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SPECIAL ANATOMY '

OF THE TERRESTKIAL

GASTEROPODA OF THE UNITED STATES.

INTRODUCTION.

When the researches were commenced in the winter

of 1844, of which the following chapters are the result, it

was the proposition of Dr. Binney for the author to give

a complete anatomical and physiological description of

the terrestrial Gasteropoda of the United States, includ-

ing the special and general anatomy, with the embryo-

logy of the several genera. Before the special anatomy

was fairly completed, the death of Dr. Binney put a stop

to the work ; and, a different course of observation hav-

ing occupied the author's attention, the subject is now

published, after a long delay, in its present incomplete

state, from notes taken at the time.

The animals dissected are as follow :
—

LiMAX ; L. variegata, L. ac/restis, L. campesiris.

Arion ; A, liortensis.

Tebennophorus ; T. caroUnensis.

Vaginulus ; V. floridanus.
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Helix ; H. alholahris, H. tliyroidus, H. sayi, II. tri-

dentata, H. fallax^ H. jMlUata, H. ligera, H. intertexta,

H. siqopressa^ H. auriculata^ H. elevata, JS. profunda^

S. concava, H. fuliginosa, H. ])erS2:)e€tiva, H. alternata^

H. cellaria, H. exoleta, H. multilineata, H. hirsuta^ H.

solitaria, H. dentifera, H. arhorea^ II. pulchella, H.

herlande7iana, H. gularis, H. inflecta, H. texasiana.

BuLiMus ; B.fasciatus, B. decoUatus, B. virgulatus,

B. dealbatus, B. caribbceorum.

Pupa ; P. incana.

Succinea; S. obliqua.

Glandina ; G. truncata.

Chapter i.— general remarks upon the exterior form

and structure of the terrestrial naked gastero-

poda.

Upon examining a Limax or an Arion, we find it com-

posed of a thick, vermiform body, with a broad, ribbon-

like, pedal disc, running the whole length of its inferior

surface. The anterior, obtuse extremity forms the head
;

and from it protrude four retractile tentaculae, upon the

outer side of the tip of the two superior, or longer of

which, is placed the eye. The mouth is situated at the

antero-inferior part of the head ; and immediately below

it is a deep depression, or blind sac. The posterior part

of the body forms the tail, and is acute. Upon the

antero-superior part of the body is placed the mantle,

which covers the pulmonary chamber, and contains within



GASTEROPODA OF THE UNITED STATE§. 5

it a rudimentary, laminar, calcareous testa. The ante-

rior part of the mantle is free and movable, and the head,

indirectly through the retractor muscle of the buccal

body, is capable of being retracted beneath it. On the

right edge of the mantle the pulmonary orifice exists ;

and at the posterior side of the latter the anal aperture

is placed. Upon the right side of the head, a short dis-

tance posterior to the superior tentacula of that side, the

genital orifice is situated. The body has two distinct

cavities ; the pulmonary chamber, containing a vascular

net-work upon its surface, the heart, the renal organ, and

the rectum ; and the visceral cavity, separated from the

former by a muscular partition, containing the digestive

and generative apparatus and the nervous centres.

In Tehennophorus the mantle covers the whole upper

surface of the body, and encloses no testaceous rudiment.

Its anterior edge is unattached, and the head is retractile

beneath it. The pulmonary chamber is placed beneath

the anterior part of it ; and the muscular membrane

bounding the visceral cavity in a great part of its extent,

is but loosely attached to the outer integument.

In Vaginida, the body appears broad from the mantle,

which encloses the whole body except the comparatively

narrow pedal disc, forming a lateral, angular projection

as it is inflected inferiorly to the margin of the pedal

disc. In transverse section it is semi-elliptical, as repre-

sented in figure 4. The mantle contains no testaceous

rudiment. The head can be but slightly protruded. The

respiratory orifice is situated on the right side of the tail,
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between it and the extremity of the pedal disc. The

anal aperture opens at the posterior margin of the latter

orifice. The generative apparatus has two distinct ex-

ternal apertures, distant from each other. The male

genital orifice is placed just beneath tl^e mouth, between

it and the blind sac, inclining to the right. The female

orifice is situated upon the inferior part of the left side

of the mantle, midway between the head and tail.

As usual, the body has two cavities, of which the pul-

monary occupies a position at the right posterior part,

beneath the mantle, and extending backwards on the

right to the tail.

Chapter ii. — general remarks on the terrestrial

testaceous gasteropoda.

A testaceous gasteropod resembles a slug with the

greater portion of the viscera squeezed out upon the

back, and arranged in a turbinate manner. The turbin-

ate mass is always an exact mould of the testaceous cover-

ing of the animal ; its length in the spiral direction holds

no proportion with that of the foot, or that part of the

body which the animal protrudes from the shell, and dif-

fers very much, not only in difierent genera, but also in

difiercnt species of the same genus. With an increase

in length a proportionate decrease in breadth is observa-

ble, and vice versa. In Piqoa it reaches its maximum

length and narrowness ; in Succinea it has the mini-

mum length, and the greatest proportionate breadth.
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When the foot is protruded from the shell, every part

of the exterior surface of the turbinated mass is still in

contact with the interior surface of the latter, and is re-

tained so by means of the comparatively capacious pul-

monary chamber. Wlien the foot is retracted, it is at

the expense of the latter cavity ; so that the pulmonary

chamber of the testaceous genera is as much larger than

that of the naked genera as the size of the foot super-

added, whilst the extent of the pulmonary net-work of

blood-vessels remains the same.

The testacea have a muscle which is peculiar, namely,

the retractor-muscle of the foot, which has its origin, in

common with the retractors of the tentaculse and buccal

body, from the columella of the shell. Narrow at its

commencement, it increases in breadth, splits into several

bands, and diverges as it descends to get its insertion

into the whole of the inner margin of the excavation of

the foot, excepting anteriorly, where its place is occupied

by the retractor of the buccal body.

The head occupies the anterior portion of the foot, and

in Eelix, BuUmus, Pupa, and Suceinea offers nothing

peculiar from that of Limax, In Glandina a third pair

of tentacular appendages exists. These are non-retractile,

auriculate in form, and originate just postero-inferiorly to

the base of the inferior, retractile tentaculse, and project

horizontally backward.

The body of the testacea, like that of slugs, has two

great cavities. The visceral cavity includes the greater

part of the turbinated mass, and the excavation of the
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foot. The pulmonary chamber occupies a position on

the outer side of the lower one to three whorls of the tur-

binated mass. The collar apparently takes the place of

the mantle in slugs. In all the genera it is attached

around the base of the turbinated mass, and is perfora-

ted on the right side by the pulmonary orifice. On the

outer border of the latter the anal aperture is placed.

As in slugs, the genital orifice is situated on the right

side of the head, just posterior to the tentaculae.

Chapter hi. — on the tegumentary covering of the

terrestrial gasteropoda.

Besides a testa capable of enclosing the whole body,

which most of the terrestrial Gasteropoda possess, they

have a thick envelop, composed of mucous and muscular

membrane. The exterior, highly irritable and contractile

investment consists of an actively secreting mucous mem-

brane, (Figs. A, B, C, 1) with a substratum of interlaced

muscular fibres (2). In the naked genera it is pretty

Figure A.

Fig. a is a diagram representins: the disposition of the coverings of

the body in Limax and Arion. 1. mucous lamina ; 2. muscular substratum
;

3. muscular peritoneum ; 4. visceral cavity ; 5. rudimentary testa ; 6. pul-

monary chamber.
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uniformly developed throughout, but is thickest upon the

pedal disc, the tail, and the upper surface of the mantle,

and thinnest upon the head, tentaculae, and reflected

border of the mantle.

Figure B.

In the testaceous genera, upon the part of the body

corresponding to the interior of the shell, it appears as if

the mucous layer had been pushed downwards to form

the collar (fig. C, 1*) ; but it may be still traced over the

surface of the turbinated portion, as a delicate, tessel-

lated epithelium.

Figure C.

The mucous glands are very numerous in the mucous

Fig. B, disposition of the tegumenta in Tebennophorus. 1. mucous
•lamina; 2, muscular lamina; 3. peritoneum ; 4. visceral cavity; 5. pulmo-

nary chamber ; 6. interval between the two muscular layers.

Fig. C, disposition of the tegumenta in Helix, Bulimus, &c. Tlae refer-

ences are the same as in figs. A and B, except 1*, w^hich is the collar.
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layer ; its epithelial cells are flattened, from three to six

sided, granular, and with large, round nuclei.

The muscular substratum (figs. A, B, C, 2) of the

mucous lamina is composed of unstriped fibres, arranged

transversely, obliquely, and longitudinally. It is inflect-

ed outwards beneath the mantle, in Limax and Arion

to form the outer parietes of the pulmonary chamber.

Between this portion and the mucous layer is placed the

rudimentary testa (fig. A, 6). In TehennopJwrus, it is

inflected inwards (fig. B, 5 ) beneath the anterior portion

of the mantle, to form the parietes of the pulmonary

cavity. Its transverse fibres predominate within the

tentaculge, its longitudinal fibres, in the exterior pul-

monary parietes of the testaceous genera, and especially

accumulate on the outside of and parallel to the rectum,

so as to serve as an efficient agent in the retraction of

the collar, and an aid in the expulsion of matters from

the rectum.

Interior to the musculo-mucous investment of the body

is a second covering, (figs. A, B, C, 3) which may be

considered as a sort of peritoneum. It is a muscular

membrane, and encloses the digestive and generative

apparatus. It is usually pretty closely attached to the

outer tegument, except in Tebennophorus carolinensisy

in which the two are separated in all parts of the body,

except above the pedal disc, where they are firmly

blended together, as in all Gasteropoda. It forms the

partition or diaphragm between the visceral and pulmo-

nary cavities. This membrane is composed of transverse
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and longitudinal, unstripcd, nuclear fibres, and is the ori-

gin of the especial retractor muscles of different organs.

Chapter iv.— of the digestive apparatus.

LiMAX. The orifice of l^he mouth is bounded by a

pair of contractile hps, is situated at the anterior part of

the head, and opens into the cavity of the buccal body.

^Yhen the latter is retracted by its peculiar muscle, the

oral orifice becomes lengthened into a canal by the in-

version of a portion of the external integument.

The buccal body is an irregularly oval-shaped, muscu-

lar organ, resembling in appearance a gizzard, and con-

tains within it the masticatory apparatus. Just within

the upper lip, attached to the entrance of the buccal

body, is the dental plate, a crescentic, corneous lamina,

used for cutting the food. Its anterior face is convex,

and presents several vertical ridges. Into its upper

convex edge, a band of muscular fibres is inserted, by the

contraction of which the inferior, concave, cutting edge

is advanced beyond the line of the upper. The middle

of the cutting edge is extended into a short, conical

toothlet. This plate is brought into view when the ani-

mal is eating, by the advancement of the buccal body.

The floor of the cavity is occupied with a gouge-shaped,

muscular tongue, the tip and upper surface of which are

free, and are covered by a corneous lamina studded with

a great number of conical dentures, with the points pro-

jecting backwards, arranged in transverse rows. These
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teeth preserve the same form in the lines from before

backwards ; the central line always diifers from the

others, and the teeth also vary gradually in form and

size as they pass off from the central line laterally. They

also vary slightly in form in different species. This

lamina protrudes from the buccal body posteriorly, into

a short, rounded, protuberant, blind sac, within which it

appears to undergo a constant growth, as it is worn away

by attrition anteriorly ; for its use appears not only to

facilitate the passage of the food onwards to the oesoph-

agus, but also to act as a sort of rasp for triturating it, by

means of the powerful muscles composing the buccal body.

Into the posterior, inferior part of the buccal body, below

the blind sac of the lingual lamina, is inserted, in a trans-

verse, curved line, its retractor muscle. This muscle has

its origin, in common with the retractors of the tentacles,

from the muscular investment of the visceral cavity, pos-

terior to the pulmonary cavity, and to the right of the

rectum.

The oesophagus proceeds from the upper, posterior part

of the buccal body backward to the stomach. It is short,

and dilates gradually into the latter.

