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IXTRODUCTION

Littorina irrorata (Say) wae selacted for this study for several

reagsons: First, Littorina is abundent within driving distance of
the ﬁuivaraity of ¥aryland. Sscondly, because the form, with few
oexceoptions, hes besn practically ignored. A survey of tne literature
revoaled the fact that the previous work which had been done on Lit-
torins wae either of an isolated nature or concerned with some spe-
cialized portion of the animal, no attenpts haviné sver been made to
exasmine the animal in itz entirety. In this study sn attempt is wade
to pressnt the morphology and the histology of the alimentary tract
of the gnail - that whieh, in proper seqguence, should heve bsen ths
initial work done on the animal. #n investigation such as this can
serve ag a spring board for subsequent oytological and physiological
research on Littorina. Thirdly, an investigation of this neture has
a practical transfer valus of some importance. If the animal serves
as a vehicle for sundry parasites of wild-life and then, ultimately,
man, it seems quite apparent that a survey of the morphology and the
nersal histological aspects of the alimentary tract of the animal be
available as & preliminary or prsraguisite for pathological lanvesti-
gations.

The extent of the investigations on this form are as foliows
Foodward (1942) reported on the development and the bahavior of the
nurse-cells of Littorina; Reinke (1912) wrote relative the devslop-

ment of the apyrene spermatozom of this form; Rewcombe, Fhillips,



and Gould (1937) reported om the growth indices of Littorina; Green
and Green (1932) reported on the shell growth of the same form.

The Littorinidese are prosobranch gastropods, and they are placed
in the suborder Pectinibranchiata because these forms possess a pec-
tinate gill or ctenidium which is the c¢chief respiratory organ. They
are placed in the division Tmenioglossa by virtue of s tzenloglossid
raduls with a charaoteristic tooth arrangement. The Littorinidese
have a flat foot which is used in creeping and are therefore assigned

to the subdivision Flatyoda.



SECTION 11

HATORIALS AXD METHODE

The snails which were used in this atudy were all collected in
the vicinity of Chesapeake Bay, specifically Solomons end Galesville,
¥aryland. Collsction trips were made during the fall and the spring
of 1946 and 1947. Littorinideas are to be found in comwunity-like
clusters on Amwophilia arsnaria, the beach grass on which the snails
climb. The habitat of the snail is considerably varied, ranging in
axtremes from arsag of besach prass and mud t9 arsas whicn &rs char-
acterized by debris and decaying organic material, representing a
deviation from the normal habitat of [ittorina. ¥No significant histo-
logical differences were sesn in animals collscted from such widely
different arsas.

The snails which were used for sectioning ranged in length from
fifteen to thirty-five millimeters. For micro-dissection, the larger
forms were used primarily because of the greatsr sase in manual ma-
aipulation. For microscopic slide work, size was not a determining
factor relative the sslection of the animal. The snaiis which were
brought into the laboratory were kept in pallon jugs and agquaria.
These containers were covered with wire screening., A mixture of
soa water and bsach grass taken from the immediate vicinity of tne
area of collaoction was put into the containers. In this study it
was considered nelther desirable nor necsssary %o establish a lab-
oratory colony. Initially, several attempts were made to ksep large

numbers of the snaiis on hand nerely for the sake of couvenience of



having the snimals available at all times. Uowsver, the varlatiouns

in tempesrature, the rapid, continual evaporation of the sea water,

the subssgquent high mortality rate - all these, coupied with the dif-
ficulties encountered in dizsection served as [factors which convinced
one that the establishwent of colonies should be dispensed with. Con-
gequently, as mors specimens for dissection and sectioning wers nseded,
it was much more efficacious to return to the collscting areas for
additional forms.

In addition to the preceding undesirable features, another dif-
fieulty was encountsred in the laboratory. The snails were kept in
conbainers into which, initially, a mixture of sand, mud, and sea
water was placed. This procedurs, at the tire, seemed especialiy de~
sirable as every attempt wes being made to simulate, as nearly as
posgibie, the natural habitat of the animal in an attempt to reduce
the high mortality rate so pravalent whnenever the animal 1s brought
and kept in the laboratory.

It was subseguently discovered that sectioning bLecase en impos-
gibility because of sand particles which were ingested by the snails,
To remedy the difficulty, the procedure of collecting snails from
areas othesr than that of beach sand and keeping them in jugs devoid
of either sand or mud was sdopted., This solved, to a groat extent,
the difficulty of always finding amall grains of sand in the ali-
mentary tract. This method circumvented the necessity of using par-
affined wire screen over the botto: of the aquarium as sugrested by
Carriker (lv46). If, upon ssctioning, it wss found that the par-
ticular specimen still had particles of sand in its alimentary tract,
no attespt was made te remove the debris. Instead, only that portion

of the tract was used which was suitabvle for microscopic work, the



remainder beinp disregarded.

Bafore sotual work could be carried out on the snailsg, some method
had to be devised whereby the aniuals could be removed intsct from
their shelle in a condition which was gultsble te either subsaquent
morshological or histological studies,

The removal of the snail from its shell was actualiy one of the
bigrest obstacles encountered in the entire problem. In the bagliuning
every supgestion, critical or casual, was tried. The literature was
carefully reviewed in am attempt to [ind a method which would faciii-~
tate the removal of the snail from its shell. Snails were put in sea
weter in which temperatures ranged from four degrees centipgrade to
eighty degrees centigrade, This procedurs wss repeated, using instead
fregsh water. Yext, acidic and basic media of wvarious concentrations
wers substituted., All types of "relaxers" such as ¥psom saits, for
instance, were tried. Fach oi the methods proved to be of absolutely
no avail. JIn fact, the sntithesis wasg Lrue. Txposing the spmaii to
gsuch varied treastments proved to be detrimental. fThs animals contracbed
even farther into their shells, thus making & normally difficult task
practicsally an impossibility. 4s a last resort, the use of bone clip-
pers was trisd. It is true that the method swems crude, and omne pust
admit that at first quite a number of snalis were mutilatsd bayond use.
Howavser, in a relatively short while, facility was acquirsd; and with
a minimum of difficulty and time, the snimal wasz removed Ly msaus of
the clippsrs without any signs of rutilation. By trial and error,
it waz soon discovered that the best method of denuding the animal
was as follows: Insert the bone clippers laterally into the peristonse.
Upon contaot with the clippsrs, the snall immediately withdraws even

farther into the distal coiled portions of its shell. This serves &s



a temporary advantage in that the entire anterior portion of the shell
is then free to work in. &y application of pressure on both sides of
the peristome, the entire shell can be cracksd open anteriorly and iat-
erally. Thus the entire anterior snd of the animal is expossd. ith
the aid of dissecting probse and foreeps the animal can quite rsadilly
be removes from the coiled portion of its shell. Finally, it is neces-
sary to cut the strong columellar muscle. This muscle serves as the
animal's only direct means of sttachment to the shell. Aanisals denuded
in this feshion, regquiring less time than one minute, were active and
in every way suitable for further study.

