punjab, Chota Nagpur, the Nepal
valley in the Himalayvas, Mysore, Hyderabad (Deccan), the Kurnool
district of Madras, and Manipur in Assam.

¥orm chlamys Benson.
1836, Limnaew chlamys, Benson, Journ. .1s. Soc Bengal, V, p. T44.
1876, Limnaew chlamys, Hanley & Theobald, op. cit., }7 30, pl. 69, figs. 5, 6,
1019, Limnaea chlamys, Anmandale & Prashad, Rec. Tud, Mus., I\'Vi pp. 142—
143, fig. 4 ; pl. v, fig. 3.

This form is intermediate between F. fypica and f. pufwle. The
spire is, however, narcower than in either and the columella a little
more twisted.

We have examined specimens from the Gurdaspur district of the
Punjab, from Moradabad in the United Provinces, from the Dehing
river in the extreme cast of the Himalayas, and from Manipur in
Assan.,

Form rufescens Gray.

1820 Limnaea rufescens. Gray in Sowerby's Genera of Skellx, 1, Limnea, fig. 2,
1873, Limnaea patule, Sowerby in Reeve, u{; cit, pl. 2, Sp 10,
1876 Limnaea rufescens, Hanley & Theobald, op. cit., p 30, pl. 69, figs 1—4.

This is a still narrower form than any other with which we have
dealt and has a larger spire.  The mouth of the shell is also relatively
shorter and less expanded.  The colour of the shell is not always redder
than that of other forms.

We have examined specimens from Peshawar and Sind, Ghazivur in
the United Provinces, Chota Nagpur, Bengal, Burma, the Andaman
Islands, Colair Lake in the Kistna district of Madras, and Secunderabad,
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Form gracilior Martens.

1873. Limnaea rufescens, Sowerby in Reeve, o ﬁ;ut.. pl. 3, 8p. 1

1876. Limnaea rufescens, var. Hanley & Theobald, vp. cit., p. 3() pl 70, fig. 1.
188L. Limnaea acuminata var. gracilior, Martens, op. cit., p. 77,

1921. Limnaea acuminata, Annandale & Prashad, op. cit., p. 569, fig. 12 g. h,

The extreme limit of narrowness of the shell in L. acuminaia
relative to size is reached in the formn gracilivr. The spice is relatively
long and narrower than that of f. rufescens. '1he mouth of the shell is,
as a rule, still less expanded than that of the latter formn. The sculp-
ture is often inconspicuous, and the surface of the shell has a smooth
appearance. The colour of the shell varies from a dull gray or cream
to a light pink.

We have examined specimens from Calcutta and Rancegunge in
Bengal, from the districts of Singbhum and Manbhum in Bihar and
Orissa, the Ganjam district of Madrag, Ghazipur and Moradabad in the
United Provinces, and from Moulmmein, Mandalay and the Northern
Shan States in Burma.

Form hians Sowcarby.

1873. Limnaca hians, Sowerby in Reeve, op. eit., Sp 57, pl. ix.
1886, Limnaca Imum Clessin, Martini & Chemnitz's Conch. Cab. Limncecea, I,

p. 392, (g lv, fig. 9.
1015, Luumwu,( wlnar m) hians, Preston, op. cit., p. 113.

This is the smallest of forms known to us in the speeics. It appears
to be a curious dwarfed phase adapted to life in lakes and pools at high
altitudes.  In general form the shell approaches that of f. patile, but
the mouth of the shell is, as a rule, never expanded. The spire is
relatively high and narrow. The texture of the shell is somewhat
variable, but the sculpture usually consists of very fine lines which
become obsolete in some shells. A fine muddy deposit is often found
on the outer surface of the shell while its inner surface is polished and
sometimes tinted black or brown.

We have examined sypecimens from the Kangra valley, Sialkot in the
Punjab, Bhimtal in Kumaon, Dheri Jaba in the Salt Range, Buldana in
Berar, Sccunderabad and in the lakes of the Nilgiri distriet in South
India.

Form malleata nov.

As its name signifies the peculiarity of this form is in the texture of
the shell, particularly in the region of the body-whorl, In shape the
shell of this form appreoaches that of p((lulu and is nsually of small
size. The l)od) -whorl, except the outer lip, is marked by well-defined
malleations in which the entire thickness of the shell takes part.

We have cxamined specimens from  Peshawar, Wazirabad and
Madhopur in the Punjab, and Manipur in Assam.

Form brevissima nov.

) This fm-m i.s closcly related to the typical L. acuminata hut differs
in the spire being still furtner reduced with less than three whorls in
the spire. This feature is apparcntly an abnornality.

3 . L
We have examined specimens from Nagpu..
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Limnaea biacuminata sp. nov.