The stomach is a capacious, membranous receptacle,

when extended being two-thirds the length of the animal.

In L. variegata and L. agrestis^ anteriorly it is dilated,

and elongated-oval in form, posteriorly it is intestiniform.

In L. campestris, it is nearly uniformly cylindrical

throughout. Where the stomach terminates in the small

intestine, it makes a turn forward with the latter, pro-
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ducing, in L. variegata and L. cajnpestris, a sort of cul-

de-sac posteriorly. Into the angle formed by the stomach

and intestine, on each side, opens a bihary duct, which,

in L, agrestis, however, are more removed toward the

small intestines.

The intestine forms a single convolution among the

lobes of the hver, and then passes obhquely forward from

the left to the right side, to join the rectum. It is capa-

cious, and pretty uniformly cylindrical throughout.

About the middle of the oblique portion going to join

the rectum, in L. agrestis, opens a short, cylindrical cul-

de-sac. In L, variegata the intestine, upon reaching

the retractor muscles of the buccal body and tentacles,

winds around their origin, turns backward a short dis-

tance, and then again forward to the rectum, producing

in this way a sigmoid flexure. From the termination of

the latter in the straight portion, there proceeds back-

ward as far as the termination of the visceral mass, a

long, cylindrical cul-de-sac.

The rectum is short and straight, and penetrates into

the pulmonary cavity, upon the right side of which it

proceeds to the pulmonary orifice, at which it terminates

by the anal aperture.

The sahvary glands are two in number, flat, oval or

irregular in outline, of a grayish pink hue, and are situ-

ated upon the anterior parietes of the stomach. They

are composed of several lobuli, which are conglomerated.

From each gland proceeds a duct, along the oesophagus

to the buccal body, into which they open on each side of
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the entrance of the oesophagus. In L. campestris, the

two glands are conjoined, so as to form a collar around

the commencement of the stomach.

The liver, by far the largest viscus in the body,

occupies a position at the posterior part of the latter.

It is of a brownish color, and consists of two principal

lobes, an anterior and a posterior, which are further

divided, the anterior into three or four, and the poste-

rior into two lobes. Each lobe is composed of a number

of lobuli held together by bloodvessels. From the con-

vergence of branches, an hepatic duct is formed for each

principal lobe, which opens in the side of the angle formed

at the termination of the stomach in the intestine. The

posterior cul-de-sac of the stomach usually contains some

bile, which is a thin, glairy, drab-colored fluid.

Arion. The digestive apparatus offers but little

peculiarity from that of Limax. The retractor muscle

of the buccal body is not so strong, and is divided into

two lateral bands. The oesophagus is narrower and

longer. In the form of the stomach and absence of a

cul-de-sac to the small intestine, it resembles Limax

campestris. The rectum, in its course to the pulmonary

orifice, perforates the renal organ.

Tebennophorus. The buccal body has a conspicu-

ous curve downwards, and the buccal pouch of the

lingual lamina is longer than in Limax or Arion, and

curves upwards from the postero-inferior part of the
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buccal body. The retractor muscle of the latter is split

into two bands as in Arion, but one stronger. There are

also two small retractor muscles to the lower lip. The

oesophagus is comparatively long. The stomach is cylin-

drical and sacculated, and, posteriorly with the small

intestine, forms a wide cul-de-sac. The small intestine

is like that of L. campestris and Arion. The salivary

glands occupy a position on each side of the oesophagus.

The ducts are tortuous.

Vaginula. The buccal body possesses no retrac-

tor muscle. The dental plate is broad, and, upon the

anterior surface, has a pectinate appearance, from the

numerous ridges upon it. Its cutting edge is devoid of

the conical toothlet. The oesophagus is moderately long

and capacious. The stomach is cyhndrical and saccu-

lated, and posteriorly forms a deep, capacious cul-de-sac,

independent of the small intestine. It is strongly mus-

cular and shining, the transverse muscular fibres being

very distinct. The anterior hepatic duct opens into the

angle formed by the cul-de-sac and the intestine, the

posterior into the fundus of the latter. The small intes-

tine is pretty uniformly cj^lindrical, and holds the usual

course to near its termination in the rectum, when to

reach the latter it turns abruptly backward, and joins it

on the right side, just posterior to the middle of the

body. The rectum is straight, and proceeds backwards,

along the right side of the body, within the pulmonary

cavity, and terminates between the extremity of the tail
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and the pedal disk, at the side of the pulmonary orifice.

The salivary glands are arborescent, or fasciculated in

appearance. The ducts are short and delicate. The

lobuli of the liver are looser, or more separated, than in

the preceding genera.

Helix. The buccal body has the same appearance,

generally, as in the slugs. The retractor muscle is

much stronger, and has its origin in common with the

retractor of the foot and tentaculsc, from the columella of

the shell ; at its insertion it forms a semicircle around the

posterior inferior part of the buccal body. The pouch of

the lingual lamina is always a prominent object. In 11.

cellaria and //. concava^Wia buccal body is proportionately

nearly twice the length of that of the other species. The

dental plate varies in some degree in different species : in

//. ligera, TL intertexta, &c. it is smooth anteriorly, and

in the middle projects downwards into a large, conical

toothlet ; in //. alholahris, II. tridentata, &c. the ante-

rior surface presents a number of curved ridges, each of

which projects inferiorly as a sort of toothlet.

The oesophagus is generally long and narrow. In

some species it is unusually long and contracted, as in

IT. concava, II, cellaria, II. Idrsuta, II. perspectiva, etc.

;

in others it is long, and dilated in the middle, as in II.

auriculata ; in many it is capacious, and gradually passes

into the stomach, as in H. exoleta, etc.

The stomach is usually cylindroid, and more or less

sacculated. The posterior cul-de-sac is always present.
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The srniill intestine comes off from the stomach at a

very acute r.ngle, and into tlic latter two hepatic ducts

empty. It is pretty uniformly cylindi-icjil, and forms, as

in slugs, a single convolution or a sigmoid curve, among

the lobes of tlie liver, and penetrates to the pulmonary

cavity at its right posterior angle, ^flie rcctmn, in all

the testaceous genera, corresponds in length to the pul-

monary cavity, the right side of wliich it occupies to the

pulmonary orifice, at the outer border of which it ter-

minates by the anal aperture. It is cylindrical, usually

wider than the small intestine, and is frequently some-

what sacculated. U[)on the outer side of the rectiun,

running its whole length, is a band of muscular fi])res,

the object of which is, apparently, the retraction of the

collar, the shortening of the rectum, and the expulsion

of its contents.

The salivary glands are generally elongated, oval, with

lobed edges. They are usually uinted together and

situated on the oesophagus, or commencement of the sto-

mach. When the oesophagus is narrow they surround

it ; when dilated, they occupy one-half or two-thirds of

its surface. The salivary ducts are long and large.

The liver is four lobed, three of which lobes are ante-

rior or inferior, and the fourth posterior or superior. The

fourth lobe, conjoined with the testicle, forms the very

summit of the turbinated mass. The ducts from tlie

anterior lobes converge to form a single trunk, which,

with that from the posterior lobe, open into the junction,

or angle, of the cul-de-sac of the stomach with the intes-

tine.
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BULIMUS. The digestive apparatus in B. dealhatus,

B. decoUatiis, and B. virgulatiis, resembles that of ff.

auriculata ; the oesophagus is long, narrow, and dilated

in the middle ; the stomach is cylindroid, and more or

less sacculated. The stomach of B.fasciatus resembles

that of Limax varier/ata, being large and capacious ante-

riorly, cylindrical and sacculated posteriorly. The rec-

tum is capacious and sacculated.

Pupa. A characteristic of this genus is the very great

proportionate length of the viscera, corresponding to the

numerous whorls of the shell. The retractor muscle of

the buccal mass is long and strong. The dental plate

has two central, conical toothlets in its cutting edge.

The oesophagus is very long and narrow. The stomach

is very long, and even forms a fold upon itself. The rec-

tum is very long and sacculated ; the muscle on its outer

side is well developed.

SucciNEA. A characteristic of this genus, the re-

verse of Pupa, is the great breadth and shortness of the

viscera. The dental plate has an upper, quadrangular

piece, superadded to the ordinary, crescentic plate.

The stomach resembles that of Limax variegata. Its

mucous membrane presents several longitudinal rugae.

The small intestine does not undergo the same relative

diminution, with the other viscera. The rectum is very

short, and, from the transverse position of the pulmo-

nary cavity, it is placed along the right of the breadth,
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instead of the length of the latter, as usual. The salivary

glands are situated one on each side of the commencement

of the stomach ; their ducts, just before opening into the

buccal body, become dilated.

Glandina. The oral orifice is triangular, and bounded

by three papillated lips, one upper and two lateral. The

buccal body is a very long muscular cylinder, a little

curved downward at the posterior part. There is no

cul-de-sac for the lingual lamina protruding behind ; and

the retractor muscle is divided into three fasciculi, one

central and passing into the buccal body posteriorly, the

others lateral and inserted as usual. Externally, it has

a very thin investment of longitudinal muscular fibres,

continuous with those of the retractor muscle and the

origin of the especial muscles of the tongue. This layer

is very delicate and transparent ; and at the anterior

third of the buccal body, laterally and inferiorly, it pre-

sents several fasciculi, which pass to the tegumentary lips.

Beneath the exterior covering, and readily seen through

it, is a thick and strongly fasciculated, transverse layer of

muscular fibres. When the buccal body is laid open the

oral orifice is found to be continuous with a triangular ca-

nal with smooth sides, running one-third its length. At

the posterior superior termination of the canal, is the open-

ing of the oesophagus and orifices of the salivary ducts.

There is no dental plate. The posterior two-thirds of the

buccal body is occupied by a long oval organ, composed

of numerous, strong fasciculi of muscular fibres, arising



20 SPECIAL ANATOMY OF THE TERRESTRIAL

laterally and inferiorlj at the posterior part of the buccal

body ; the former passing inwards and forwards, the lat-

ter forwards to the anterior extremity of the organ, which

is free, and projects into the triangular, oval canal. The

lateral fasciculi leave between them superiorly an inter-

stice, at the bottom of which is found the lingual lamina,

in the form of a tube, closed posteriorly, and open and

reflected downwards and backwards upon the anterior,

free tip of the organ. Into the posterior extremity of

the lamina, the middle fasciculus of the retractor mus-

cle of the buccal body is inserted ; and, just anterior

to this insertion, a small, attrahent fasciculus, arising

from the roof of the buccal body, posterior to the orifice

of the oesophagus, wdiich gets to the lamina by means of

the interstice of the muscular organ superiorly. The

teeth of the lingual lamina are arranged diagonally, from

the middle line, in parallel rows, passing from within out-

wards.

The oesophagus issues from a fissure at the upper poste-

rior line of the anterior third of the buccal body. It is

long and cylindrical, and rather wider at its termination

than at its origin. The stomach is irregularly cyhndroid,

and has a cul-de-sac at its commencement, projecting an-

terior to the entrance of the oesophagus. The small intes-

tine is capacious.

The salivary glands are conjoined, so as to form a cir-

cular collar around the posterior part of the oesophagus.

The salivary ducts are long, and enter the same fissure

of the buccal body at which the oesophagus issues. The
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anterior lobes of the liver are comparatively very small,

while the posterior lobe is correspondingly large ; and to

the whole there is but a single duct.

Chapter v.— observations on the tissues of the

digestive apparatus.

The mucous membrane of the alimentary canal is

usually smooth throughout. In the stomach it frequently

presents a number of transverse folds, corresponding to

the contractions which produce the sacculated appearance

of the organ ; and in several species of different genera

it presents a few longitudinal rug^, as in Limax varie-

gata, Bulimus fasciatus, Helix exoleta, etc. In its

whole extent it is formed of a columnar epithelium and

a nucleolated-nucleated basement membrane. The col-

umnar cells of the epithelium are long and pyramidal,

the upper part or base being broad, and the attached ex-

tremity very narrow. They are filled with a very fine,

indistinct, granular matter, intermingled with coarser,

highly reflective granules. Each contains an oval, gran-

ular nucleus, with a minute nucleolus.