Snails which wars used for ssctioning ware sacrificed in one of
two ways: first, by using the method as sugrested by Drew (1336} of
piacing the animal, prior to fixation, in ses watser, to which was added
about one tenth of its volume of sthyl alcohol and turpentine (about
ten cubic centimetsrs of turpeantine to sach one hundred cubic centi-~
meters of aloohol) and leaving for several hours; secondly, by immers-
ing the animal dirsctly intoc the fixative at room temperaturs. Upon
subsequent microscopic examination, very little, if any, autolysis of
the cells of the alimentary tract was noticed when using either of
the two methods. The latter, being the simpler of the two and equally
a8 effactive, was, of course, then used throughout the study. 4is a
check, a few of the denudsd snimels wers placed in ice-filled con-
tainers and kept there until the temperature ranged from five to two
degrees centigrade. These snimals were then put into the fixative
whicn had been brouzht down to the sams temperature. The compara-
tive results, upon microscopic examination, verifisd the presvious con-

tontion that little or no autolysis of cslls occurred when the unimsls



were piaced into the fizative which wss kept at room tamporabture. Hav-
ing found ths latisr mathod of po especisl suvantage, despits these
“temperature pracsutions (o prevent auvolysis, once apain the sirpiest
of the three mothods was usad.

For purposes of genarval fixuetion, Helly's nixturs, /enker's
subl inute-biohronates sixture, and souin's ploero-fornol mixturs were
all tried. Helly's fiuld was found to be the nost setisfactory in
that the pranviar ¢ylopiasazic contenls ware nore readily obszsrves when
fixed in this solution,

¥or puryoses of dehydration, Hslliy's sodified procedure of using
the incremsing concentrations of 2thyl alcohol along wibtn s ten paore
cont alcoholice soluvion of iodine to ssventy peorcant of gthyl slco-
hol, just soou;n Lo cawss the latisr (o Lurn ths color of gor: wina,
wag enployed eoxclusively throuzihosut the investiration. The slconosiie
selution of iodine served Lo romove ecurpletely wll traess of the mar=
curic sait whioh might etiil Lse pressant from ths fizative.

Clearing was carried oul in cedsyr oll. Iofiltration and embed-

For mlicroscopic ozewinetions diverse typew of sectiosns and meth-
ode weres used, First of sll, leongitudinal and crogs ssrisl sections
wore mads of the satire deaudsd animai. ‘econdly, the compicte ali-
wmontary tract was dissscted from the animasl and crose ssrisl ssctions
wara made. Thirdly, for purpesss of compsrizon, whenaver sny doubte
provailed, individusl portions of ths slimeutary tract were izoleted
and run up separately. Thess were serially sectioned, ceross or longie
tudipaliy, as ths sicuation dem-nded.

For renorei roulineg staining, Harris' homatoxylin with sn sosin

sounter stein was usad. 4 preginately every aucdredih ssction of tlssue



was stained with iren hesstoxylin. Using this method, one coulid easily
verify the nuclear patierns as seen wiih the forser stain techmique.

A8 this work wse a histolo.lesi study, no other speclaiized etains of

a cytolo,ical nature wesre cousidersd ag rveing necessary. Tissue used
in this phase of ths work wsg cut at thicine:uses ranging frux five to
three microns,

In the worphclopical phase of the work it was soon recuznized
that ip order for micro-~dizzection to bs carrised out effectively, two
conditiong had to be mst: (irst, the anismal mugt be 0 conditioned
that ths thresihold of itz response e raised abiove the isvel of stimu-
iation induced by ordinary dissecting wethode; and secondiy, it was
egsgenitial to have a surface on whicn to fix tns specimsn, one which
would permit 11 .ht to bz dirseted on the animal fron ell direscticns
sirultanesusly, and one which would alsc hold the water w.leh i ap-
plied alzcgt continunllily during digssction.

To fulfiil the firat condition, spails wers placed in various
councentrations of napunesium sulphate and cnioral hydrate in sse sater.
Rarcoticz suoh as etnur, diluted comcentrations of aieohoi, and chloro=-
form were found to be ainost ontirely useiess. It was i1ound that a
mizture of four psrcent echloral hydratse mixturs served a dusl pur-
pose: first it brought about a graemtoer derres of rslexation; sec-
ondly, it resulted in one having a much quieter animai with which to
work uadsr tha binoocular microscors. Diszeciions were mads in sea
watsr wnicn was brought frev the imcediate vicinity in which the snail
was collwscted., To fulfiil the second condition and to famciiiinte dis-
soction, mediun~sized postri dishes wore partily filled with wax, and

the animals were placed in these dishes during dissaction. This sorvad



as an aanirable base of opsration. One small insect pin was forcsd
through the anterior propodium of ths animal down into the wax base
of the petri dish and a&nother through the posterior extremitvy of the
animal. 'Thus the sanimal was guite eagily kept in a fixed position.
Fraquent applicatione of ssa water and chloral hydrate acted as a
local anesthesis and simultaneously kept the delicate tissues of the
snail from drying out due to tne intensity of the light which had

to bs wept ic closs proximity of the snimal iu order %o carry on with
dissections.