"I'he shell of this tpecies resembles that of L. acuminata £. hicens in
some respects, but is easily distinguished by its being strongly spindle-
shaped, the anterior margin of the shell being pointed as well as the
apex of the spire. The shell thus tapers towards both extremities. Its
bilateral asymmetry is very great, the middle region of the outer lip
projecting considerably in a wide are. Apart from the convexity thus
produced the shell is narrow and elongate. The mouth is very large,
ovate, almost symmetrical bilaterally, and in ventral view projects
forwards much beyoxd the body-whorl. The columella is slightly
twisted and has a broad fold, which extends forwards only to a point a
little more than half way along the major axis of the mouth. It is
joined to the upper lip above by a well-developed eallus.  The umbilicus
is completely occluded. The shell is thin and fragile. The sculpture
consists of fairly strong curved longitudinal striac which are sitnated
rather far apart and have a regular symmetrical character. The colour
is very pale luteous.

The jaw and radula closcly resemble those of L. arwminate, but the
posterior margin of the mandible is necarly straight, only slightly convex
and not at all sinuate. -

Type-specineen,.— M. ]—-{-‘)1) Zool. Surv, Ind. (Ind. Mus.).

We have examined specimens from the Hosainsagar tank between
Secunderabad and Hyderabad and from Naini Tal, Kumaon,

The species scems to be a lacustrine form.  We keep it specifically
distinet from L. acroninala with some doubt, but the shape of the
mouth of the shell seems to he both constant and characteristic.,

Limnaea luteola ILamarck.
1925, Limnaca luteole, Annandale & Rao, op. cit., p. 106.

The characters by which the shell ol L. 7ileole is distinguished from
those of related species are rather Iess clusive than in L. acuminata,
but the chief feature in the shell which distinguishes it from that of
L. acuniinate lies in the structure of the spire and the form of the
body-whorl. The negative characters in specific diagnosis enumerated
under L. acuminata are applicable to L. luleolu also,

The spire is as a rule about & as high as the shell and consists of four
or five gradually incrcasing transverse whorls which are never very
convex., The sulure which is always more or less transverse, and the
length of which is never less than the height of the spire affords the chief
character of distinction between the two species. The mouth of the
shell is usually narrow ovate, evenly rounded auteriorly, and gradually
narrowing towards its posterior extremity. The outer lip is never so
expanded or go convex in outline as that of /L. acuminata. The
columellar callus is thin and broad, while its twist is short and less
congpicnous. The texture and sculpture of the shell are variable in the
different forms of the specics.

The jaw:and radula have the same characters ag those of L. «cvini-
nute, the former being ¢ lictle more variable than the latter,
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In the genitalia the prostate differs from that of L. acruminata in
being more or less regularly quadrate in outline.

This specics is much less particular in its choice of a habitat than
L. acuminate and is frequently found in bodies of water which dry up
periodically.  'When this occurs it buries itself in the mud. It seems to
obtain the greater part, if not the whole, of i nourishinent from
vegetable matter in mud and they may often be seen even in hot
sunshine outside the water, as a rule on the mud. It is noteworthy that
there should be so little difference between the radula and jaw of
species so different in babits as L. leleola and L, cevwminate.

Forma typica.

1841, Limnae luteola, Delessert, op. ¢it,, pl. 30, figs, -\ and B,
1881, Limnaen tigring, Martens, op, ¢it., p. 85, pl. xv, fig. 5.

In this form the shell is of fairly large to very large size. The
body-whorl has a somewhal compressed form and the outer lip, the
edge of which is often introverted above, is nearly straight for the
greater part of its length.  The spire is broad and short. Tt tapers
gradually and its suture is more oblique than in some forms.  The shell
is, as a rule, rather thick and almost smooth. - Pale vertical stripes are
sometimes present.

This form has a much wider distribution in the Indian Empire than
the typical L. arwminata.  We have examined speeimens from  Rawal-
pindi, Srinagar in Kashmir, the Punjab Salt Range, Kulu, Delhi, Naini
Tal, Mussoorie, Pharping in Nepal, from Calcutta, Rajmahal and
Rancegunge in Bengal, from Manipur in Assam, from Ranchi and
Manbhoom in the Provinee of Bihar and Orissa, from Rangoon and
the Andaman Islands, from Kallikote (Ganjam district), Kurnool,
Secunderabad, Goleonda, Madras, Travancore, Mysore, Kallar (Nilgiri
district) in South India, from Salsctte in Goa, and from Nagpur, ltarsi
and Pachmarhi in the Central Provinces.

Form ovalis Gray.

1820. Limmaea orvalis Gray in Sowerby, op. ¢it,, Limnaea, fig. 4.
1876, Limnaea oralis, Hanley & Theobald, ap. cit., p. 30, pl. Ixx, figs. 2, 3.
1881, Limnaea nucleus, Martens, op, cit,, p. €2, pl. xv, figs. 8, 9.

Although the extreme form is very different from the form {ypica
the two intergrade to such an extent that it is often difficult to decide in
individual shells to which they should be assigned.  The form opalis is
always large and stout with the body-whorl typ'zally much more
inflated than in the forma {ypire and with the outer lip curved. The
gpire is smaller and more acuminate and tapers more abruptly, The
suture is much more transverse.