The muscular investment of the intestinal canal is

strongest upon the stomach and rectum. In Vaginulus,

Pupa incana, etc. it is strong and shining upon the sto-

mach. It consists of two layers, an internal transverse

and an external longitudinal. They are both composed

of white, shining, strap-shaped bands, with the extremities

pointed and closely adapted to each other. None of
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the transverse bands surround the stomach, all being

much too short. They are mdistinctly granular in struc-

ture, and each contains one or two elongated nuclei.

The lobules of the salivary gland are composed of the

dilated commencements of the ducts, lined with soft,

granular cells, which are oval in form, and contain a

round, granular nucleus with a minute nucleolus. The

basement membrane of the salivary ducts is amorphous.

The epithelial cells lining the trunks bear considerable

resemblance to those found in their follicular commence-

ment. Outside of the basement membrane, twine nar-

row, muscular fibres in various directions. They are

nucleated, and where the nuclei exist are wider than at

the intervening parts.

The lobuli of the liver are composed of the rounded

commencement of the biliary ducts, and are lined with

polygonal cells, which become globular on the removal of

pressure. The hepatic cells contain a fine, granular

matter, fine and large oil-globules, and a round, nucleo-

lated nucleus.

Chapter vi.— of the generative apparatus.

All the terrestrial Gasteropoda under consideration are

monoecious, or hermaphroditic, though none are capable

of self-impregnation. They are also all oviparous.

LiMAX. The testicle is a round, or oval body, par-

tially concealed by the liver ; it is brown in color, and
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has the appearance of being composed of rounded acini.

In L. variegata, it is lobulated. The epididymis is an

unduhated, or moderately tortuous tube, leading from the

testicle to the inner side of the junction of the ovary with

the prostate gland. It opens into a groove upon the inner

side of the interior of the oviduct which is continuous, at

its inferior extremity, with the vas deferens. Opening

into the termination of the epididymis, and lying against

the inner side of the ovary, is a small, compound, folli-

cular body, which appears to be common to all the terres-

trial Gasteropoda. The prostate gland is a white, or

cream-colored body, occupying the inner side of the whole

length of the oviduct. It has a transverse, striated ap-

pearance, and numerous openings into the groove leading

from the epididymis to the vas deferens.

The vas deferens is a comparatively short tube, pass-

ing from the prostate gland to the penis. In L. varie-

gata, it joins the summit of the latter ; in L. agrestis

and L. campestris, it enters near the base.

The penis, in L. variegata, is a long, cylindroid, irre-

o-ular body, lying at the right anterior part of the vis-

ceral cavity, and joining at its termination a short cloaca.

Into its summit is inserted the retractor muscle, which

has its origin from the muscular investment of the vis-

ceral cavity, just posterior to the position of the pulmo-

nary cavity. The interior of the penis is lined by mucous

membrane, its exterior of muscular membrane. In L.

agrestis and L. ca7npestns, the organ which corresponds

to the penis of L. variegata becomes of a somewhat pro-
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blematical character. In L. agrestis, it is an elongated,

conical or;.^an, with a protuberant base. Its summit is

divided into three coeca ; the retractor muscle is

inserted into its side. Upon the interior it presents

several longitudinal folds of mucous membrane, and at

its lower part, corresponding to the protuberance of the

base, an oval, pointed papilla. In X. campestris^ the

organ is spiral, and has but a single pointed summit.

The ovary is a large, white, semi-elliptic organ, usually

more or less curved and lobulated, and situated at the

summit of the oviduct. In L. agrestis and L. caynpestris

it is always two-lobed, or double. The oviduct is a long,

wide, soft, white, tortuous, sacculated tube, passing from

the ovary to the vagina. The neck or portion immediately

joining the vagina, commences usually where the prostate

gland terminates, and is contracted to less than half the

calibre of the upper portion of the tube. Its interior sur-

face exhibits a number of transverse folds, corresponding

to the contractions which produce the sacculated appear-

ance of the organ, and upon the inner side upon each

side of the spermatic groove, or longitudinal fold.

The generative bladder, in L. variegata^ is a large

pointed, oval receptacle, opening by a very short, wide

tube or duct, into the vagina. In L. agrestis it is large,

elongated oval, and opens by a short duct into the angle

formed by the junction of the vagina with the male

portion of the generative apparatus. In L. campestris

it is a small oval sac, with a longer, narrow duct, open-

ing into the tube leading from the penis to the cloaca.
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In all three species of Limax, the cloaca is a short canal

opening at the generative orifice on the right side of the

head.

Ariox. The generative apparatus resembles more

that of L. variegata than the other species. The penis

is cylindrical, dilated at base, and has its retractor mus-

cle inserted into the latter point. The generative blad-

der is large, oval, pointed at summit, and has a very

short but muscular duct, joined midway by the vagina.

At the latter junction is inserted a second retractor mus-

cle. The cloaca is long and dilated in the middle.

Tebexnophorus. The testicle lies upon the right

side, partly concealed by the Uver ; it is round and lobu-

lated. The epididymis is more tortuous than in the pre-

ceding. The vas deferens is very long, tortuous, and

muscular. It joins the penis at its summit, and has the

retractor muscle inserted into it the length of the penis

above the latter. The penis is irregularly cyhndroid,

bent at its summit.

The ovary is exceedingly lobulated. The oviduct is

tortuous, wide, aud very much sacculated. The prostate

gland is longer than in Limax or Avion. The genera-

tive bladder is large, globular, or nearly so. Its duct is

rather less than half the length of the oviduct. At its

junction with the neck of the latter, an oval, muscular

organ exists, the dart sac. Within the latter at the bot-

tom, is a hemispherical papilla, upon the summit of which

4
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is placed a white, calcareous, calcarate dart. At the

junction of the vagina, common to the neck of the ovi-

duct, duct of the generative bladder, and the dart sac,

with the penis, there are two short retractor muscles

inserted. The cloaca is narrow and cylindrical, and has

surrounding two-thirds of its middle, a thick, glandular

organ. Interiorly, the penis, cloaca, etc. have a longi-

tudinally rugous surface.

Yaginulus. a remarkable peculiarity of this genus

is the removal of the male and female portions of the sex-

ual apparatus from each other. The former, except the

testicle and prostate gland, occupies the usual position,

but opens externally between the mouth and olfactory

orifice ; the latter is placed in the middle inferior part of

the visceral cavity, and opens exteriorly on the right

side, inferiorly just posterior to the middle of the body.

The testicle is situated between the posterior part

of the stomach and the liver, on the right side. It is

not lobulated, but has the same aciniform arrangement

as in the preceding genera. The epididymis is mode-

rately tortuous, and becomes the vas deferens at the

junction of the ovary with the oviduct. The vas deferens

takes a remarkable course to get to the penis. It is, at

first, attached for a short distance to the commencement

of the oviduct, which it leaves, and then winds around its

lower extremity, where it is joined by a comparatively

very small prostatic gland. It continues its attachment

to the lower part of the oviduct to the junction of the
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latter with the duct of the generative bladder, where it

receives a small duct from the duct of the latter organ,

and then passes nearly to the external female orifice,

where it turns abruptly forwards between the muscular

peritoneum and the right edge of the podal disk, and

continues this course to the head. It now turns abruptly

backwards to the right, and again appears within the

visceral cavity, and passes to the base of the penis.

The penis is a conico-cylindroid, contorted organ, con-

tained within a thin, muscular sheath. Its apex presents

a small, round papilla, or glans ; and into its base is in-

serted the retractor-muscle, which arises just anterior to

the pulmonary cavity. The lower part of the preputial

sheath of the penis is joined by the common duct of a

highly developed, multifid vesicle. This latter organ

consists of twenty-five long, narrow, cylindrical. Wind

tubes, contorted at their termination, and opening separ

rately into a common tube, containing, in the specimen

examined, attached to its bottom, a narrow, cylindroid

organ, which, probably, may have been an uncalcified

dart.

The tube formed by the pragputium and the duct of

the multifid vesicle, as previously mentioned, opens ex-

teriorly immediately beneath the mouth. The ovary is

small and unusually lobulated. The oviduct is a narrow,

cylindrical tube, which winds forwards and then back

again so as to form a double spiral, after which it makes

a curve downwards, and is joined by the duct of the

generative bladder. The latter organ is globular ; its
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duct is short, gradually increases in breadth, and is spi-

rally twisted. From the duct, as previously mentioned,

passes a small offset to the vas deferens. The common

duct of the bladder and oviduct, or vagina, is cylindri-

cal, and, just before terminating, is joined by a short,

wide tube, derived from a large, oval sac, which is filled

with a dehcate, reticulated substance. This sac is pecu-

liar to Vaginulus ; its use is problematical.

The position of the female orifice of generation has

been already stated.

Helix. The testicle, very unlike that of slugs, is

imbedded or commingled with the parenchyma of the

posterior or superior lobe of the liver ; and^ instead of

having an aciniform appearance, it is composed of fasci-

culi of short coeca. It is usually of a lighter color than

the liver. The epididymis is long, and generally very

much convoluted, and contains a white, silky, tenacious,

substance, often distending the tube to a considerable

degree, composed of spermatozoa. At its junction with

the prostate gland, it always receives the duct of a small

accessory gland, composed, in different species of Helix,

of from three to nine acini.

The prostate gland is generally larger than in the

Limaces ; in H. exoleta it is unusually large.

The vas deferens generally corresponds in length with

the curve passing from the termination of the prostate

gland downwards to the cloaca, and thence to the sum-

mit of the penis. In H. exoleta and H. alholahris it is
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considerably longer, and in the latter presents several

large convolutions. In H. intertexta^ H. Ugera, H. gu-

laris, and JI. suppressa, it is much shorter. Generally,

it is a white, narrow, cylindrical, frequently undulated

tube. Sometimes it is distinctly and strongly muscular,

as in H. albolahris, H. tridentata, IT. elevata, etc. In

ff. fuUginosa its lower part is dilated to the diameter of

the penis, and is strongly muscular. In R. albolahris,

H. tride7itata, and R. exoleta, at its commencement it

presents a dilated and glandular appearance. In IT.

solitaria it is much dilated, annulated, and glandular at

its termination. In all instances except in II. cellaria

and H. alternata, it joins the summit of the penis ; in

the two latter it joins the penis at the side, very near

the summit.

The penis varies very much in form and size ; most

usually it partakes of a conico-cylindroid form. In 5".

sap, H. texasiana, H. inflecta, and II. auriculata, it

is very large and long, cylindrical, collapsed, and flaccid.

In II. concava it is long, clavate, and bipartite at the

summit. In R. altemata, H. perspectiva, and H. solita-

ria, it is short, stout, and clavate. In H. albolahris, H.

tridentata, H. multilineata, H. arborea, H. dentifera,

and H. palliata, it has ;a thick, preputial membrane,

originating around its base, and rising upwards so as to

envelop it for one or two-thirds of its extent. In H. pro-

funda the base of the penis protrudes into a sheath join-

ing the cloaca, in the form of a cone with its apex bent

upon itself. In H. ligera, H. intertexta, and H. sup-
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pressa, it is wholly enveloped in a sheath derived from a

tubular offset from the duct of the generative bladder.

The muscular tunic of the penis is thick and strong.

The internal lining mucous membrane usually presents a

number of large rugae, longitudinal and oblique ; fre-

quently there is but a single, large, longitudinal fold, as

in IT. alternata, H. alholabris, etc. At the point of en-

trance of the vas deferens there is generally one or two

pendant, valve-like folds of the lining membrane.

In H. albolabris, H. tridentata, and IT. midtilineata,

the surface of the membrane is everywhere distinctly

papillated ; in the others it is smooth.

The penis of IT. cellaria on the outside presents a row

of minute, round, glandular bodies.

The retractor muscle is in all cases, except in H. soli-

taria, inserted into the summit of the penis, or into the

vas deferens near its termination in the latter. In the

excepted case, it is inserted into the side of the penis,

above its middle. In S. multilineata there are some

accessory fibres passing from the latter to the prepu-

tium ; in H. profunda to the base of the penis ; in H,

albolahris, tridentata, etc. from the vas deferens to the

preputium. The penis joins at its base the cloaca.