Inssot pins were inserted into small ovaie-ghaped corks. ‘these,
aiong with thin glass rods which were bent and dreawn out as nseded,
served as dissscting instruments. To further facilitals disscction,
ag the livicg tissue is most translucent and therelore indistinct when
viewsd under the binosular mieroscope, solutiosus of carmine, India imk,
methylene blue wers injected ianto the alimentary tract of the soail.
This wag sccompiishad by mesns of plass rods which were drawn out to
a diameter which was ssaller than the oral aperturs. The other ends
wore covered with smail rubber plpette bulvs. This procsdure wes, of
course, used only during the morphological phase of the work. Animails
50 treated wera used periodiemily in the work of serial sections. The
animale woere out at twenty microns and mounted unstained. The subse-
quent contrast brough. out in vivid rslisf that portiom of the alimentary

tract whieh one wanted to follow.



SECTION 1T
FRETRAL BATE#AL ANATOKY

the denuded snail is spirslled in & sinistrally elongated fashion.
Anteriorly, one finds the pals, truncsted propodium or the anterior
projsction of the foot (~lates I and II). The dorsal surface of the
propodium has two lateral ridges which extend frow the ventiral base
of the tentaclises to the dorsal mid-iine concavity of the propodium.
This dspression is referrad to as the propodial concavity (iliate I1].
The foot, situated ventrally to the propeodium, is composed of a large
mags of muscular tiesus bein; covered by a general body epithelius,
Thuis musecle 18 continuous postoriorly with the columellar wmuscle. By
meang of tha latter the sanimel iz firmly adharent to its shell.

Xormally the head is oniy slightly protruded. Tt is coatiguous
laterally with two short, muscular, circulsrly striated tentacles.
& Jet black gye is situsted on a luteral projection of sach tenteacls,
The aye is located approximately one third of the tentacular length
from the distal tip of each tentacle.

In males a short translucsnt penis, almost comparables in length
to & tentacle, projects {rom the lateral cephalic wail, posterior
and ventral to the right tentacle. the penis is not visivlie from a
dorsal view, being hidden by the dorsal mentle wall of the snaii,

The mantle (Plates I and I11) which completely encircies the
anterior helit of the animsl is composed of a sheath of epithslium,
It covers the sntire cephslic hemocoele of ths snail., %thes mantle ex-

tende postsrioriy to the visceral region. It is relatively thin, as



il

ovidenced by the fact that gcszu b»niuawﬂ cgg it are partly
visible under the v»!&ﬁi-. incé he ‘mantle s g e
teriorly iﬁﬁ | »dw.-&»‘ipu owamw gﬁﬂ ﬁnn rim of avt %a is
| ;wnuruwﬁ recurved to nww .&nra& ﬁi guf of the urtww
The gonadal tissue »a .qwu»vwc gﬂwww It is a sircunsoribed
,..l!- of tissue which 1is :ﬁi oa the .l.i;unanufp uﬁu.gs left
of the mid-region of the animal, |



SECTION IV

VORFEOLOZY OF TH: ALITVENTARY TRaCT

The alimentary tract is divieivle morphologieally into the fol~
lowing revions: the buccal mass with its anterior opening, the mouth,

the esophagus, the stomach, the intestine, and the rectur.

THd BUCCAL HABE

The buccal mass with all its assocciated structures is situuted
in the anterior part of the gephalic hemocoels. The cephalic hewmo-
coeloa lies bensath the floor of the mantle cavity wad resis on the
muscular mass of the foot (ilate 111}, The cephalic hemocosls is dis-
tinetiy separated from the posterior visceral mass by & wall of con-
nective tissue. The hemocosle has been glven diverse names such =ss
cephalus, anterior sinus, stc, Launkester (1841), however, hes shown
that this structure, in whieh the btuccal mass with ite relanted struc-
tures are located, is & true hemocvels. The buccel mass is firmly
suspended in this cavity by meny short buccsl muscles which extend
outwardly in lataral, dorsal, and ventral directions. 'Thus the buccal
mage itse.if is a rolstively imrovabie structurs.

The mouth resembles a small circular parforation in the anterior
tip of thne buccsl mass. This aperturs ig bounded by the peristomal rim.
The tongue-like projections of the cdontophore ars periocdicsliy seen
protruding from it (flate 1i). The oral apsrture remsins closed ex-
cept during feedin; periods. The mouth is rather diffiocult to locate

because of the meny pseudo orsl epenings formed by the numercus
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invaginations and evarinstions of the peristomsl tissus which surround
ite This iz especislly true whenever itas animal is in e contracted
stage. Tostsrisriy, She pharynx opens into the esophagpus,

The buccal cavity of the phsrynx enolose: the complex f[eeding
mechanisr, %o#t prominest are the two odontophoree {Flates 17, ¥,
¥1, ¥I1I, ¥IIT, and £I7;. ‘These structures ars triangulariy shaped,
dorso~-ventrally ecomprsssed cartllegincus bodlses., Their axes run in
an anterisr-sosterior dirsction, peraliisi with the wain azig of the
animal., The oiontophorse, on thsir anterior-dorsal surisce, @2rve as
2 con®inant gupgort for the rasulsr sivrusturs.

The radular structure ils found in o medlan losgltudinel suleous
situnted bedwesn the odoptophores on both their ssterior and ventral
gurfaces (Fietas VI and V1), The radular spparatus (Ilates v, VI,
¥II, and ZI!) in copjunction with the odontophore, acts as the effec~
tive feeding mechanism. The redula slides continually and indepan~-
dently over tas odontopherse, providin, in this feshion mn sffsctive
cutting or resping rechanlism. Togather, durisng feediny, thess two
structures aro considerably everted. Thwy raduls is a lo.;z, narrow, and
ehitinous riboonelice structure. [t carries longitudinmi rows of taeth,
the arrangoment ol whicu is of taxomomic value, This structure has
basn e2lled divasrse naves such s the basal sembrense, the lingual plate,
and Lhe now accepted terminology, the radular ribbon (Sollaz, 1807;
Fruvot=ioi, 192463 and Peilis, 18937).