We have examined specimens from the Kangra valley, from Almora
and Boveilly in the United Provinces, from Purneah in Bihar and Orissa,
from Caleutta, Barrackpore, Rajshahi and Raneegunge in Bengal, from
Manipur in Assam, from the Southern Shan States and the Andamans,
from Rambha, Madras, Nellove, Pondicherry and Mysore in South India,
and from Kamptee in the Central Provinces,*
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Form australis nov.

1876. Limnaea pingnis Hanlay & Theobnld, ap cit., p. 30, pl. 1xx, figs. 7—10,
1915. Limnaea (G’:luaria) pinguis, Preston, op. cit.,, 11)) 113. e

This is a small form resembling the f. typice but with much narrower
and a more elongate rpire, with the suture more impressed and more
sinuous and without any compression of the body whorl. The shell is
also thinner and as a rule more polished.

We have examined specimens from Rasalpore, Dharamsala, Feroze-
pore in the North-west of India, from Roorkee, Mirzapore and Morada-
bad in the Unitel Provinces, from Puri, Ranchi, Chakradharpur and
Chandbally in Bihar arid Orissa, from Calcutta, Garia, and Chittagong
in Bengal, from Gauhati in Assam, from Rambha, Kaligiri (Nellore
district Madras, Hosainsagar and Goleonda (Hyderabad State), Trichino-
poly, Travancore, Bangalore, Coimbatore, and the Nilgiri district in
South India, from Satara and Karachi in Bombay, from Nagpur and
Buldana in the Central Provinees, and from Ceylon,

Form impura Troschel.

1881. Limnaea succinea var. impura, Martens, op. cit., p. 86, pl. xv, figs. 6, 7.
1919, Limnaea acuminata var. nane, Annandale & Prashad, Ree. Ind. Mus.,
XVI, pp 141-142, fig. 3; pl. iv, fig. 1 ; pl. v, fig. 2.

This is a still smaller forin  with rather narrower body-whorl,
pyriform mouth and a thicker shell. The surface of the shell is feebly
smooth and rather rough. It is usually covered with a black deposit.
The colour is always pale,

We have examined specimens from Naukuchia in Knmaon, Dimapore
in Assam, Kallikote, Rambha and Barkuda in the Ganjam district, from
Secunderabad, from the Malabar district, from Khandalla in Bombay,
and from Rangoon.

Form succinea Deshayes.

1334.  Limnaea succinea Deshayes, Voy. dans. Inl. Belanger. Zool, p. 418,
pl. ii, figs. 13, 14,

1862. Limnaeus succineus, Kuster, op cit, p. 29, pl v, figs. 18, 19,

1919, Limnaea pangnis, Annandale Prashad, op. cit,, p. 144, fig, 5, pl. v,

fig. 4.

This is a rather large very narrow form with a large tapering spire
and a comparatively small mouth. The outer lip is arched. The shell
is pale and thin. Its most characteristic feature is its sculpture, which
includes very fine spiral striae as well as interrupted longitudinal striae.
These give it a silky lustre, which doubtless suggested its name.

We have examined specimens from Kashmir and Benares in Upper
India, and from Hosainsagar, Bolarum (Hyderabad State), Godavari,
Kurnool, the Nilgiris and the Palni Hills in South India,

Form siamensis Sowerby.

1878. Limnaea ssamensis, Sowerby in Reeve, op, cii., S{). 63, pl. x.
1915, Limnes ((fnlnaria) siamensis, Preston, op. cit., p. 113.
1925. Limnaes luteola race siamensis Annandale & Rao, op. ¢it., p. 107,
This form seems to b» almost in the nature of a local race represent-
jng the eastern type of the species, The shell js never large. Itis
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eagily distinguished by its narrow, ovate, almost symmetrical outline and
by its relatively long auriculate mouth. The suture is not so impressed
as in most forms of the species and the spire is relatively small. The
texture of the shell varies considerably. In some localities itis very thin
with the columellar callus poorly developed.

We have examined specimens from He-Ho and the Inlé Lake in the
Southern Shan States and from Rangoon,

Limnaea ovalior Annandale and Prashad.

1921.  Limnaea ovalior, Annandale & Prashad, op. cit., pp. 572-573, fig.13 A,
pl. vii, figs. 4-6.

The shell of this species, in ‘spite of its resemblance to that of
L. luteola f. ovalis in form, is easily distingnished from the latter by
the size and form of the spire, by the structure of the columellar callus,
and by the sculpturec and colour.

The very regular and symmetrically ovate shape of the shell, the
relatively short, blunt spire with its base nearly as broad as the upper
part of the bady-whorl, its height being only § of that of the shell, the
absence of angulation in the whorls of the spirve, the broad and coarse
columellar callus which extends very little below the body-whorl in
ventral view, the peculiar sculpture and opaqueness of the shell are the
chief distinguishing features of the species.

The jaw and radula are not unlike those of L. luteola f. ovelis.

In the genitalia the duct of the spermatheca in specimens examined
is much shorter than that of the form ovalis.

The species is apparently confined to parts of Assam. We have
examined specimens from Dimapore and the Manipur valley.