The ovary has the same general form and color as in

slugs, but rarely presents any thing more "than a trace of

lobuli, usually having a uniform, homogeneous appear-

ance. The oviduct does not differ from that of the slugs.

Its neck is usually narrow, and of variable length, and is

joined at the lower part by the duct of the genital blad-
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der, to form the vagina. In II. concava and H. multi-

Uneata, the neck is long, dilated at its lower part, and

strongly muscular, and its internal surface presents a

number of longitudinal rug?e. In H. profunda and ff.

fuliginosa, it is long, cylindrical, and strongly muscular.

The genital bladder, constantly existing, presents con-

siderable variation in the form, size, and length of the

duct. It is generally subrotund, oval, or pyriform in

shape, and large. In H. solitaria the duct is wide, as

long as the oviduct, and dilated at its lower part. In E.

perspectiva it is as long as the oviduct, and narrow. In

E. alternata, E. Ugera, E. intertexta, E. concava, E.

suppressa, and E. gularis, it is rather more than half

the length of the oviduct. In the remaining species gen-

erally, the bladder rechnes upon the lower part of the

prostate gland, and its duct is about the length of the

neck of the oviduct. In E. midtilineata it does not

reach the prostate gland, and so gradually passes into its

duct as to be a mere, long, coecal tube. In E. her-

landeriana the duct of the bladder is as short as that of

Arion. Usually, the surface of the bladder is smooth
;

in if. profunda and E, exoleta it is transversely folded ;

in E. fuliginosa it is regularly, longitudinally folded.

In E. concava and E. multilineata, the duct of the

bladder at its termination dilates, and is strongly muscu-

lar. In E. solitaria the lower third is dilated. In E,

fuliginosa and E. profunda, it is strongly muscular the

greater part of its extent. In E. albolahris, E. palliata,

E. tridentata, etc. it is dilated to the size of the bladder,
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is strongly muscular, and internally presents a number

of regular, longitudinal folds, sometimes undulated at the

sides, extending to the lining of the bladder in the form

of line-like plicae. In H. ligera, H. intertexta, H.

gularisy and II. suppressa, an offset from the duct of the

bladder passes down, and encloses the penis, dart sac,

and cloaca.

The vagina, or common duct of the oviduct and duct

of the genital bladder, holds no correspondence with the

length of the penis ; it is always shorter, usually not

more than one-third the length, and is also narrower.

In II. faligiiiosa^ it is surrounded by a thick, glandulous

body.

In II. ligera, H. intertexta, H. gularis, and II. sup-

pressa, there exists, opening into the cloaca, a curbed,

cylindrical, strongly muscular dart sac, longer and nar-

rower than the penis. The bottom of the tube, for one-

fourth the length of the latter, is occupied by the papilla

from which arises the dart. The muscular layer, for

more than half the length of the tube, at the middle of the

latter, closely envelops the dart, and terminates abruptly

below in a sort of papilla, from which the point of the dart

projects into the lower part of the tube. The dart is a very

long, narrow, curved, cylindrical, tubular, flexible, calca-

reous spiculum, terminating in a sharp, spear point. At

the base of the dart, there opens into the dart sac, in II.

ligera and II. suppressa, a single, short, pyriform follicle,

the simplest homologue of the multifid vesicle. In //. in-

tertexta and II. gularis, there is a pair of such folUcles,
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but loncrcr. Into the summit of the dart sac is inserted

a retractor muscle, originating from the angle formed bj

the division of the duct of the genital bladder into two

parts. Opening into the tube which leads from the penis

to the cloaca, in II. Berlanderiana^ is a cylindrical,

curved, muscular organ, about one-half the length and as

thick as the penis, which is probably a dart sac, although

in the specimen dissected no dart was found. In H. con-

cava, opening into the cloaca, is a short, rounded, muscu-

lar cavity, probably a dart sac, which, however, in the

individuals dissected, were also destitute of the organ.

The cloaca, or common receptacle of the termination

of the male and female organs of generation, is a short,

wide, muscular tube, holding no relationship with the

length of the penis, and opening exteriorly on the right

side of the head.

In many species of Helix, the anatomy of the genera-

tive apparatus is so very similar, that they appear to

differ in nothing but size. Thus, 11. albolabris, H,

tridentata, H. dentifera, H. palliata, H. arhoy^ca^ and

H. fallaXy are alike ; II. intertexta^ H. gularis, H.

suppressa, and H. ligera are also alike, except that the

two latter have but a single vesicle to the dart sac, while

the former have a pair. II. aiiriculata, H. texasiana,

and H. inflecta, are alike, and also //. iliyroidus and IL

pidcJiella.

It is a very remarkable fact in the special anatomy of

the generative apparatus of the genus Helix, that while

the flagellate form of the penis and those accessory

5
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organs, the dart sac and multifid vesicles, are so com-

mon in European species, they are very rare in American

species. In not one of the latter does the flagellate form

of penis exist. A rudiment, or simplest condition of the

multifid vesicles, only exists in four species ; H, inter-

texta and H, gularis, in which there is a single pair of

follicles, and H. ligera and H. suppressa^ in which there

is but one short follicle. The dart sac exists certainly

in only the four latter species, probably in H, berland-

eriana, and doubtfully in H. concava.

BuLiMUS. In B.fasciatus the penis is long, cylindri-

cal, and strongly muscular. The vas deferens joins it

near the summit ; and the retractor muscle, which is

very long, is inserted into the latter. The oviduct is

long, and its central part presents the peculiarity of be-

ing colored brown. The genital bladder is ovate, situated

near the ovary, and its duct is narrow, and as long as

the oviduct. The vagina is broad and muscular. At

the base of the penis, there opens a short, cylindrical

duct, derived from a single, multifid vesicle, which pre-

sents six or seven rounded or ovate divisions. There is

no dart sac.

In B. dealbatus the penis is very long ; its upper por-

tion is narrow and very tortuous, and flagellate in appear-

ance ; although the true flagellum, or the free portion of

the summit of the penis beyond the insertion of the re-

tractor muscle, is very short. The lower third of the

penis is dilated, and presents an annular constriction ;
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at its base it is enveloped by a short prepuce. The vas

deferens follows the course of the penis nearly to its

summit. The genital bladder is oval ; its duct as long

as the oviduct.

In B. virgulatus the penis is long, irregularly cylin-

droid, and has its base enclosed in a short prepuce. The

vas deferens terminates in, and the retractor muscle is

inserted into, its summit. The genital bladder is oval

;

its duct is not more than one-third the length of the ovi-

duct, and dilates as it passes downwards.

In B. decoUatus the penis is short, conico-cylindroid,

and simple. The vas deferens enters near its base ; the

retractor muscle is inserted into its summit. The geni-

tal bladder is small ; its duct is narrow, and not longer

than the neck of the oviduct.

Pupa. In P. incana the penis is short, narrow, and

cylindrical. The vas deferens is of a very great length

when compared with what it is usually in the other

genera. Its lower part, about the length of the penis,

is dilated to the size of the latter organ, is strongly mus-

cular, and terminates at the base of the penis. The

retractor muscle is inserted into the summit of the latter.

The lining membrane of the penis presents a single, longi-

tudinal fold. At the base of the penis is a short, muscu-

lar sac, or protuberance, probably a dart sac, although

the individual dissected possessed no such instrument.

The genital bladder is oval ; its duct is as long as the

oviduct, and midway receives a long, narrow duct, de-



36 SPECIAL ANATOMY OF THE TERRESTRIAL

rived from a granular, glandular organ combined with

the testicle in the posterior lobe of the liver.

SucciNEA. The testicle is not separated into distinct

fasciculi by the parenchyma of the liver as in Helix, but

forms a single mass. The epididymis is very much con-

voluted, and appears always to be distended with sperm-

atic matter. The prostate gland is unusually short,

occupying the upper half only of the length of the ovi-

duct, and is thick, clavate, and more or less colored by

pigmentum nigrum cells upon the surface. The penis

is long, cylindroid, curved downward at its upper part,

and is joined at its summit by the vas deferens. The

retractor muscle is inserted into the penis a short dis-

tance below its summit. The genital bladder is large

and globular ; its duct is nearly as long as the oviduct,

and is narrow. The vagina is moderately long and mus-

cular. The cloaca is short.

Glandina. The testicle is an oval mass, separated

from the liver as in the Limaces. The epididymis ap-

pears from a hilum in the side of the testicle ; at first

but slightly tortuous, it becomes convoluted just before

ending. Its accessory glandula is large. The penis is

long, large, and clavate, very gradually enlarging from

the base to the summit. The vas deferens, which joins

the latter point, is long, moderately tortuous, and wide.

The retractor muscle is inserted into it near its ter-

mination in the penis. The bladder is oval, constricted ;
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its duct is as long as the oviduct. The vagina is

moderately broad. The cloaca is short. The exte-

rior generative orifice is on the right side of the head,

considerably posterior to the inferior tentaculse.

Chapter vii. — general remarks upon the junction

OF different portions of the generative appara-

tus, AND the structure OF ITS TISSUES.

The testicle was mistaken by Swammerdam, Cuvier,

and others for the ovary, and the latter organ and pros-

tate gland for two portions of the testicle. A micro-

scopic examination of these different organs at once,

very easily settles their true nature ; although, even

without this mode of analysis, we would suppose the epi-

didymis would indicate the character of the gland of

which it is the duct, and leave the remaining two organs

to be considered as belonging to the female apparatus.

In Helix, the structure of the testicle consists of dense

fasciculi of short coecal pouches, which are simple, bifur-

cate, or trifurcate. These contain polygonal spermato-

phori, which are finely granular with a round nucleus, or

filled with granular globules of uniform size, or with coils

or bunches or fascicuh of spermatozoa. The epididymis

always contains, more or less, and is frequently dis-

tended with, a white, silky, filamentous substance, com-

posed of spermatozoa. The latter consist of very dehcate

and, comparatively, enormously long filaments, terminat-

ing, at one extremity, in a thickened head. They vary
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in length in different species of these gasteropods. The

head assumes two principal forms ; it is either sigmoid

and pointed, as in H. albolahris, H. multilineata^ etc., or

else it is spiral and pointed, as in H. alternata, II. soli-

taria, etc. In the vas deferens, the spermatozoa may

often be detected in movement, which is slow and vibrat-

ing in character.

The prostate gland, although situated along the tract

of the oviduct, evidently belongs to the male apparatus,

as is proved by its emptying solely into the vas deferens

in Yaginulus, and in its being placed between the ter-

mination of the epididymis and the commencement of

the vas deferens only, as is very conspicuously observed

in Succinea. In structure, it is composed of closely

packed, tortuous, tubular, simple folhcles, lined with

short, thick, pyramidal epitheha, which are densely gra-

nular, and contain a round, nucleolated nucleus. The

object of this organ probably is to dilute the very tena-

cious spermatic matter as it oozes from the epididymis

into the spermatic groove on the inner side of the ovi-

duct.

In all the terrestrial gasteropods examined, there was

found a small, glandular body, from which proceeds a

short duct to join the termination of the epididymis. It

consists of from two to nine rounded folhcles joining a

common duct, and, from the constancy of its existence,

must be deemed important.

The ovary is soft and homogeneous in appearance

;

viewed by the microscope, it is found to be almost wholly
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composed of immature ova, polygonal cells with a germi-

nal vesicle and macula.

The sides of the oviduct are soft, and in great measure

composed of a tissue consisting of large, polygonal cells,

"with from one to five small, round nuclei.

The organ denominated genital bladder, from its open-

ing into the vagina, or at the termination of the latter,

and in Vaginulus from its belonging almost wholly to the

female organs, must be considered rather as a portion of

the female apparatus than a prostatic sac, as it is called

by Owen. By many authors, this has been termed the

spermatheca, from its supposed function of holding sperm-

atic fluid received from the male organs ; and with some

reason ; for in several instances I have found it to contain

a tenacious mass, which upon microscopic analysis was,

found to be composed of spermatozoa. This cannot, how-

ever, be considered wholly as its use ; for it secretes a

mucoid matter, which may probably facilitate the passage

of the ova through the vagina and cloaca. The mucoid

matter within the bladder is frequently found to contain -

immense numbers of an infusorial parasite, which I have

described under the name of Cryptoicus.^

The epithelium of the bladder consists of very long,

caudate, columnar cells, with elliptical, granular nuclei,

and a small, round nucleolus.