The radular mombrace insgerts on the dorsal surface of the odonte-
phoral cartiiages. The radular membrane whioch lies in the doresal lone
gitudinal suicus of the odontophores has iateral, strong, chliinous

axteznsliong which rise out of the suicus snd cover the adontepnores
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(Flates VI and VII). The radular ribobon extands antsriorly and dore-
sally from its iusertion to the tip of ths caritilages. It curves under
the odontophors travaling postariorly along the median sulcus of the
ventral surface. Ths radula continuse ventrelly and postsriorly through
a2 largs nass of muscles, ventral to the esophagus, Lo the richt of the
mid=line of the cephalie honscosle. Tt is =& much convoluted structure
which 2nds in a small, distal, ivory~colored bulb fror which the teeth

originate {¥late V).
BSOPHAGUS

Posteriorly ths pharynx opsns into a relatively small eircular
tube, the ssoghs,us. Upon gross inspection the ssophepus is conszider-
ably less muscular then ths2 buccal mass. Throughout its entirs lengtn
the esophapgus is & coumpsrativsly flaoccid structure. The walls of the
esophagus are both thin and translucent. The waile ure so thiu thet
particles of undigested food are readily visible tnrough the dissect-
ing score. In form the esophapus is a uniformly, cylindrical tube
with ite ovarsll dlemeter remsining quite conetant throughout its en-
tirs length (Flates IV, V, and XII).

The esophagus, from its opening in the posterior region of the
pharynx, extends from this point throughout all of the cephalic hemo-
cosle, The esophagus rune posteriorly through the central portion of
the cephalic hemocogle. Its courre 18 reslatively straight uantil it
is about ready to lesave the henocosle to enter the visceral rasgs,.

Bafore one can vontinue with s discussion of the esophagus or
any other portion of the snatomy of the alimentary tract, which is
locatsd in the visceral region of the animal, an expianstion of how

the terms "left" and “"right," Yvantral® and "dorsal™ are roing to be
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used in the sucoceeding pages is desirable. It will be necessary to re-
far to *late 11, In the adult condition, that portien of the animal
posterior to the cephalic hemocoele has undergons considerable sinistral
rotabtion, £0 much so0 thet that portion of the animsl which was emoryo-
logically dorsal in position is now actually ventral in poszition and
vice veresn, Similarly, that side of the animal which was embryologically
the left half 4is, in thes adult condition, the risht helifs. The procgdurs
has besn sdopted of dAesirnating areasg of the viscoral mesgs ag bthey ap-
pearsd in the embryonlc condition. Thus the ssophsgeal opening, for
instance, in ¥Flate KII, thoupgh it misht ssem to be located in the right
dorsal gortion of the anizal, is, in setuality, locatsd In ths ventral
left portion of the enimal. ill of the deseripiive regions: %erminolozy
of visceral contents will, in thie paper, bes ,iven in terms of embryo=
logical positions,

The esophagus, at the Jjuncture of the cepbalic hemocoels and the
visceral mass whare sinietral torsion has occurrsed, bands sharply to
the right, dips ventralliy, plerces the connective tissue bouniary of
the two mreasz, snd enters the visceral mass at the left anterior-~iateral
pargin. Initielly, the esophagus follows its vsantral course; soon,
however, it abruptly bends on itself, traverses the substance of the
visceral éaas and assumes & very supsrilcisel doresal position., It zain-
taine this level, travele posteriorly, and directly opens inte the isflt
latsral anterior boundary of the stomach (Plates V and X1I).

Disvection of the esopharus directly posterior to the pharynx and
throughout most of the cephalic hemocosle is made espsclaliily difficult
by the prosence of a large dorsal mucous gplend. This . land is con-

tiguous with the esophagus; in fact, the ssophagus traverses the ventral
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substance of the gland {Flates V and Xi). Upon the slightest pressure
or puncture, the extremely delicate walls of the dorsal gland rupture,
and copious amounts of mucous-iike materisl are emitted. 1In the region
of the stomach, dissection is hampered by the fact that the texturs

and the consistsncy of the alimentary tract is practically identical
with that of tha surrounding material. In arsas such as thess, the

in jections, as described previously, were almost invaluable.

Paired salivary plands are present in the celialic hemoccoele
(Fiates IV, V, and XIi). TIhey are located on either side of the dor-
sal snterior part of the esophagus. Thsse salivary glands are roughly
oval or bean-shaped, slightly convoluted and ivory in color. They are
discrets structures bounded by their ocwn connective tissue capsule.
Uccasionally, the glends wrap themseives around the esophagus, being
then closely edherent to the esophegeal tract. The salivary rlands
open anteriorly into two minutely small ducts. These ducts proceed
dorsally and anteriorly in a very torturous fashion to enter eventually

into the lateral anterior portion of the buccal mass,.

THZ S 707 ACH

The stomach is & large irregularly shaped eavity situated in the
dorsal anterior half of the viscer=l mmss of the animal (Flates X,
XI, and XII). The esophagus terminates, in a funnsl-shaped fasnion,
alony the lsft anterior dorsal boundary of the stomach. The intestine
berins diametrically opposite the entrance of the esophagus by means
of a longitudinel groove from the right anterior margin of the stomach
at a level somewhat lower than that of the escphagus. These two open-

ings, with the intervsning connective tissue, serve as the anterior
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boundary of the stomach.

Anteriorly and dorsally the stomach is in contact with ths liver;
dorsally and laterally the stemach is in coutect with gonadal tissue.
The larpge columellar muscls, by means of which the animal is strongly
adharant to the shell, is located on the mid~ventral surface of the
stomach,

The roof of the stouscn is corrugated in appearance because of
numerous low parallel ridgss, From the [loor of the stomach several
folds project into the gastric omvity. ost conspicuous is the large
gastric fold situvated midway bstwssn the esophageal and the intesiinal
openings on the floor of the stomach., It extends along the entire
length of the rastric floor {Plate X). The width of the zastric fold
iz ;reatest on the top; thus its upper edges overhang slightly. The
shape of the fold in crosz section can roughly be descrived as being
T-shaped., The gestric fold is wliest posterioriy, et which region it
flares out laterslly, gradually lowerin: and blending into the posterior
and the posterior-iateral boundaries of the sestric cavity. In the
mideragion of the stomrach the pastric fold is much thinner and more
obviously a dividing structure. ZAnteriorly, it again flarss out lat-
erally to blend into the antsrior boundary of the sgtomasch bstwecen the
esophapesl and the iuntestinal openings. This fold serves to divide
the stomach incompietely into two sseparate longitudinal puiters. It
s3rves as & physloloricel, not nscessarily en anatomical, divieion of
the stomach., In this way the gastric contents are kept at least par-
tially and temporarily separsted. Thus the process of digestion is
feciiltated in that it appears that tne function of this gastric fold
iz to direct the flow of contents of the stomach and simultencously

prevent undue conta:ianstion of food.
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Laterally and dorsally, the gastric walls are thrown up into many
perallel ridges. The walls, too, thaersfore present a delinite cor-
rugated appearance.