The members of the species lead an almost amphibious existence in
and on damp mud at the edge of small pools which are devoid of true
aquatic vegetation, or in very foul water of jungle-pools. They appear
to feed on mud and decaying vegetable matter,

Key to the lLiving Species of limnaea known from the Indian Empire
and its Immediate frontiers.

1. Shell very small and delicate (less than 10 mm. high),
narrow with the apex blunt.
A. Spire with 2 whorls ; columellar callus present ... L. mimetica
B. Spire with 2} whorls ; columellar callus absent ... L. horae.
2. Shflf ;:evor so delicate and usually more than 10 mm,
11ghn,
A. Sgire sealariform or at least canalized at the base.
Columellar fold not narrowed immediately below
the umbilicus,
1. Spire at least moderately exserted ; body.whorl

not greatly expanded ... L. lagotis.
II. Spire extremely short; body-whorl greatly
inflated " L, bervicauda.

B. Spire never scalariform (excegt as an abnormality)
or canalized at the base. Columellar fold vary-
ing in structure.

1. Spire with 5 complete whorls. .

(a) Shell less than 20 mm. high, with the body-
whorl not expanding outwards and the
columellar callus exceptionally bread and
coarse ; the spire moderate ... - . Ly laticallosa,
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(3) Shell usually much more than 20 mm. high
with the body-whorl expanding outwards
and the columellar callus well but not
exceptionally well developed; the spire
exceptionally long and slender

1L Spire with not more than 4 complete whorls,

(a) Shell with the columellar callus exceptionally
well developnd. .

(i) Whorls of spire increasing gradually in size ;
the basal whorl of the spire not twice as
broad as the one above it.

L. Body-whorl much longer than spire in
dorsal view .
B. Body-whorJand spire subequal in dorsal

- vie T,
(i) Basal whorl of spire more than twice as .

broad as the whorl above it.
L. Sutwr®  impressed; umbilicus broadly
rimate

B. Suture not impressed ; umbilicus narrowly
vimate . ..
{5) Columellar callus not exceptionally well
developed.
(i) Spire very short, at least 3 times as broad at
the base as high.

a Spire passing evenly into the body-whorl ;
shell almost bilaterally symmetrical in
dorsal view

8. Spire very much narrower than upper

* margin  of body-whorl, shell very
asyminetrical bilaterally.

A. Columellar fold narrowed abruptly
helow umbilicus ... ... .

B. Columellar fold poorly developed, not
narrowed below umbilicus

(i) Spire longer, much less than 3 times as broad
at the base as high.

‘L. Shell small (less than 15 mm. high), with
the mouth not at all dilated; (upper
margins of whorls convex)

B. Shell more than 15 mm. high with the
mouth more or less dilated.

A. Length of suture seen in dorsal view at
hase of utpire considerably greater than
heigl.t of spire,

1. Height of mouth of shell at least 3 of
the total height... ... .. .

2. Height of mouth of shell less than 2 of
the total height

B. Length of suture at hase of spire not or
hardly longer than height of spire.

1. Diamet&r of base of spire measured at
right angles to main axis of shell
considerably less than height of
spire,

(a) Anterior margin of mouth of shell
broadly rounded or subtruncate

(» Anterior margin of mouth of shell
pointed e

2. Diameter of base of spire not or
hardly less than height of spire.

(a) Outer lip of shell slightly dilated ...

() Outer lip more dilated, at any rate
I Ko of I 1

. Arc of lip quite regular; apex of

shell sharply pointed pe

11, Arc of lip irregular ; apex bluntly

poiited ...

L. atagnalis,

L. andersoniana.

L. truncatula.

L. bowelli.

L. hookeri,

L. oralior,

L. auricularia.

L. physeqs,

L. hordeum.

L. persica.

L. shanensis,

L. acuminata.

L. biacuminata.
L. luteola.

L. iranica.

L. gedrosiana.
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NOTE ON A BRACKISH-WATER ACTINIAN
FROM MADRAS

By H. SRINIVASA RAO, M.\,
Officiating Assistant Superintendent, Zoological Survey of India,

Our knowledge of the brackish-water Actinians in India dates €rom
the time of Stoliczka! who, in the year 1869, recorded a form from
Port Canning in Lower Bengal. e described the anatomy and habits
of this form under the name Sagariia schillericana Stoliczka. In 1907
Annandale?, while studying the fauna of the brackish-water ponds in
the same locality, discovered three forms of which one was Stoliczka’s
species which he ascribed to the genus Metridium. He regarded the
gsecond form as a variety of Metridivwm schilleriana and the third as
the young of the variety. In 1914 he recorded the two latter from the
Chilka Lake, and regarded them as the types of his genera Pelocoetes
and Phytocoetes, respectively.® The Gangetic and Chilka species of
the former were identical, while those of the latter were distinct.
Metridivm sehilleriane was, however, not found in the Chilka Iake.
Considerable light has been thrown on the structure and bionomics of
the Indian brackish-water Actiniaria by the researches of the late
Dr. Annandale, but the field is yet wide and requires thorongh investi-
gation. In a recent paper on the classification of Actiniaria
Stephenson* has discussed the mutual relationship of the Indian
brackish-water Actiniang in great detail. He suggested the new name
Diaduwmene for the genus containing Stoliczka’s species, giving rcasons
for dropping the generic names Sagartia and Metridium. He regarded
the Chilka species of Pliytocoetes as the type of a distinet genus named
by him Menea, and grouped all the known Indian brackish-water genera
under the new family name Diadumenidae.