» Journ. Acad. Nat. Sci. N, S. Vol. I.
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Chapter viii. — of the respiratory and circulatory

apparatus.

The lung of the Terrestrial Gasteropoda is a simple

cavity, with an orifice communicating with the exterior,

upon the right side of the body. The surface of this

pulmonary cavity in part of its extent, and more parti-

cularly near the pulmonary orifice, is covered by a close

intertexture of blood-vessels. The blood of the body is

conveyed directly to the lungs by two principal vessels,

the pulmonary arteries, which join the capillary rete of

the pulmonary surface. From this rete passes ofi" the

pulmonary vein to the heart, which is systemic, and con-

sists of an auricle and ventricle. The auricle receives

the pulmonary vein ; from the ventricle passes off the

aorta, to be distributed throughout the body.

LiMAX. The pulmonary cavity is situated beneath

the mantle, and has nearly the same size and form. It

is separated from the visceral cavity by the muscular

peritoneum, but contains the rectum, renal organ, and

heart. The pulmonary orifice is situated at the antero-

inferior edge of the mantle, on the right side of the body.

When open it appears round ; it is closed by means of

circular, muscular fibres. The pulmonary rete is princi-

pally displayed upon the roof of the cavity, and from it

converge three principal trunks, to form the pulmonary

vein which passes to the auricle of the heart.
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The heart, enclosed within a pericardium, is situated

near the middle of the pulmonary cavity. The auricle

and ventricle are pyriform, and placed base to base.

The sides of the latter are considerably thicker than

those of the former, and present internally several well-

marked fascicuh, crossing in different directions. Be-

tween the auricle and ventricle is a double valve. From

the apex of the ventricle passes off the aorta, which

pierces the muscular peritoneum, and divides into two

principal branches,— one passing to the sub-oesophageal

nano'lia devoted to the viscera in the anterior part of the
CD O

visceral cavity, the other passing to supply the viscera

posteriorly. Upon the right of the heart, attached to

the roof of the pulmonary cavity, is placed a large, glan-

dular organ, considered as the kidney ;
from the wh le of

its rio-ht margin proceeds a duct backwards, which then

curves to the side of the rectum, at the left side of which

it remains attached to the pulmonary orifice.

Arion. The pulmonary cavity is situated as in

Limax. Its whole interior surface presents an intricate

rete, from which converge six or seven pulmonary veins

to the auricle of the heart.

The renal organ forms a complete circle around the

heart, and is perforated by the rectum, in the course of

the latter to the pulmonary aperture.

Tebennophorus. The pulmonary cavity is situated

beneath the anterior portion of the mantle. It is formed

6
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bj an inflection of the muscular layer of the integument

of the body. The renal organ is placed to the right of

the heart, and at its posterior part is perforated by the

aorta.

Yaginulus. The pulmonary cavity is situated be-

tween the muscular peritoneum and the integument of

the body. Its principal portion is placed upon the right

side, anterior to the middle, but extends to the left side,

over the back, and along the right side to the pulmonary

aperture, between the tail and posterior extremity of the

podal disc. The heart is placed in the anterior portion

of the cavity. The auricle receives a vein from the right

and another from the left side. The renal organ is

placed posterior to the heart, between the passage lead-

ing from the pulmonary cavity to its orifice, and the

course of the rectum.

Helix. In this genus, as is also the case in all the

testaceous genera under examination, the pulmonary

chamber is comparatively very large, for reasons already

stated, and occupies a position on the outside of the

lower one or two Avhorls of the turbinated mass of the

viscera. In front, it is bounded by the collar, in the

right side of which is the pulmonary orifice. The floor

of the cavity is formed, as in slugs generally, by the

muscular peritoneum. The roof, or outer wall, is occu-

pied on the right side by the rectum., posteriorly by the

heart and renal organ, and anteriorly by the pulmonary



GASTEROPODA OF THE UNITED STATES. 43

rete of capillary vessels. The pulmonary rete is most

developed in the vicinity of the pulmonary orifice ; and

from it in a line with the latter, along the course of the

rectum, proceeds backward a single pulmonary vein to the

heart. The renal organ is elongated, pyramidal, and is

placed to the right of the heart and pulmonary vein. Its

duct commences upon the right border of the gland,

courses backward to the rectum, along the inner side of

which it passes to the pulmonary aperture.

The remaining testaceous genera present nothing pecu-

liar in the character of the pulmonary or circulatory

apparatus.

General Remarks. The heart, in warm weather

>

beats about fifty-five times in a minute, but to some

extent appears to be under the control of the animal, for

if disturbed or irritated it pulsates much slower.

In composition, the heart consists of distinctly granu-

lated, unstriped, muscular fibres, with oval nuclei, which

are hardly visible before the application of acetic acid to

them.

The interior of the heart and aorta is lined with a tes-

sellated epithelium ; and the exterior of the former and

interior surface of the pericardium are covered by the

same. The cells are granular, with distinct, round, or

oval, granular nuclei, and a minute nucleolus.

The pericardial epithelium separates its peculiar fluid

very freely, the pericardium frequently appearing dis-

tended with the liquor pericardii. In Helices, it fre-
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quentlj contains numbers of an entozoon, which I have

named Distoma vagans} The blood-vessels, especially

in the liver, exhibit a white, opaque appearance, which

is dependent upon the deposit in the sides of the vessel

of innumerable, oil-like granules.

The blood contains numerous blood-corpuscles, which

vary in size, are granular, and exhibit numerous radiat-

ing, projecting points of variable length,— frequently

greater than the diameter of the corpuscle.

The pulmonary cavity is lined with a tessellated epi-

thelium, the cells of which are faintly granular, with a

few coarser granules, and a distinct, round or oval, gra-

nular, nucleolated nucleus.

The renal organ is a gland which exhibits a foliated,

or plicated appearance, within a capsule. The surfaces

of the plicos communicate with the duct existing along

the whole right border of the organ, and are covered

with polygonal, organic cells, every one of which con-

tains a large, white, round, opaque mass, resembling

uric acid in appearance.

Chapter ix. — on the nervous centres, and the

distribution of the nerves.

The nervous centres consist of three distinct sets of

ganglia, which are all placed within the anterior part of

the body or head.

The first set, or supra-oesophageal ganglia, form a trans-

' See Journal Acad. Nat. Sci. New Series, Vol. I.
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verse band, above or in front of the buccal body, usually

at its anterior part, but varying in the latter position, to

some degree depending upon the movements of the buc-

cal body. When the latter is protruded, the band of

ganglia is thro^Yn back to the commencement of the

oesophagus ; when retracted it is placed just behind the

upper lip. It consists of two symmetrical halves united

by a short, transverse commissure. Each half is com-

posed of several ganglia, aggregated to a greater or less

deo-ree in different genera and species, Sometimes they

are so aggregated, or are so covered by enveloping tis-

sue, as to appear a single mass ; in others five or six

distinct masses may be readily counted.

The second set, or sub-oesophageal ganglia, form a cir-

cular mass, placed infero-posteriorly to the buccal body,

in the excavation of the foot. It is asymmetrical, and is

composed of several ganglia, more or less aggregated

together ; from four to seven masses can generally be

counted. It is usually more developed upon the right

than the left side, and passes through all the shades of

color, in different genera and species, from white, yellow,

to orange. Through the opening formed by the arrange-

ment of the ganglia into a circle, passes th
«

cepha ic

branch of the aorta. The supra-oesophageal and sub-

oesophageal ganglia are connected together on each side

of the buccal body by a double commissure, which varies

in length in different genera ; thus, in Helices, etc., it is

generally so long as to allow of much movement of the

supra-oesophageal ganglia forward with the buccal body,



46 SPKCIAf. ANATOMY OF THI<: 'rKRIlKSTRIAL

while in Va^^iniilns it is so short tliat the two sets of gan-

glia form a close ring around the anterior part of the

buccal body.

^Jlie third set of gan^^lia are tlic stomato-gastric, con-

sisting of two minute, lateral masses, united by a short,

transverse commissure, and always placed upon the buc-

cal body immediately postero-laterally to the commence-

ment of the oesophagus. The stomato-gastric ganglia are

connected with the supra-ocsopliageal on each side, by

means of a long, delicate commissure, which is more or

less loose, and permits a free movement of the former

ganglia with the buccal body to which they are fixed.

From the su{)ra-(:josophageal ganglia pass off on each

side,— 1st, a minute branch along the course of the

suprarSub-ooHophageal commissure ; 2d, three or four small

branches to the retractor muscles of the tentacuhc ; Zd,

a large branch, the superior tentacular nerve ; 4th, one

or two small branches to the base of the superior tenta-

cle, for its integument ; /;th, the inferior tentacular

nerve ; Oth, small branches to the integument of the

lips.

From the sub-ocsophagcal ganglia pass off',— 1st, nume-

rous branches on each side, to the podal disk, and late-

rally to the integument ; 2d, a branch on the right side

to the penis ; 3d, a branch to the vas deferens and pros-

tate gland ; 4th, on each side a branch to the retractor

muscle of the buccal body ; r)th, a large one to each side

of the collar and pulmonary chamber ; Oth, a branch

which follows the posterior aortic vessel, which gives off"
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Lranclics to tlic ihuscular peritoneum ;
7th, brandies to

the origin of the tentacular retractors ;
8th, branches

to the oviduct, ovary, testicle, stomach, intestine, and

liver.

From the stomato-gastric ganglia pass off on each

s'ldc,— Ist, a nerve to the external muscular structure

of tlie buccal body ; 2d, two branches which penetrate

posteriorly into the buccal body ; ^5d, a branch to the

salivary duct and gland ; 4th, a branch to the oesophagus

and stomach ; 5th, branch to the interior of the buccal

body anteriorly.

Tho above distribution of the nerves has been princi-

pally derived from dissections of Glandina and JIdix

alhnlahrh. In the former genus, upon what is the nerve

to tho inferior tentacle in tho other genera, there is

formed, near the base of the tentacuhx), a ganglionary

enlargement, from which passes off the true, inferior

tentacular nerve of this animal, and two other large

branches to tho third, or external tentacle.

The nervous centres are composed of ganglion glo-

bules, varying very much in size ; some arc very large,

others are not more than onc-eiglitli the diameter of

tlic larger ones and nuclear bodies. Tho globules are

more or less polygonal, fi'om mutual pressure, arc dis-

tinctly granular, and contain a nucleus whicli is com-

paratively of enormous size. The latter usually fills

one-half or two-thirds of the cell or glo1)ule, is more

distinctly and darkly granular, and contains from one

to seven small, round, transparent nucleoli. The sepa-
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rate nuclear bodies resemble the nuclei of the ganghon

globules, but are much smaller, and contain but a

single nucleolus. The nerve fibres pass through the

ganglionarj centres, among the globules in every direc-

tion ; but none of them appear to originate or terminate

in the latter. None of the ganglionarj cells are cau^

dated.

The nerves consist of bundles of tubuli, containing an

oleo-albuminous matter, which in the fresh nerve is semi^

fluid, faintly granular, homogeneous, and translucent, but

after the matter is pressed out of the tubuli it separates

into two portions, one of which is a tenacious, fluid sub-

stance, containing the other in the form of oil-like glo^

bules of no determinate size. The wall of the tubuli is

amorphous and transparent, and has attached to it, and

projecting externally, oval, granular, nucleolated nuclei.

The nerves, especially in those emanating from the

supra-oesophageal ganglia, are enveloped in a sheath

formed of large, elongated, polygonal, transparent cells,

containing in the centre an oval nucleus surrounded by

a mass of coarse, granular bodies, which are endowed

with a very active molecular movement.

Chapter x. — on the organs of especiai; sense.