On the right enmterior marpin of the stomach, directly lateral to
the opening of the intestinal groove, the epithelial lining of the
storach i nodified into & unigue cuticuler lining (Pletes 11, X1I,
and XVIII). It is called the gastirie shield. ‘Ihe shisld is n slightly
flexibls, irridescent, somewnat irregular structurs. The shield is
broadest anteriorly, tepering off gradually at ths posterior end. The
lower edge of the .astric shield fits into the margin of one of the
many lateral gastric folde. The letter serves as an anchorags for
the gastric shield. At the anterior end of the gastric shield, the
structure is bent fonwardly on its dorsal surfece toward the mid-line
of the stomach, forming in this fashion an incomplete tube. The pes-
tric shield ig actualiy the entrance into the funnele-shaped intestinal
groove, an opaning which has a diameter somewhat smeller than that of
the iotestinal groove., The gastric contents, as they are propelied
along the right side of the gastirioc chawber into the intestinal yroove,
underzo compression into fecal pellets by virtue of this shield. This
process of compression of {ecal material is eontinued alonp the intes-

tinal route to'the extarior.
THE IHTESTINR

The intestine begins from the right anterior margin of the stom-
ach (Plates X, XI, XII, and Xi). It rune forward anteriorly from the
stomach us a funnel-shaped intestinel groove &l the eame ventral level

ag the ssophapus. The diameter of the intestinal groove gradually
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narrows posteriorly until no distinction can be maede between it and
the intestins propsr.

The course of the intestine is an anterior and gradually dorsal
one which turns sharply to the ripght untii the mid-liine of the aninmal
is reacned. The intestine, at this point, is directly under the mantle
cavity. It is separated from the cavity only by a layer of thin con-
nective tissue. ‘the convolutions of the intestine are readily visible
beneath this very thin connective tissuse laysr. The intestiane bends
sharply and most acutely back on itself, traveling to the extrems left
side of the animal. This convolution occurs at the ssme level which
is dorsal to ths preceding portion of the tract. Onee agzin the intes-
tinal tract takes a sharp turn; this tims, however, the course of the
tract is completely reversed -~ the tract now proceeding toward the
right in the general direction of the mid-line and pierciupg the floor
of the mantle cavity (Plate IX)., This point of smergence of the in-
testingl tract from the visceral mass into ths mantle cavity proper,
plus a constantly recurring constriction in this region, sserves asg a

morphological landmark for the berinning of the rectum.
TR RECTUY

Worphologieally, the rectum is the terminal portion of ths ali-
mentary tract. One designates, as the rectum, that portion of the
tract which lies along the posterior right margin of the mantie cavity
and which is separated from the intestine proper by msans of the con=-
stantly occurring constriction of which mention was mads previously
(Plates III and IX).

Histologically, as will be shown later, there is no diffserencs

betwsen the intestine proper and what is herein desirnatad as the



rectum. In length, ths rectum is the shortest portion ef the entirs
tract. In diameter, with the exception of the atomach, it is the
largest.

The ocourse of the rectum is a sixple ocne, easily discernible,
even without outiing the mantle covering. The reotum hugs the pos~

terior boundary of the mantle cavity, curving slightly enteriorly to

open eventually into the mantle cavity at the extreme right side., The

end of the reotum terminates gredually into a mmell eircular opening
surrounded by & sphinoter muscle. Grossly, ths rectum 1s a large and
flacoid structure with alternate areas of the tract being swollen and
then nermally contracted. The former is due entirely to the presence

of the numerous fecel pellets located in this regicn.
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SECTION ¥

BEISTOLOCY 2F THY ALINEHTARY TRACT

THE BLROUUAGUER

The esopnayus is a thin-walled structure. Jte walls are thrown
up into internal folds of aspithslium whieh line the lumen. This laysr
is supported externally by an outer, poorly devsloped circular layer
of muscular fiters. The eall which is found in the epithelial lining
i8 of the eciiisted columnar variety. This type ceil, in turn, is
present in the ssophayus in two distinet forme: first, the modified,
highly distended glandular cell; secondly, the normal ciliated esll.

The pglandular cells (Plate XVI) are actually modified colummar
cells of the goblet variety., These have become immwensely distended
with mucus. These secrsting cells are definitely larzer than their
precursors, the ciliated columnar cells., Heldermenns (1324) claims
that tihese cells have cycles of botih secration and ciliation. hile
in the secratory stags, such celle lose their eilia. In the post~-
sscratory stage a ropsusration of the ellia occurs. One can say in
support of Heildermanns' contention that in this investigation all cslles
which were observed in the pre~ and post-secretory stages were cilisted,
while those cells which wore exaumlned in the secretory sta e were en-
tirely devoid of any vestipe of ciliation (Platss XV and XV¥I), These
nucous cells are present throughout the entire esophageal tract, be-~
ing present in various degrees of development. The cytoplasm of these
cells asswnsg various transitionsl forms ranging from sm alveolar type

to a relatively clsar reticuliar type. That portion of the csll nearest
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the basement membrana containe fine pronucin granulez. Tulte typically
the secreting cells of ths ssophagus are to be found arranjed in clusters
or grouped om little isiands ([late V)., It is thaess ocells which give
the characteristic yellow color to the ssopnagus.

The other cellular constituent of the spithelial lining of the
egophagus is the ciliated columnar celi. These cells are present in
verying sizes and forms. They are, however, predominantly tall, thin,
and irregzular in contour. The ciliated cell is darkly stained. The
bases of these cells rsst on & delicate, often almozt indistisguish-
able, basement membrane., The free ends of the cells are covered with
an ebundent amount of oilia. The nuclei ars smalli, oval in shaps,
highly chromatic, and are stratified into various levels. The normal
position of tha nuclsei is e basal one; frequantly, they ars medially
located. ‘the result of such a staggering of the nuclei ig the ap-
pearance of peeudo stretification. Those ciliated oells are not recg~
tangularly colummnar es one would expeect. They are, instsad, quites
digproportionately tall end thin and most irregular. Ail this is due
to the lateral compression whieh they ars subjscted to by ths numerous
distended mucous cells, the various contortions assumed by the esophageal
tract, and the inward projectione of the apithelial lining. The cyto-
plasm in all of theee cells iz normally finely but denssly ;ranulsr.