There are thus four specics ol brackish-water Actinjaria representing
the four gencra Diadumene, DPelocoetes, Phytocoetes and Mena. The
distribution of the species seems to be restricted, having been recorded
hitherto from the Gangetic delta and the Chilka Lake. It is, however,
probable as suggested by Annandale, that Pelocoetes exul (first recorded
from Port Canning as a variety of Diadwmene schilleriana) is more
widely distributed than we know. It occurs in smaller numbers in
the brackish-water area at Madras. I have been able to find only
two individuals of this species in a collection consisting of several
individuals of the form which is the subject of the present note. One
of them was abnormal, having only 11 divisions of the oral disc, 11
pedunculated and 11 simple tentacles in two cycles. The mesenteries
were, however, normal.

The form described in this note is apparently new to science® and
is probably closely allied to Pelocoetes. It is not intended here to

! Btoliczka. F., Jowrn. As. Soc. Bengal, XXXVIII, p. 28, pls. X-X1 (1869).

8 Annandale, N., Ree. Ind Mus., I, p 47, pls iii-iv (1907).

3 Annandale, N., Mem. Ind. Mus., %,, Pp. 72-88 (1915).

# Stephenson. T.A, Quart. Journ., Micros_Sci, LXIV, pp. 520—528 (1920),

® Specimens of this form_collected by Dr. F H. Gravely and myself in
January 1922 have been sent to Mr. T.A. Stephensen ®or identification.
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discuss the systematic position of this new Actinian on inadequnate
anatomical data, but simply to record a few observations made in the

Fi16. 1. — Brackish-water Actinian from Adyar, Madras.

field and in the laboratory, which may interest workers on the
subject.

In the year 1917, while collecting worms and molluscs on the edge
of a brackish-water area near Adyar in Madras, my attention was arrested
by the presence of a number of Actinians in burrows at the bottom of
shallow pools of water. They had long and thin, fully expanded
tentacles of a creamy white colour and were found buried up to the
edge of the oral dise. At first sight they appeared to be sticking on to
the muddy bottom by their basal disc. On attempting to remove one
of the Actinians from its supposed attachment to the mud, it suddenly
withdrew into the burrow with the tentacles grouped in a mass, and
receded deeper into the burrow on inserting a small stick. Attempts
to obtain the Actinians by digging the burrows resulted only in
gecuring parts of the animals. Several complete individuals were,
however, obtained with a spade which was quickly plunged into the
mud close to the burrows, turning up a large lnmp of the soil. The
animals were all picked up in a flabby condition, some of them filled
with water. They had a long vermiform column with a reduced basal
dise, and numerous simple tentacles arranged th cycles. In general
appearance the individuals seemed to approach those of Pelocoetes erul,
but differed in the number and arrangement of the tentacles.

Before going into some details of the anatomy and habits of the
animal a short descriptive account of its habitat will not be out of
place. About three miles south of Fort St. George the river Adyar
opens out to the sea. On the north bank of the river lies a low area
about half a square mile in extent within a few yards from the surf
line. It may roughly be divided into two regions—a central zone
which is deep, and a marginal zone consisting of shallow pools and
channels. During heavy rains in Noyember this division is not
apparent, the whole area being covered by a continuous sheet of water.
The area is in communication with the river close to its mouth and
through the latter with the sea. The water at this time of the year is
quite fresh. From January the level of water begins to fall and the
mouth of the river i gradually closed by a sand-bank raised by the

23
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action of breakers. For a period of about eight months in the year,
commencing from March, the water is brackish ar 4 somutimes distinctly
saline. The bottom consists of soft clay mixed with fine sand, and in
gome parts covered by vegetable debris. Large masses of algae, chiefly
a species of Knteromorpha, float on the surface in the central zone.
Isolated mangrove formations are present on the western half of the
area. The fauna has a preponderating marine ¢lement, but it is probable
that many of the species are distinet from the true marine ones found
in the open sea. Representatives of all the marince groups except
Echinodermata are present. The great masses of algae harbour a large
number of animals, chief of which- are Amphipods, Isopods, Turbel-
larians, and Nudibranchs. The marginal zone teems with life, the
most striking being hermit erabs inhabiting shells of various marine
Gastropods and even hollow bones, smaller Crustacea, Polychaetes and
Oligochaetes. The fauna as a whole is quite varied and interesting,
and an intensive survey of the area will probably yield valuable
results.