Touch. The soft, mucous integument is very irrita-

ble ; but tactile sensibility is most developed in the ten-

taculae, which are two pairs of tubular prolongations of

the external integument, from the anterior part of the

body or head. The superior pair of tentaculae are
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several times longer and thicker than the inferior pair.

The}^ are conico-cjlindroid in shape, with the free extre-

mity or point dilated, or bulbous, in the outer side of

which the eyes are placed. The inferior pair are short,

conico-cylindroid, and slightly bulbous at the point.

The integument is thick at the base of the tentaculoe,

but gradually becomes thinner as it approaches the free

extremity, where it is delicate and transparent. The

color is the same on the general investment of the body,

except at the free extremity of the tentacul?e, where,

from its transparency, the structure beneath shows

through, and appears whitish. On the superior tenta-

cul^ it is rougher than upon the inferior, from the poly-

gonal folds being deeper. It is but loosely attached to

the parts within, except at the free extremity, where it

becomes firmly united.

The retraction of the tentacula; takes place by means

of the contraction of the retractor muscle, which forms

within the tentaculae a cvlindrical tube, and is inserted

into the integument at their free extremity, so that when

they are retracting the integument becomes inverted,

and the point of the tentacula first disappears from view

and, in protrusion, is last to appear. The latter move-

ment takes place through the relaxation of the retractor

muscle, and the gradual contraction of the circular, mus-

cular fibres forming the basis of the integument, com-

mencing at the base of the tentacular and proceeding

towards the free extremity, by which course of movement

the latter is pushed out.

7
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Within the tube of the retractor muscle of the tenta-

culse, passes to the free extremity of the latter the ten-

tacular nerve. When the tentaculse are retracted, the

nerve becomes tortuous, and spiral, but when fully pro-

truded it is nearly straight, or merely undulated.

Near the free extremity of the superior tentaculss the

nerve undergoes a sudden constriction, and then dilates

into a gangliform enlargement, from the outer side of

which proceeds a small division of the tentacular nerve,

as the optic nerve, to the eye. The gangliform enlarge-

ment is composed, on the exterior, of the nerve-tubuli of

the tentacular nerve, and on the exterior, of a soft, white,

finely granular matter, containing, in the exterior layer,

round, granular, nuclear bodies. Anteriorly, the enlarge-

ment undergoes a c&nstriction, and then dilates into the

large, bulbous mass of the extremity of the tentaculae.

This latter mass is white, soft, and finely granular.

Upon its exterior, the nerve-tubuli of the exterior of the

first gangliform enlargement diverge, and divide into a

number of large branches, which laterally subdivide into

numerous smaller branches, and thus inclose the granu-

lar mass.

The inferior tentaculoe present the same nervous struc-

ture, except that there is no well-marked constriction

between the tentacular nerve and the first gangliform

enlargement, nor between the two enlargements, nor is

there any optic nerve.

The space between the tentacular nerve and the

retractor muscle, is filled with a filamentous tissue, con-
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taining round, granular, nucleolated nuclei, and large,

round or elliptical, transparent cells, with nuclei similar

to those which lie free in the tissue.

The integument of the tentaculae is very freely sup-

plied with nerves from the supra-oesophageal ganglia.

Taste. If existent, it is probably dependent upon

nerves distributed within the buccal body, and derived

from the stomato-gastric ganglia. The structure of the

lingual lamina precludes any idea of its existence there.

Smell. The presence of this sense is undoubted,

though there is much discrepancy of opinion as to its

situation. I have suspected that it probably may be

placed in the blind sac, or depression, which opens just

below the mouth. This sac varies in its degree of devel-

opment in the different genera ; in Limax it is a super-

ficial depression ; in Vaginulus it extends backwards

beneath the buccal body for half an inch, is conical in

shape and yellowish-white in color ; in Bulimus fasciatus

it extends back, in the excavation of the foot, to the tail,

and is folded several times upon itself.

Hearing. The acoustic apparatus consists of a pair

of transparent, vesicular bodies, placed upon the postero-

inferior part of the sub-oesophageal ganglia, one on each

side. They are placed in a depression of the ganglia,

formed by a separation of the nerve-tubuli as they pass

from and into the latter, immediately upon the gan-
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glionic globules. Their interior is filled with a trans-

parent fluid, containing numerous otoconites, which vary

in size, are oval in form, transparent, composed of con-

centric layers of carbonate of lime, and frequently have

a small cavity in their centre. During life, and for a

short time after the death of the animal, the otoconites

are endowed with a peculiar vibratory movement, by

which they are disposed to accumulate into a mass in the

centre of the auditory vesicle. After the cessation of

the movement, they become diffused through the fluid of

the vesicle.

Sight. The eyeball is placed beneath the integu-

ment, on the outer side of the constriction which exists

between the gangliform swellings at the free extremity

of the superior tentacula. The optic nerve is derived

from the inferior part of the first gangliform enlargement,

is tortuous or undulating, and reaches the eyeball at its

posterior part. Its course is frequently indicated by a

deposit of pigmentum nigrum.

The eyeball is globular, and is invested exteriorly by

a transparent tunic, corresponding to the sclerotica and

cornea.

The choroidea forms two-thirds of a sphere, and is

inflected anteriorly into a sort of depressed disk, perfo-

rated in the centre. It consists of a delicate, trans-

lucent membrane, with a deposit of a single layer of

irregularly rounded, or oval, black pigment cells. The

interior of the choroidea contains a clear, consistent vit-
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reous humor ; but the character of the retina I did not

detect at the time. Whether a crystalhne lens exists or

not I am in doubt ; at the time of making the investiga-

tions, in several instances I thought I discerned it very

distinctly ; but in other instances, even when larger spe-

cies were examined, if it existed it escaped mj observa-

tion.



REFERENCES TO THE PLATES.

PLATE I.

LiMAX VARIEGATUS.

Pig. I. The integument laid open, with the viscera in situ. 1. Buc-

cal body; 2. salivary gland ; 3. stomach; 4. intestine; 5. termination

of intestine in the rectum ; 6. blind tube from the termination of the in-

testine ; 7. oviduct ; 8. pulmonary chamber ; 9. heart ; 10. renal organ

;

11. left superior tentacle ; 12, sub-oesophageal ganglia; 13. left stomato-

gastric ganglion; 14. liver; 15. origin of the retractor muscle of the

penis.

Pig. IL The viscera dissected apart. 1. Buccal body; 2. stomach;

3. intestine; 4. termination of do. ; 5. blind tube from do. ; 6. salivary

glands; 6.* salivary duct ; 7. liver; 8. hepatic duct; 9. testicle; 10.

epididymis; 11. prostate gland; 12. penis; 13. retractor of do. ; 14.

ovary; 15. oviduct; 16. genital bladder ; 17. pulmonary chamber ; 18.

aorta; 19. cephalic branch of do. ; 20. visceral branch of do.; 21. sub-

cesophageal ganglia; 22. left superior tentacle.

Pig. III. The generative apparatus. 1. Testicle; 2. epididymis;

3. prostate gland ; 4. penis; 5. reti*actor of do. ; 6. ovary; 7. oviduct;

8. genital bladder ; 9. cloaca.

Pig. IV. The pulmonary chamber laid open and magnified four

diameters. 1 . Floor formed by the muscular peritoneum ; 2. pulmonary

orifice; 3. rectum; 4. anal aperture ; 5. renal organ ; 6. duct of do. ; 7.

pericardium laid open; 8. heart; 9. pulmonary vein ; 10. pulmonary

arteries; 11. aorta.

Pig. V. Testa.

Pig. VI. Dental plate.

PLATE II.

Pigs. I.— IV. Arion hoktensis.

Pig. I. Organs in situ. 1. Buccal body; 2. stomach; 3. intestine;

4. termination of do. ; 5, liver; 6. testicle; 7. ovary; 8. oviduct; 9.

cloaca; 10. pulmonary chamber ; 11. heart; 12. retractors of the penis

and vagina.
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Fig. II. Genitalia, two diameters. 1. Testicle; 2. epididymis;

2.* vas deferens; 3. prostate gland ; 5. penis
;

6. ovary; 7. oviduct; 8

genital bladder; 9. cloaca; 10. retractors of the penis and vagina.

Tig. III. Digestive apparatus. 1. Buccal body; 2. retractors of

do.; 3. oesophagus; 4. stomach; 5. intestine; 6. rectum; 7. anus; 8.

salivary glands ; 9. ducts of do. ; 10. liver ; 11. duct of liver.

Fig. IV. Pulmonary chamber, magnified. 1. Floor of the cavity
;

2. pulmonaiy orifice ; 3. pulmonary arteries ; 4. auricle; 5. ventricle; 6.

pericai-dium ; 7. aorta; 8. renal organ; 9. intestine; 10. anus.

Figs. V.— VI. Limax campestris.

Fig. V. The digestive apparatus. 1. Buccal body; 2. its retrac-

tor; 3. stomach; 4. intestine; 5. terminal portion of do. ; 6. anus; 7.

salivary glands ;
8. liver.

Fig. VI. Generative apparatus. 1. Testicle; 2. epididymis; 2.*

vas deferens; 3. accessory gland of do.; 4. prostate; 5, 6. penis; 8.

oviduct; 9. genital bladder ; 10. cloaca.

Figs. VII.— IX. Limax agrestis.

Fig. VII. Body laid opeuj and viscera dissected apart. 1. Buccal

body; 2. stomach; 3. intestine; 4. blind tube of do.; 5. salivary

glands; 6. liver; 7. testicle; 8. epididymis; 9. prostate; 10. recepta-

cle of the penis ; 11 . trifurcate gland of do. ; 12. sac of penis ; 13. retrac-

tor muscle; 14. ovary; 15. oviduct; 16. genital bladder; 17. pulmon-

aiy chamber.

Fig. VIII. Lower portion of the genitalia. 1. Prostate; 2. recepta-

cle of penis ; 3. trifurcate gland of do. ; 4. sac of penis ;
5. retractor ; 6

.

oviduct; 7. bladder; 8. cloaca.

Fig. IX. Receptacle of the penis laid open. 1. penis; 2. longitu-

dinal folds of the receptacle ; 3. trifurcate gland.

PLATE III.

Tebennophorus carolinensis.

Fig. I. Integument laid open, and the viscera in situ enclosed

within the muscular peritoneum.

Fig. II. Muscular peritoneum laid open; the organs in situ. 1.

Pulmonary chamber laid open; 2. muscular peritoneum; 3. buccal

body; 4. stomach; 5. liver; 6. intestine; 7. testicle; 8. ovary; 9. ovi-

duct; 10. dart sac; 11. heart; 12. renal organ; 13. pulmonary orifice.
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Fig. III. Digestive apparatus and pulmonary chamber. 1. Buc-

cal body; 2. retractors of do.; 3. oesophagus ; 4. stomach; 5. intestine;

6. rectum; 7. salivary glands ; 8. ducts of do.; 9. liver; 10. ducts of

do.; 11. pulmonary chamber ; 12. pulmonary veins ; 13. renal organ;

14. heart.

Fig. IV. Generative apparatus. 1. Testicle; 2. epididymis; 2.*

vas deferens; 3. prostate; 4. penis; 5. retractor of penis ; 6. ovary;

7. oviduct; 8. genital bladder ; 9. dart sac; 10. cloaca; 11. glandular

structure of do.; 12. right superior tentacle.

Fig. V. Penis, dart sac, etc. laid open. 1. Penis; 2. folded lining

of do.; 3. vas deferens; 4. dart sac, containing the dart; 5. neck of

oviduct; 6. duct of bladder ; 7. cloaca.

Fig. VI. The dart, enlarged.

Fig. VII. Glandular layer of the cloaca, enlarged.

Fig. VIII. Globular form of the genital bladder.

Fig. IX. Spermatozoa, highly magnified.

Fig. X. A bunch of imperfect spermatozoa from the testicle, highly

magnified.

Fig. XI. Granules from the testicle, highly magnified.

Fig. XII. Imperfect ova from the ovary, highly magnified.

PLATE IV.

Vaginulus floridanus.