The susgcular struclure of the esophagus consists of definitely
circularly arranged laysrs of muscle fibers. These fibers are gener-
ally disposed in a parallel fashion, occasionally irrepularly inter-
woven. The numerous nuclsel are arranged, more or lsss, with their
axes alony the main direction of the muscle fibers, The muscular
layer 18, in turn, coversd by a conneotive tissue shsath which sur-

rounds mnot only this region, but all of the alimentary tract. In
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oross section (Plate {i) the lumen of the esophagus ls divided by
virtue of epithelial folds which project inwardly. These invagina-

tions are comparable to the so-cmliled villi of the higher forms.
THE S TRMACH

The stommch, in cross section (Plate %I&), appears to be a sreatly
enlarged esophagus. Bpithelial folds are present but most irreyular
in both size and arrangement. The inner walls of the stomach are
lined with ciliated epithelium wiich is guite similar to that which
is found in the esophague; in fact, similar to that whioch will be found
to be pregsnt in the remainder of the various divisions of the alimen-
tary tract (Plate XVII), The cells are all of the tall columnar va-
riety, and in all instances except one, they are densely cilinted,
Fine grasnules are distributed in the ground substance of the cells,
being denser toward the distal end of the celi. The peri-nuclear re-
gions of the csll appear to be relatively vacuolated. These cells
rast on a delicate, though constantly preceptibls, basemsnt membrasne.
The rounded nuclei of the cells are basally situated, one third of
the distance from the basement membrane. OJccasionally, the nuclei
are staygered in position, thus pressnting sgain, to the casual obe
server, the appesrance of pseudo gtratification.

The nuclei of the columnar cells ure sharply marked off from
the eytoplasm by a distinet nuclear membrane. They arse usually poor
in chromatin, but prominent nucleoll aro resdily observed throughout
ali or most of the nuclei.

Gland cells, for all intent and purpose, are not present in
tales srea of the alimentary tract,

The musculsr layer of the stomach is very poorly developed,
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There is instsad a vagus, loosely srranged type of alveclar connective
tigsus. In the right eaterior portion of the stomaeh, im the reglon

of the intestinei openiny, tho epithelium develops a cuticulsr lining
known a8 the gastric shield (flatess XY, AII, and XVIII). The epithelial
cells which support thes gastric shield are invariably much taller and
narrower then the adjscent colusmar o¢slls of the epithslial lining.
Obviously, mo cilia are pressat beneath this shield. Thls area, elong
with the modifisd sleadular poriions of tne esophagesl tract, is the
only part of ths sntire sllmsatary tract which ls lackisn; in ciliated
c¢ells. The cells in the region of the gaetric snield tuke & wmach
lighter stain than the naighboring cells of the

rastrie epltnelium,

THE INTERTINE

In eoross saction, the intestine presents & wvery constant and
typical picture {(Plates £XI and IXII), The epithelial tract is highly
convoluted and thrown into numercus folds. Typical intestinal villi
are present as the result of the numercus inveginations of the epi-~
thelial lining. Fecal pellets can be seen both macroscopically and
microscopically throughout the entire portion of the intestinal tract.
The typical cell precvent in the intestinal iract isg apein the tall,
ciliated, columnar cell. In this instance, the ciliation is consider-
ably longer than in any other portion of the alixentery tract sxclusive
of the rectum,.

Bacause of the numercus intestinal villi which are present, the
¢olls have undergons & great amount of compression. This resuits in
the nuclei appearing to be loocated at various levels. Tiis a:zain re-

sults in & true picturs of pseudo stratified columner epithelium.
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The nuclei are general.)y basal in position and when found basally
situated, they are ovoid in shape. When the nuclei are situeted in
the distal third of the cells, in the vicinity of the f{rse ende, where
there is an increaeed amouant of compression, the nuclel ars elongated
in the dirsction of the malin axes of the cells. The ground substance
of the cells is finely srenulsar and distinet nucleolli are visible
throughout.

The eytoplasm in the proximal portions of the cells usually has
a f{ionsly granular texture, Howsver, in the remainder of the cell,
specifically, the distal or the free portion, wvarylanp quantities and
sizes of secrstion granules ars much in evidence. The degres and the
distribution of the secsrstory granules apparently corrasponds to the
phase which the c¢slle are in at ths time of observation, In the final
phase of secrstion, the satire distal end of the cell may be cast off
{(Flate IXII). The intestins has for its principal support a very thin

layer of eircular muscalar tissue,
THE BRECTU¥

Histologically, ons can find no unigque differentiating features
for this tsrminel portion of the alimentary tract (Flate AiiIi)., This
region is in every instance, histologically comparable to the before-
described intestinal tract. (ne uses the term "reciun" becauso it
designates, ms a morphological entity, that portion of the alimentary
tract which lies in the mactle cavity., Histologically, there is no
necoasaity for a division of tine intestine groper from the terminal

portion of the tract.



SECTION VI
DIECUSBION

Studiee of a nature similar {0 the one undertaken in this manu-
script are difficuit %o find, the reeson beliny that the ains were al-
ways different. Two works are worth mentioning. Carriker and Bilstad
(1948) reported on the histoloyy of the alimentary tract of Lymnaea

stagnalis appressa (Say). The anatomical bases of thet snail hed been

worked out prior to their report. The morphology of the alimentary
tract of L. s. sppressa Say) is entirely different from that reported
here on Littorina ~ different in that such divisions es the orop,
giszsard, pylorus pre-esophagus and postesophayus are not apparent in
Littorima. Carriker and Bilstad, in their exhaustive bhistological
iovestigations, were concerned primerily with the type e¢slls present
rather than a histological oomparison of the wvaricus divisions of
the alimeniary tract. They reacn a similar conclusion; that is,
with the axception of the crop (which is not present in Littorina)
the alimentary tract is completely oiliated. Carriker and Bilstad
havse found many more types of cells than those reported prevalent in
Littorina. Thelr work was of especial interest in that many suggested
procedures such as laboraztory colenies, extraction aids, and technique
hints were mentioned. ¥ost sugzestions were tried but discarded, as
mentioned in iateriasls snd Methods, because simpler techniques wers
developed.