The Actinians in question occur chicfly on the edge of the marginal
zone east and west of the area. In the former there are fairly deep
pools between artificial sand-banks, and in the latter open shallow ones.
1 have taken individuals from both zones, but it is easier to obtain
them from the marginal zone on the west. They are conspicuous in
the bright morning sun and have their tentacles fully expanded just
above the burrows. As the day advances they withdraw themselves
into their burrows and reappear in the evening about sunset., They
are, however, much lss conspicuous at sunset than at dawn, I have
visited the area almost every month from July to March, but have
found the Actinians only from January to March. So far as my
ohservation goes, not a gingle individaal was found during the other
months. Their absence in this period is probably due to the heat in
the first half and to the freshness of the water in the second. The
fishermen of the place, who dig up the bottom for a species of
polychaete worm (Merphysa) which they use as a hait for fish, have also
remarked the absence of the Actinians during this period. They call

Fi16. 2.—Transverse section of column of Actinian a little below oral aperture
showing the arrangement of mesenteries.

them “ flower-like worms” in their vernacular ard are acquainted with
their burrowing habits, and remarkably enouh have also some notien
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of their relationship to the Actinians found sticking to the cement
boulders in the Madras harbour or to cables some distance from the
shore. 2

The column of the animal closely resembles that of Pelocoetes el
and has a reduced pedal disc at its lower extremity. The latter is a
cup-shaped depression with an even margin and is filled with a sticky
secretion enclosing mud and grains of sand. In incomplete individuals
which are kept alive in an aquarium, a secondary pedal disc with an
frregular margin is forraed and functions like the real disc for sticking
to the bottom. The loagitudinal and transverse muscles of the colmnn
are clearly seen in the fully expanded animal, and through the thin
body-wall the mesenteries and gonads are also visible, Cinclides with
an elliptical outline and definite lips are present in longitudinal rows
in the intermesenterial spaces. They are best secn in the fully
expanded living animal, but can also be distingnished in well-preserved
individuals. Inthe fully expanded animal the oral disc slightly extends
beyond the column. It is usually lobulated, consisting of twelve radial
divisions which are further subdivided in some individuals. The oval
aperture is elongate and oblong and frequently tightly closed, leaving a
circular opening at each end. The tentacles are usually of a cream
colour, but in a few specimens they have a pinkish tinge. They are
long and tapering and perforated by a minute opening at their distal
extremity. They are arranged in four cycles, cach consisting of 24
tentacles. The tentacles of the innermost cycle alternate with the radial
divisions of the oral dise, while those of the others alternate with the
tentacles of the next inner cycle. The relative lengths of the tentacles
of the four cycles vary in different individuals. For instance, in some
specimens the tentacles of the two inner cycles are longer than those of
the outer, in others those of the two central cycles are shorter than
those of the outer or the inner, while in others the tentacles of the
outer cycle are much longer than those of the other three. This
difference in the relative lengths of the tentacles is to be seen in both
living and preserved specimens. There are six pairs of macrocnemes
and eighteen pairs of microcnemes. In a few individuals there are
twenty-one pairs of the latter, the three additional pairs being found
between one of the pairs of directives. The arrangement of the
longitudinal muscles on the primary mesenteries is identical with that
of P. exrul. The free margins of the macrocnemes bear mesenterial
filaments and acontia, and next to these on the inner side the gonads.
Stoma are also present on the macrocnemes. The microcnemes are all
sterile. The tentacular cavities are in oper: communication with the
intra-and inter-mesenterial spaces. Nematocysts are present on the
column and tentacles, but they are more numerous on the latter.
They are of two sizes, long and short ones, the former being more
numerous.

Of several individuals examined, a few were immature while, all the
rest bore spermaries only. Despite careful examination of a large
number of specimens I have failed to find even a single specimen
bearing ovaries. The ovaries are probably formed at a later quiescent
period during which the animals apparently rarely come out of their
burrows.

The gonads consist of a number of elliptical bodies somewhat convex
above, arranged in a sir aous raw between the longitudinal muscles and

24
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the free margin of each macrocneme. They are brownish in eolour
with a number of orange-coloured spots and consist of polygonal cells
from which the spermatozoa project, tail foremost. The latter have a
roughly oval head with a moderately long tail. The narrow space
between the gonads and the free margin of the macrocneme is occupied
by the mesenterial filament which is divisible.into two portions, the
inner consisting of a row of elongate elliptical cells provided with a few
long cilia, and the outer of shorter columnar ce.ls with numerous short
cilia. Nematocysts are found in large numbers in the outer portion.
The two portions are intricately folded, and in the living animal perform

Fig. 3.- Semidiagramatic sketeh of a fertile mesentery and associated structu es

A. Part of mesentery showing the disposition of gonads and filament,
B. Enlarged view of ciliated cells outside ihe gonads.

C. Part of mesentery from a living Actinian,

D. Portion of spermaries.

E. Single cell of spermaries with spermatozoa.

F. Single spermatozoan.

d. row of ciliated cells forming part of mesenterial filament ; ¢, spermaries ; m,
mesentery ; mb, longitudina] muscle of mesentery ; mf, mesenterial filament ; ,
spermatozon, st, stoma.