Fig I. Integument laid open; the viscera in situ. 1. Buccal

body; 2. salivary gland; 3. stomach; 4. intestine; 5. rectum; 6. liver;

7. testicle; 8. multifid vesicle ; 9. heart.

Fig. II. Viscera separated. 1. Buccal body; 2. stomach; 3. intes-

tine ; 4. salivary glands ; 5. liver; 6. course of rectum, renal duct, and

pulmonary passage ; 7. testicle; 8. epididymis; 9. receptacle of penis;

10. multifid vesicle ; 11. ovary; 12. oviduct; 13. genital bladder ; 14.

parenchymatous sac of the vagina.

Fig. III. Part of the digestive apparatus. 1. CEsophagus; 2. sto-

mach; 3. intestine; 4. liver; 5. hepatic ducts.

Fig. IV. Genitalia. 1. Testicle; 2. epididymis; 3. vas deferens;

4. prostate; 5. receptacle of penis laid open ; 6. penis; 7. retractor of

penis; 8. base of multifid vesicle ; 9. ovary; 10. oviduct; 11. genital

bladder; 12. parenchymatous sac of vagina laid open.

Fig. V. Visceral cavity, with the greater portion of the viscera

removed. 1. Buccal body
;

2. salivary glands ; 3. oesophagus; 4. rec-

tum; 5. pulmonary passage; 6. pulmonary cells between the integu-

ment and muscular peritoneum; 7. pulmonary artery from the left
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side; 8. heart; 9. reiical organ; 10. renal duct; 11. penis, seen within

its receptacle ; 12. base of the multifid vesicle; 13. parenchymatous sac

of the vagina; 14. vagina; 15. sub-oesophageal, and 16. supra-oesopha-

geal ganglia; 17. olfiictory sinus.

Fig. VI. Dental plate: a. size of nature; b. magnified, with the

retractor muscle attached.

PLATE V.

BULIMUS FASCIATUS.

Fig. I. The viscera dissected apart. 1. Buccal body; 2. lingual

pouch; 3. retractor of buccal body ; 4. stomach; 5. intestine; 6. rec-

tum; 7. anus; 8. salivary glands ; 9. ducts of do. ; 10. liver; 11. posi-

tion of the testicle commingled with the posterior lobe of the liver ;
12.

epididymis ; 12.* vas deferens ; 13. accessory gland of the epididymis
;

14. prostate; 15. penis; 16. retractor of do. ; 1 7 . multifid vesicle ; 18.

ovary; 19. oviduct; 19.* glandular portion of do. ; 20. genital blad-

der ; 21. pulmonary chamber ; 22. pulmonary aperture ; 23. pulmonary

artery; 24. pulmonary vein ; 25. pericardium; 26. auricle; 27. ventri-

cle; 28. aorta; 29. renal organ; 30 renal duct; 31. orificeof do. ; 32.

supra-oesophageal ganglia; 33. stomato-gastric ganglia; 34. sub-

cesophageal ganglia.

Fig. IL Buccal body laid open, enlarged. 1. Upper lip; 2. lower

lip; 3. dental plate ;
4. sides of buccal cavity; 5. tongue; 6. entrance

of oesophagus ; 7. oesophagus; 8. salivary ducts; 9. lower part of

buccal body; 10. retractor muscle.

Fig. III. The muscular tongue, with the tubular prolongation of

the lingual lamina into the lingual pouch.

Fig. IV. Dental plate: a. magnified; b. size of nature.

Fig. V. Excavation of the foot. 1. Buccal body turned forward

;

2. retractor muscle; 3. attrahent fasciculi; 4. lingual pouch; 5. re-

tractors of the foot ; 6. olfactory sinus.

PLATE VI.

Helix albolabris.

Fig. I. The animal, with the pulmonary chamber (1) laid open

and turned back from the visceral mass (2); 3. the mouth; 4. the

cloaca, A'oluntarily protruded.

Fig. IL The viscera, all dissected apart. 1. Buccal body; 2.

8
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retractor of do. ; 3. oesophagus; 4. stomach; 5. intestine; 6. rectum;

7. anus; 8. salivary glands; 9. liver; 10. testicle; 11. epididymis;

11.* vas deferens; 11.** accessory gland of epididymis; 12. pros-

tate; 13. penis; 14. retra(;tor of do. ; 15. ovary; 16. oviduct; 17.

genital bladder; 18. pulmonary chamber; 19. pulmonary vein; 20.

heart; 21. renal organ; 22. its duct ; 23. anus; 24. cephalic branch of

aorta ; 25. supi'a-oesophageal ganglia.

Fig. III. Genitalia. 1. Testicle; 2. epididymis ; 2.* vas deferens
;

2.=** dilated commencement of do. ; 3. accessory gland of epididymis

;

4. prostate; 5. penis; 6. prepuce; 7. retractor muscle; 8. ovary; 9.

oviduct; 10. genital bladder; 11. muscular organ on the duct of do.

;

12. cloaca.

Fig. IV. Penis, etc. laid open. 1. Vas deferens; 2. retractor of

penis ; 3. penis ; 4. a longitudinal papillated fold of the lining mem-

brane; 5. prepuce; 6. bladder laid open; 7. muscular organ at its

base; 8. neck of oviduct ; 9. orifice of do. ; 10. cloaca.

Fig. V. A second appearance of the interior of the organ at the

base of the bladder (1). 2. Longitudinal folds ; 3. neck of oviduct ; 4.

orifice of do.

Fig. VL Portion of oviduct laid open, exhibiting the spermatic

groove, and, within it, the orifice of the prostate gland. 1 . Epididymis
;

2. accessory gland ; 3. spermatic groove ; 4. side of the oviduct.

Fig. VII. Pyramidal epithelia from the prostate gland, highly mag-

nified. 1. Mass of cells; 2. isolated cells.

Fig. VIII. Imperfect ova from the ovaiy.

Fig. IX. Dental plate, much magnified.

Fig. X. Eye, much enlarged.

Fig. XL Portion of renal organ, moderately magnified.

PLATE VIL

Fig. I. H. <jeljlakia; II.— V. H. alternata; IV., VIL H.

perspectiva; VIII. H. palliata.

Fig. I. Viscera of H. cellaria, dissected apart. 1 . Buccal body

;

2. retractor of do.; 3. oesophagus; 4. stomach; 5. intestine; 6. rec-

tum ;
7. anus; 8. salivary gland ; 9. liver; 10. duct of do. ; 11. testicle;

12. epididymis; 12.* vas deferens; 13. prostate; 14. penis; 15.

retractor of penis ; 16. ovary; 17. oviduct; 18. genital bladder; 19.

vagina; 20. pulmonary chamber ; 21. heart; 22. renal organ.

Fig. II. Viscera of H. alternata. 1. Buccal body; 2. oesophagus;

3. stomach; 4. intestine; 5. rectum; 6. salivary gland ; 7. liver; 8.

testicle; 9. epididymis; 10. prostate; 11. penis; 12. retractor of do.

;
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13. ovary; 14. oviduct; 15. genital bladder; 16. pulmonaiy chamber

;

17. heart; 18. renal organ; 19. renal duct; 20. pulmonary aperture.

Fig. Ill- Dental plate, magnified. 1. Muscle; 2. the plate.

Fig. IV. Penis laid open. 1. Penis; 2. thick longitudinal fold;

3. vas deferens ; 4. retractor of penis.

Fig. V. Spermatozoa, highly magnified.

Fig. VI. Digestive apparatus of H, perspectiva. 1. Buccal body;

2. retractor of buccal body ; 3. oesophagus; 4. stomach; 5. intestine;

6. salivary gland; 7. ducts of do.; 8. hepatic ducts.

Fig VII. Genitalia. 1. Testicle; 2. epididymis; 3. accessory

gland of do.; 4. prostate ; 5. penis ; 6. retractor of do.; 7. ovary: 8.

oviduct; 9. genital bladder ; 10. cloaca; 11. right superior tentacle.

Fig. VIII. Dissection of H. palliata. 1. Buccal body ; 2. stomach

;

3. intestine; 4. rectum; 5. anus; 6. salivary gland ; 7. liver; 8. epidi-

dymis; 8.** vas deferens ; 9. accessory gland of do. ; 10. prostate; 11.

penis; 12. retractor of do. ; 13. ovary; 14. oviduct; 15. genital blad-

der ; 16. retractor of buccal body ; 17. pulmonary chamber ; 18. heart
;

19. renal organ; 20. supra-oesophageal ganglia.

PLATE VIII.

Figs. I.— VI. Helix multilineata. .

Fig. I. Digestive apparatus. 1. Buccal body; 2. retractor of do,

;

3. lingual pouch; 4. stomach; 5. intestine; 6. salivary gland; 7.

hepatic duct.

Fig. II. Genitalia. 1. Testicle; 2. epididymis; 2.* vas defei-ens

;

3. accessory gland of epididymis ; 4. prostate; 5. jDenis ; 6. prepuce;

7. retractor of penis ;
8. ovary; 9. oviduct; 10. genital bladder; 11.

vagina; 12. cloaca; 13. right superior tentacle.

Fig. III. Penis (1) laid open to exhibit the papillaiy structure on

its inner surface; 2. prepuce; 3. vas deferens; 4, 5. neck of oviduct

and vagina laid open ; 6. bladder; 7. orifice of bladder.

Fig. IV. Portion of the inner surface of the penis, magnified two

diameters.

Fig. V. Spermatozoa, highly magnified.

Fig. VI. Spermatozoa in coil.

Figs. VII.— X. H. solitaria.

Fig. VII. Digestive apparatus. Same references as Fig. I.

Fig. VIII. Genitalia. 1. Testicle ; 2. epididymis ; 2.* vas deferens

;

3. accessory gland of do. ; 4. prostate; 5. penis; 6. retractor of do.

;

7. ovary; 8. oviduct; 9. bladder; 10. cloaca.
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Fig. IX. Spermatozoa and granules from the epididymis, highly

magnified.

Fig. X. Portion of the renal organ at its commencement, exhibit-

ing the relation of the duct at its outer edge.

Fig. XI. Helix Berlandeeiana.

Fig. XI. Genitalia of Helix Berlanderiana. 1. Testicle; 2. epi-

didymis; 3. accessory gland of do. ; 4. prostate; 5. penis; 6. double

retractor of do. ; 7. sac of the darf? ; 8. ovary; 9. oviduct; 10. blad-

der; 11. cloaca.

PLATE IX.

Pigs. I.— III. H. profunda.

Pig. I. Digestive apparatus. 1. Buccal body; 2. retractor of do.

;

3. oesophagus; 4. stomach; 5. intestine; 6. salivary gland ; 7. ducts;

of do. ; 8. hepatic ducts.

Pig. II. Inferior part of the genitalia. 1. Prostate; 2. vas defe-

rens; 3. penis; 4. retractor of do. ; 5. prepuce; 6. oviduct; 7. bladder;

8. vagina; 9. cloaca; 10. tentacle.

Pig. III. 1. Yas deferens; 2. penis; 3. retractor of do. ; 4. prepuce

laid open; 5. glans penis; 6. genital bladder and duct laid open, ex-

hibiting the interior, longitudinal folds ; 7. neck of oviduct ; 8. vagina;

9. cloaca; 10. tentacle.

Helix puliginosa.

Pig. IV. H. fuliginosa, with all the viscera dissected apart. 1.

Buccal body; 2. retractor of do. ; 3. oesophagus; 4 stomach; 5. intes-

tine; 6. rectum ; 7. anus; 8. salivary gland; 9. ducts of do. ; 10. liver;

11. testicle; 12. epididymis; 13. accessory gland of do. ; 14. prostate;

15. penis; 16. retractor of do. ; 17. ovary; 18. oviduct; 19. bladder;

20. glandular structure surrounding the vagina ; 21 . pulmonary cham-

ber; 22. heart; 23. renal organ; 24. retractor muscle of the foot; 25.

supra-, 26. sub-cesophageal, and 27. stomato-gastric ganglia.

Pigs. V. VI. H. auriculata.