¥ost eimilar to the work undartaken in this manuscript is that

of Magruder (1935) on the Anatomy of the Fresh Water Prosobranchiate
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Gastropod, Flsurocsra eanaliculgtum undulatur (Say). In zensral,

the morphological and the histologicel findinge of the Gastropod
agreed with that found in jLittorina. Outstanding differernces are:
first, the salivary glands as described by ¥apruder were long fila-
mentous structurss while those of lLittorina were circumscribed ovoid
bodies; secondly, the discovery of a orystalline styls and associated

structures as reported by Magruder were not to be found in Littorina.



SECTION VII

SUMKARY

Animals were removed from shells by means of bone clippers and
dissecting probes. Helly's mixture and modified procedure were used
for fixation and dehydration. Clearing was carried out in cedar oilj
infiltration and embedding, in paraffin.

yvorphologically, the alimentary tract of Littorina irrorata (3ay)

is divisible into the following regions: the mouth (which opens into
the anterior tip of the buccal masgs), the buccal mass and assoclated
structures, the esophagus (which opens into the left anterior region
of the astomach), the stomach, the intestine (which beogins at the right
anterior margin of the stomach and proceeds anteriorly), the intestine,
and the rectum.

Histologically, the entire epithelial lining of the alimentary
system is composed of ciliated colummar cells. In many instances,
the epithelial lining, because of a stratification of the nuclei,
brought about by the villi and oonvolutions, appears to be of the
stratified colusmar variety. 8uch is not the oase as all celle rest
on a delicate basement membrane.

Highly distended clusters of glandular cells of the goblet
variety are found in the tract. These ars especially prominent in
the esophagus, Cytoplasm in most of the columnar colls is normally
finely but densely granulsr. Nuclel are found to be usually baselly
situated and nucleoli are visible. Huclei in the basal portions of

the cells are ovoid; those in the {ree ends of the cells are often
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compressed in the direction of the long axis of the cell.
The musculature of the alimentary system is composed of circu-
larly arranged fibers present in all regions with the exception of

the stomech in which region oane finds a loosely arranged type of

alveolar connective tissus.



SECTION VIII

PLATES AND DRSORIFTIONS



PLATE I

BXPLANATION OF PLATE

Camers lucida x 7

Dorsal view of denuded

snail in normal position

Koy to plate:

1.
2.
s.
4.
5.
8.

Propodium
Peristomal rim
Tentacles
¥antle margin
¥antle

Gonad






PLAT? 2
EBXPLARATION OF YLATE

Camera lucida x 7

Doraal view showing the dorsal-
anterior surfacs of the ex-
tended propodium. The mantle
has been forced posteriorly
completely axpcsing the ten-

tacles.,

key to plate;
7. Anterior surface of propodium
8. Propodial concavity
9., Odontephores projecting from
oral aperturs
10. Peristoral rim
ll. Propodial ridge

12. Tentacles



PLATE 2




PLATE &

EXPLANATIOR OF FLATE

Camera lucida x 14

Dorsal view, 3Superficial dissection.

¥antle has been cut sagitally.

The cut edges spread laterad.

All of the mantle cavity now

visible. The anal opening and
the rectum are visible along
the right and posterior bound-

aries of the mantle cavity.

Eey to plate:

13.
14,
16.

16,

Roof of cephalic hemocoele
Anel opsning
Rectum

Cut edpe of mantle
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PLATE 4
BAPLANATION OF PLATE

Camera lucida x 7

Dorsal wview. CSuperficisl dis-
seotion of the cephalic hemo-
coele. The roof has been cut
sagitally, spread latersad.
Portions of the buccel mass,
escphagus, and salivary glands

are exposed.

Key to plate:

17. Uedisn sulcus

18. Cut edge of cephalic hemocoele
which has been spread laterad

19. Salivary duct

20. Salivary gland

30. ¥ucous gland of msantle

40. Bsophagus






LATE &

EXPLAFATION OF PLATE

Camera lucida x 7

Dorsal visw., Deop disgsection ex-

posing the alimentary tract to
the point where it is about to
leave the cephsalic hsmocoels.
The mest anterior portion of
the tract normally lies in the
mid-line dorsad. In this plate,
it hes been dispiaced laterad
to demonstrate thse median sul-
cus, radula, and a dorsal view

of the odontophors,

Key to plate:

17. Cartilage of odontophore

18. ¥edian sulcus

19. Radula

20. Radular sac

30. Distal bulb of radula

40. Dorsal mucous gland of the
mantle ecavity

50. Esophegus
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PLATE 5

~
-

18
19

20

30




FLATE ©
EXPLANATION OF PLATE

Camera lucida x 14

Ventral view of the radula demon-
strating the luteral flare of
raduls at the region of its

insertion

Koy Eg'plata:

€. Insertion of ths radula

Te Hadula Lraversling e ventral
madian sulcus

8o amlular snislid

Yo Hadular membrane
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PLATS 7

EXELARATION OF 7LA I3

a3 L

Camera lucide x 7

Ventral view showiny the tips of
the cartlilaginous odontophore
projecting anteriorly from ths

radular shisld

Kay to plate:

12. Odontorvhore
13. Eadular chield

14. madular sheath



PLATE 7

12

13

14

N
i
= v
M= o~
=T
v

= v
v = J
N
=
v.= o
Sy
v = X
- Z v
- =y
v ="
~ ¥ v
v 2 -
- =
< =
v &
v =
v =




FATLASATION OF

Camera lucida x 14

Dorsal view. Deep digsectinn axe-

Kay

posing the odoutophorse

to plate:

70.

80.

The tnin connzetivs covering
which has gprsad latersad

Tewo odontophores with uedian
sulcus bastwesn them

Cut edge of the mantle



PLATE 8

70

90




PLATE 9
EXFLANATION OF TLATE

Camera lucida x 14

Doreal view. Superficial dissec~-
tion of the postsrior portion
of the mantle cavity, exposing
the highly convoluted intestinal

traot and the rectum

Eey to plate:

70. The constantly occurring oon-
striction which serves as the
morphological landmark for the
beginning of the reotum

80. The intestinal tract proper
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PLATE 10

EXPLANATION OF FLATE

Camera lucida x 14

Dorsal view, Deep dissection of

the stomach showing the corru-
geted appearance of the stomach
and the esophageal and intestinsi

openings

Key to plate:

1.