.

constant wriggling movements. Remains of small Crustacea are found
in abundance in the gastrovascular cavity. These apparently form the
usual food of the Actinians in their natural environment. A ciliate
protozoan (Lrichodina sp.) is found in large numbers in the gastro-
vascular cavity and often swarming in the cavities of the tentacles.
They probably find their exit through the tentacular aperture.



117

The following account of the habits of the Actinian is based on
obgervations made in the laboratory of the Presidency College, Madras,
in December 1918 :~--'

The bottom of a tall eylindrical jar was covered with soft muad
obtained from the brackish-water area at Adyar to a height of about
four inch(s. Owing to the difficulty of obtaining a regular supply of
brackish-water from the area, a mixture of equal volumes of sea-water
and fresh-water was used. Small burrows were made in the mud and
the Actinians inserted 4n them up to half the length of their column.
The animals under ollservation were sexually mature but” were in-
complete, measuring about four inches. They were easier to handle
than the long complete individuals which could not be inserted into
the burrows without injury to the column. Water in the jar was
changed twice a week and the Actinians fed with plankton obtained by
tow-nets from the opensea.  To prevent ecrowding, only four individuals
were kept at a time in the aquariun.  Observations were only made
during daytime,

On the second day the Actinians were found disengaged from their
burrows and lying with their column parallel to the bottom. Three
of them had their tentacles fally expanded and directed upwards, while
the fourth had them slightly contracted and divected sideways. The
former appeared -to bhe shorter than on the preceding day. On
examining their burrows it was found that a small portion of the
column of the animals was left behind. The upper half of the colnmn
was bulged out and translucent, and the cinelides were slightly dilated.
The mesenteries and gonads were visible through the thin walls of the
column. All the four specimens were then irritated by a needle and
it was ohserved that in three of them the basal half of the tentacles
bent over the oral disc which gradually sank down with simultaneous
jorky contractions of the upper part of the column. The tentacles
were then partially enclosed by the portion of the column which had
risen up as a result of the contraction. But in the fourth individual
the response was different. By a sudden contraction, the upper part
of the colnmn closed over a greater length of the partially contracted
tentacles and was exceedingly bulged out. After some time this
individual was found floating some distance below the surface of water
and in this condition it remained for several hours. On the third day,
however, it had settled to the bottom and had the tentacles partially
expanded.

The first set of four Actinians was replaced by a fresh one. The
burrows made in the mud were filled up and the animals were left
undisturbed on a level sarface for three days. On the fourth day it
was found that two of them had a small portion of the column buried
in the mud, and the remaining two sticking to the hottom by their
basal dige. All the four were then gently dislodg: d from their positions
and laid with their column parallel to the hottom. Three days later
one of themm was partially buried while the others were found in a
prone position. The oral disc including the tentacles was inclined
towards the bottom in the former, and directed upwards in the latter.
On the sixth day two individuals were feund in burrows execavated,
apparently, by the action of the pedal dise. It was remarkable that
nearly half the length of their column was found buried. In one of
them the tentacles were contracted and partially enclosed by the upper
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part of the column, and in the other they were fully expanded. When
gently disturbed the former withdrew itself completely in the burrow
while the latter did not respond to the stimulus. The former was
removed from its burrow and left in a prone position close to the
burrow, and was found to have resumed its position in the burrow on
the following day. The fourth specimnen which remained undisturbed
in the prone condition was next placed in a deep burrow up to the base
of the tentacles, but was found outside the bu.row on the following
day.

The results of the foregoing observations riay be summed up as
follows :—

1. In incomplete individuals, i.e., in those of which the basal half
of the column is lost in the burrow, a secondary pedal disec with an
irregular outline is formed.

2. The secondary pedal disec is used primarily as a burrowing
organ and secondarily as an organ of locomotion.

3. The Actinian undergoes autotomy and rapid regeneration of the
lost or injured parts.

4. The tentacles and oral disc are subject to partial or more or less
complete contraction.

Further observations would have yielded interesting results, but
unfortunately owing to my nnavoidable absence from Madras for a
considerable period they could not be continued. The Actinians were,
however, left undisturbed for a period of over three months unfed, and
without changes of water. They were found living in an apparently
healthy condition during this period. I am indebted to my teacher
and friend Mr. R. Gopala Ayyar for this information. This fact points
to their great powers of resistance to adverse environmental conditions.

It may be argned that my observations of the habits of the Actinians
were made under conditions totally different from those in their
natural surroundings and do not therefove refer to their true hehaviour.
In the first instance I attempted to conduct the same series of experi-
ments in an isolated spot of the brackjsh-water area visiting it twice a
week to record my observations, but the shaliower regions of the area
where the animals were found in numbers were so frequently dug up
by the local fishermen for worms that my attempts to obtain correct
obgervations in their natural surroundings had failed. I have, however,
observed that the Actinians are much more sensitive to mechanical
digturbances in their natural environment than under laboratory con-
ditions. The water used for the aquarium was probably more saline
than that of the area itself, and may have to some extent influenced my
results. I presume, however, that the Actinians behave more or less in
the same way under natural conditions as well.