Pig. V. Digestive apparatus. 1. Buccal body; 2. lingual pouch

;

3. retractor of buccal body ; 4. oesophagus; 5. stomach; 6. intestine;

7. salivary gland ; 8. ducts ofdo. ; 9. hepatic ducts.
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Fig. VI. Genitalia. 1. Testicle; 2. epididymis; 2.* vas deferens
j

3. accessory gland of epididymis; 4. prostate; 5. penis; 6. retractor

of do.; 7. ovary; 8. oviduct; 9. genital bladder; 10. vagina; 11.

cloaca.

Figs. VII.— IX. Auditory apparatus op H. pulchella.

Fig. VII. Inferior ganglia of the sub-oesophageal mass, highly

magnified, with the auditory vesicles attached.

Fig. VIII. Side view of one of the auditory vesicles.

Fig. IX. Otoconites, very highly magnified.

PLATE X.

Figs. I.— III. H. exoleta.

Fig. I. Digestive apparatus. 1. Buccal body; 2. lingual pouch;

3. retractor of buccal body; 4. stomach; 5. intestine; 6. salivary gland;

7. ducts of do.; 8. hepatic ducts.

Fig. II. Genitalia. Same references as Fig. VI. PI. IX. ;
2.** glan-

dular commencement of vas deferens.

Fig. hi. Penis laid open. 1 . Longitudinal folds
;

2. vas deferens

;

3. valvular folds ; 4. retractor of penis ; 5. vagina; 6. orifice of do.

Figs. IV. V. H. elevata.

Fig. IV. Viscera dissected apart. 1. Buccal body; 2. oesophagus;

3. stomach; 4. intestine; 5. rectum; 6. anus; 7. salivary gland;

8. liver; 9. testicle; 10. epididymis; 11. accessory gland of do. ; 10.*

vas deferens; 12. prostate; 13. penis; 14. retractor of do.; 15. ovary;

16. oviduct; 17. genital bladder; 18. pulmonary chamber; 19. pul-

monary vein; 20. heart; 21. renal organ; 22. duct of do. ; 23. pulmo-

nary orifice ; 24. supra-. 25. sub-cEsophageal, and 26. stomato-gastric

ganglia.

Fig. V. Penis laid open. 1. Longitudinal folds of interior ; 2. vas

deferens; 3. retractor of penis.

PLATE XI.

Figs. I.— IV. H. Sati.

Fig. I. Digestive apparatus. 1. Buccal body; 2. retractor of do.

;

3. lingual pouch
; 4. oesophagus ; 5. stomach; 6. intestine; 7. salivary

gland; 8. salivary ducts
j 9. hepatic ducts.

8*
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Tig. II. Genitalia. Same references as Fig. VI. PI. IX.

Fig. Ill, Portion of the oviduct laid open. 1. Transverse folds of

the sides ; 2. spermatic groove.

Fig. IV. Dental plate, largely magnified.

Figs. V.— VI. H. hirsuta.

Fig. V. Viscera dissected apart. 1. Buccal body ; 2. oesophagus

;

3. stomach; 4. intestine; 5. rectum; 6. anus; 7. salivary gland; 8.

liver; 9. testicle; 10. epididymis ; 11. accessory gland of do. ;
10.* vas

deferens; 12, prostate; 13. penis; 14. retractor of do. ; 15. ovary; 16.

oviduct; 17. genital bladder ; 18. j^ulmonary chamber; 19. heart; 20

renal organ.

Fig. VI. Accessory gland of the epididymis, highly magnified.

Figs. VII.— IX. H. thyroidus.

Fig. VII. Digestive apparatus. Same references as Fig. I.

Fig. Vin. Genitalia. Same references as Fig. VI. PI. IX.

Fig. IX. Penis laid open. 1 . Longitudinal folds ; 2. valvular fold;

3, vas deferens; 4. retractor of penis ; 5. orifice of vagina.

PLATE XII.

Figs. I.— III. H. intertexta.

Fig. I. Genitalia. 1. Testicle; 2, epididymis; 3, accessory gland

of do.; 2.* vas deferens; 4. prostate; 5. penis; 6. retractor of do,;

7. sac of the dart ; 8. glandular pouches; 9. ovary; 10. oviduct; 11.

genital bladder ; 12. duct of do, to the vagina ; 13. division of the duct,

enclosing the lower part of the genitalia; 14. retractor of the dart sac;

15. portion of the duct of the genital bladder, enclosing the cloaca; 16.

cloaca.

Fig. II. Lower part of the genitalia laid open. 1. Penis; 2. por-

tion of the duct of the genital bladder, which encloses the lower part of

the genitalia, laid open ; 3. vas deferens; 4. neck of the oviduct; 5.

duct of the bladder; 6. the portion of do. to the vagina ; 7. dart sac
;

8. glandular pouches ; 9, dart; 10. orifice of the vagina.

Fig. III. a. the dart, the size of nature; b. do. much magnified.

Figs. IV.— VII. H. ligera.

Fig. IV. Digestive apparatus. 1. Buccal body; 2. retractor of

do.; 3. oesophagus; 4. stomach; 5. intestine; 6. salivary gland; 7.

hepatic duct.



REFERENCES TO THE PLATES. ^3

Fig. V. Genitalia. Same references as Fig. I.

Fig. VI. Animal with the penis and lower portion of the dart sac.

Fig. VII. Dental plate.

Fig. VIII. Genitalia of H. suppressa, magnified seven diameters.

Same references as Fig. I.

Figs. IX.—XL H. concava.

Fig. IX. Digestive apparatus. Same references as Fig. I. PI.

XL
Fig. X. Genitalia. Same references as Fig. VI. PI. IX., except

11, which is probably a dart sac ; 12. cloaca.

Fig. XL Dental plate, much magnified.

PLATE XIII.

Fig. I.— III. SucciNEA.

Fig. I. Viscera dissected apart. 1. Buccal body; 2. stomach; 3.

intestine; 4. rectum; 5. anus; 6. salivary gland ; 7. ducts of do.; 8.

liver; 9. testicle; 10. epididymis ; 11, accessory gland of do. ; 12. pros-

tate; 1-3. penis; 14. ovary; 15. oviduct; 16. genital bladder; 17.

pulmonary chamber; 18. heart ; 19. renal organ.

Fig. II. Genitalia. Same references as Fig. VI. PI. IX.

Fig. III. Dental plate, a. Natural size; b. magnified; 1. mus-

cle; 2. dental plate; 3. accessory plate.

Fig. IV. Nerve centres of Helicina orbiculata, highly magnified.

1. Supra-oesophageal ganglia; 2. stomato-gastric ganglia; 3. sub-

oesophageal ganglia ; 4. auditory vesicles.

Fig. V. Spermatozoa from the epididymis, very highly magnified.

PLATE XIV.

Glandina truncata.

Fig. I. Animal deprived of its shell. 1. Turbinate mass of vis-

cera; 2. anterior third of the buccal body protruded as in eating; 3.

mouth; 4. generative aperture ; 5. superior tentacles ; 6. inferior ten-

tacles ; 7. external tentacles.

Fig. II. Viscera dissected apart. 1. Buccal body; 2. oesophagus
;

2.* exit of do. ; 3. stomach; 4. intestine; 5. rectum; 6. anus; 7. sali-

vary gland; 8. ducts of do.; 9. liver; 10. hepatic duct; 11. testicle;

12. epididymis ; 13. accessory gland of do. ; 12*. vas deferens ;
14. pros-

tate; 15. penis; 16. retractor of do.; 17. ovary; 18. oviduct; 19. genital

bladder; 20. vagina; 21. cloaca; 22. pulmonary chamber; 23. pul-
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monaiy vein ; 24. heart; 25. aorta; 26. renal organ; 27. duct of do.;

28. orifice of do.; 29. retractor muscles of buccal body, tentacles, and

podal disk; 30. supra-cesophageal ganglia; 31. stomato-gastric gan-

glia; 32. superior tentacles retracted ; 33. Distoma sacs.

Fig. III. Inferior view of the protruded portion of buccal body.

1. Mouth; 2. external tentacles.

Fig. IV. Diagram of nervous centres. 1. Sub-cesophageal gan-

glia ; 2. supra-oesophageal ganglia ; 3. stomato-gastric ganglia.

PLATE XV.

Fig. I. Genitalia of Bulimus dealbatus. 1. Testicle; 2. epididy-

mis; 3. accessory gland of do. ; 4. prostate; 5. vas deferens; 6. penis;

7. retractor of do. ; 8. ovary; 9. oviduct; 10. genital bladder ; 11. va-

gina; 12. cloaca.

Fig. II.— IV. Pupa incana.

Fig. II. Viscera dissected apart. 1 . Buccal body ; 2. retractor of

do.; 3. oesophagus; 4, stomach; 5. intestine; 6. rectum; 7. anus;

8. salivary gland ; 9. liver; 10. pulmonary chamber; 11, collar; 12.

pulmonary aperture; 13. pulmonary vein; 14. heart; 15. aorta; 16.

renal organ; 17. duct of do. ; 18. testicle; 19. epididymis; 20. acces-

sory gland of do. ; 21. prostate ; 22. vas deferens ; 23. penis ; 24. retrac-

tor of do. ; 25. dart sac (?) ; 26. ovary ; 27. oviduct ; 28. genital bladder

;

29. an accessory gland joining the duct of the genital bladder by the

duct 30; 31. retractor muscles ; 32. sub-cesophageal ganglia.

Fig. III. Penis laid open. 1. Penis; 2. longitudinal fold; 3. re-

tractor of penis; 4. vas deferens ; 5. orifice of do.

Fig. IV. Dental plate, magnified.

Figs. V. VI. Bulimus decollatus.

Fig. V. Digestive apparatus. 1. Buccal body; 2. lingual pouch;

3. retractor of buccal body; 4. oesophagus; 5. stomach; 6. intestine;

7. salivary gland ; 8. ducts of do. ; 9. hepatic ducts.

Fig. VI. Lower portion of the Genitalia.

Figs. VII. VIII. B. vikgulatus.

Fig. VII. Digestive apparatus. Same references as in digestive

apparatus of Fig. II.

Fig. VIII. Genitalia. Same references as Fig. I.

PLATE XVL

Fig. I. NervoussystemofGlandinatruncata, magnified. 1. Supra-
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oesophageal ganglia; 2. sub-oesophageal ganglia; 3. stomato-gastric

ganglia; 4. nerve to the upper lip; 5. to the integument of the superior

tentaculie; 6. to the lateral lips ; 7. supra-cesophageal, stomato-gastric

ganglionic commissure ; 8. superior tentacular nerve ; 9. an accessory

branch; 10. nerve to the inferior and external tentaculre; 11. gan-

glionic enlargement of do.; 12. inferior tentacular nerve ; 13. external

tentacular nerves; 14. nerves to the buccal body; 15. to oesophagus

and stomach; 16. to salivary ducts and gland; 17. supra-oesophageal,

sub-oesophageal, ganglionic commissures; 18. nerves to podal diskj

19. nerves to collar and pulmonary chamber; 20. to retractor of buc-

cal body; 21. follows course of aorta, and supplies the oviduct, ovary,

testicle, etc. ; 22. supplies integument, collar, pulmonary chamber, and

retractor muscles, at origin ; 23. to penis; 24. to cloaca and integu-

ment in vicinity ; 25. numerous branches to integument on each side,

and podal disk ; 26. to retractor muscles ; 27. to tail and podal disk;

28. large branch to integument on each side.

Fig. II. Supra-oesophageal and stomato-gastric ganglia of Helix

albolabris. 1. Supra-oesophageal ganglia; 2. stomato-gastric ganglia.

3. supra-oesophageal, sub-oesophageal, ganglionic commissures ; 4. su-

pra-oesophageal, stomato-gastric, ganglionic commissures; 5. superior

tentacular nerve; 6. inferior tentacular do. ; 7. to commencement of

olfactory sinus; 8. inferior part of mouth and buccal body; 9. to inte-

gument of lips; 10. integument at side of mouth, and generative aper-

ture on the right side; 11. recurrent branch to superior tentacular

muscle: 12. to retractor of podal disk; 13. to buccal body; 14. to

oesophagus; 15. to salivary glands.
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