2.

S.

4.

5.

6.

Lateral corrugated walls of the
stomach with their many low
parallel ridges

The median gastric fold of the
stomach floor

Intestinal opening

Intestinal groove

Esophageal opening

Supsrficial lateral course of

the esophagus






PLATE 11

EXPLANATION OF PLATE

Camera lucida x 14

Porsal view. Deep dissection

made anteriorly to the dis-
saction as illustratsd in

Plate 10

Koy Eg_g}atsa

Te

9.

10.
11.

12.

Anterior end of intestinal
groove which would join with
the blind ventral end of the
intestinal tract of Flate 9
Opening of the groove into
stomach

The lateral gastric ridge
which serves as an anchorage
for the gastric shisld
Gastric shield

Cut lateral edge of stomeech

Cut medial edge of stomach
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PLATE 1I




MLATE 12

e

BXFPLANATION OF PLATE

Camera lucida x 7

Dorsal visw of the animal which
has been forelbly expanded to
facilitate putting in a sche-
matic drewing depicting the
entire alirmentary tract as it

ig found in the animsl

Esy to plate:

l13. Tentacle

14. Odontophors

18. “edisn sulcus

16, Salivary duct

17. Salivery gland

18. Headule

18, Distal bulb of radula

20. Dorsal nmucous gland

30. Csophapeal opening

40. iedian gastric fold in floor
of stomach

50. Geastric shisld

60. lateral gastric fold which
serves as anchoraps for the
gastric shield

70. 1Intasstinel opening

80. Intsstine proper



PLATE 12

64
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FLATE 14

TEAPLAVATION OF FLATE

Longitudinal section of bths esoph-

agus x 150

Zeotion through the ssophapus
showing the opsningzg of the
paired salivary plands sre two
lateral diverticulae f'row the
nost anterior rortion of the
tract. Tine paired sa.ivary

glands are ssen posteriorly.
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PLATE 18

EXPLANATION OF FLATE

Longitudinal section of the esoph-

agus x 300

Seotion of the esophagus taken from
the mid-region of the cephalic
hemocoele. Anteriorly, two clusters
of glandular cells are visibla.
Those on the left side of the tract
are in the process of sscretion.
Macin granules are being extruded
into the lumen of the esophajus.
Posteriorly the lumen narrows to
its normal size being flanked on
either side by the columnar gciliated

cell of the esophagus.



60



PLATE 1€

BXTLARATION OF PLATE

Cross section through the esoph-

agus x 9560

Section taken through the eszophagsal
wall which shows both types of
cells present in thie regiom of
the alimentary tract., In the
dorsal portion of the plate greatly
distended mucous cells are visible.
Cilia are absent in these cells.
Cytoplasm iz of an alveolar nature.
On the right wmargzin, the usual
tall, thin irrsgular ciliatsd cells
are visible. Cilia 2ro most sbun-
dant in these cells. The small
nuclei are stapgsered, giving the
appsarance of pazeudo stratification.
Underneath these colls a delicate
layer of circularly arranged muscle

fiters are evidant.






FLATE 17

BXPLANATION OF PLATH

Cross section of the stomach

wall x 980

Section through the stomach show-
ing the tall, ciliested columnar
cells., Ciliation i3 very dense
and regular in this portion of
the tract. A delicate basement
membrane is visible. The nuclei
of the cells are basally arranged
except at ths lowsr right margin
where there is = considerable
stazgering, thus giving the ap-
pearance of pseudo stratification.
¥o muscular layer {s evident; in-
atead the loosely arranged con-

nective tiszus is pressnt.






FLATE 18

BAPLAWATIUN OF rLATE

Cross sectiom x 300

Section taken through that region

of the stomach in the vielnity

of the intestinal zroove where
the epithelial cellsz dovelop a
cuticular lining inown as the
gastric shisld. The epithelial
¢slls which support this struc-
ture are taller than the adjacent
cslls and they take a much lighter
stain than ths neighboring cells.
Cilia are present on the ordinary
cells in the left margin of the
plate. 4 bagement membrans is
visible along the left margin of

the ocells,
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FAPLABATION OF FPLLIR

Longitudinal sectiovn x 1£.0

Section taxen at thic low mag-~
nification to demonstrate the
corrugated appoarance oif the
intorior of the stomach. yost
apparent arc The numerous low

parallel ridges.
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PLATE 20

EXPLARATION OF PLATE

Cross section x 300

Section teken through the visceral
hump showing the relationship of
the centrally situated stomach
and the openings of the esophagus
and intestine. The esophageal
opening is situsted on the left
{(embryologically speaking) side
of the stomach. The intestinal
groove, with feoal pellets, is
situated on the right side of the

stomach.






PLATE 21

EXPLANATION OF PLATE

Cross section of the intastine x 300

Completes cross sectional view oi the
intestinal tract showing the gon-
eralized arrengement of the intes-
tinal villi, the ciliaticn, and
the fecal pellets. KHotice that the
intestinal vilii are much more num-
erous and higher than those found
in the rectum. The cilia are much
more prominent than that which is
found in any other portion of the

tract.
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PLATE 22

BXPLABATION OF PLATE

Cross section of the inteatine x 980

Section taken through the mid-region
of the intestinal tract proper
showing the highly compressed
columnar cells of the intestinal
villi. The eppesrance is one of

pesudo stratification. <Cilia in

this region of the alimentary tract

are longer than in sny othsr part.

¥uclei, when basal in position, are

ovoid. Toward the [ree ends of the

cells the nuclei are compressed in

the direction of the mein axes of

the cells. XHucleoli are visible in

the nuclei. Arsas of thin circulap

muecle are visible along the left

margin of the intestine.
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PLATE 23

EXPLANATION OF PLATE

Cross section of the rectum x 300

Seotion taken through the mid-region
of the rectum. Visible are the
rectal villi, fecal pellets, and
cilia., This plate is nhistologically
comparable to that of Flate 21 of
the intestine. The villi in this
region are not quite as high as
those found in the intestinal tract.
The diamster of the tract is con~
siderably greater than that of the

intestinel tract.
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