I take this opportunity to express my sincere thanks to my professor
Rao Bahadur K. Ramunni Menon who gave me every facility to work
in the laboratory of the Presidency College.
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A NOTE ON THE REPRODUCTION OF THE COMMON HYDRA
OF BENGAL (HYDRA VULGRARIS, PALLAS)

By H. SRINIVASA RaAo0,

The following observations were made on Hydra rulgaris, Pallas, in
the months of Augnst and September 1920, The polyps were reared
in eylindrical glags jars' containing weeds from a pond.

Fission.—An instance of vertical fission was witnessed on the 26th
August 1920. Fission was more or less complete and the two polyps
were still united by the basal part of the colamn. One had five tentacles
and the other four. The contraction and expansion of the column and
tentacles of the polyps were independent. The gastro-vascular cavities
were continuous and small particles were seen passins through the fluid
from the gastral cavity of one into that of the other. The ectodermand
endoderm were distinct, and at the base of the polyps were obhserved
two endodermal prominences. The ectoderm in this region was slightly
depressed. (See Fig. 3.)'

On the following day an endodermal wall was completely formed
cutting off the gastro-vascular cavity of one polyp from that of the other.
The ectodermal depression was invaginated. On the third day the
ectoderm of the basal dise was formed and the polyps were sticking to
cach other by a secretion of mucuns. The same evening they were
ohservd to have separated. The difference in the number of tentacles
of the two polyps was still maintained.

Though several polyps were reared for over two months this was the
only instance of vertical fission observed.

In his account of Hydra in the Memoirs of the Asiatic Society of
Bengal, 1, page 344, 1906, Dr. Annandale states that he has only seen
three instances of vertical fission. Apparently this mode of reprodue-
tion is very rare. -

Budding.—Several individuals bearing two or three buds were seen
during the earlier part of August. Most of the buds were in'a fairly
advanced state with, as a rule, the same number of tentacles as in the
pareni polyp. The lower half of the column was slender and trans-
parent, and as a result of swellings the upper half was moniliform
(Fig. 1). Usually the buds were confined to a small zone about the
middle of the column ; and it was remarkable that the column bhelow
this zone did not present a moniliform appearance. This phenomenon
was noticeable in the budding individuals only. That the swellings are
different from buds is suggested by the fact that they sometimes
disappear and reappear in the same place. The entire gastro-vascular
cavity is clear, and any food particle too large for it can at once be seen.
Several individuals with the swellings were examined, and in none of
them were they the result of distension by food particles or other
foreign matter.

) The figures illuatrating this note are, reproduced, with the kind permission of
the Secretary, Bombay Natural History Society, from the Society’s Journal in
which this paper was first y ibiished.
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he budding polyps were generally found attached to 1he hottomn
and sides of the glass-jar, and to the underside of weeds.

The polyps attached to the gides lay usually inclined upside down
with the tentacles fully expanded and haaging pendulously. A
horizontal and rarvely an crect position way however assumed by some
individuals,

In the “ Fauna” volume on Fresh-Water Hydroids, Dr. Annandale
states that he has never seen a bud giving rise to buds while attached to
the parent hydra. T have seen an instance of this phenomenon on a
single occasion (Aungust 18, 1920). This polyp was found at the bottomn
of the jar. It was difficult to mak: out the order in which the buds
had arisen. There were two fairly well-developed buds, one with five
tentacles and the other with six. The former had one bad and the latter
two (Fig. 2). It may be suggested that the first parent polyp underwent
vertical fission for some distance down the column, when budding
started precociously on each of the danghter polyps. There was, how-
ever, no clear evidence to show that the colony formed was entirely due
to budding or to vertical fission and budding. This bfanching hydra
was unfortunately devoured by a dragon-fly larva a few days later, and
no further observation could he made on it.

. Branching in H. oligactis was noticed by Dr..Baini Prashad in
Lahore.' .

— J— e e m — - - —— e

' See Journ, As. Soc., Bengal (N.S.) XTI, page 14371916,
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Spermaries.—From about the last week of August up to the 4th
Sceptember several golyps hore spermaries.  Subsequent to this date
sexual activity gradually slacken «d and about the middle of September
no polyps bearing spermaries were observed. Bud-formation recom-
menced, lasting for a couple of days. The polyps were very thin and
transparent.

The spermarics generally arise as small mound-shaped swellings on
the upper half of the coluimnn. They are, however, not restricted-to this
region, as occasionally| severul may be seen in the basal part of the
column (Fig. 4).. 'l‘h(} number of spermaries apparently varies, some-
times seven or eight being formed close to one another.  They are found
in different stages of development, and do not seem to be arranged in a
definite manner,* In the more developed spermaries the active move-
ments of spermatozoa can be observed under the low power of a
microscope.  As they mature a fine spray of sperms in the form of a
faint white cloud is cjected from time to time from the papilliform
process at their apex.

Sometimes buds are also formed simultancously with the spermaries
but they are always found below the region on which spermaries arvise
(Fig. 5). One after another the spermaries discharge their contents, and
the pdyps become very thin. A few however recommence budding,
but the buds remain nundeveloped.
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