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PART I
INTRODUCT ION




INT RODUCT ION

The oyster has been known and used com=
merciaelly since before the Roman and Greek civili-
zations, and reports of investigations pertaining
to it can be found dating back almost to that peri-
od. Because of the commercial value of the oyster,
most of the study of the animal has dealt with its
economic limportance. Definite Iinformation concern=
ing the~morph010gy and microscopiclstructure of
this Mollusc, therefore, is scarce. To be sure,
there 1s an abundance of miscellansous literature,
but no systematic microscopic study has been re=-
ported. Te C. Nelson (1938) states, "A critical
survey of the abundant and scattered literature
however reveals need for more fundamental investie
gations of the morphology of thils pelecypod and of
correlation of such findings with its ecology." Un=
til recently few attempbts have been made to gather
all the material under one cover. For example,
Philpots (1890) published two volumes entitled
Oysters, and all about them, but he says little of

scientific importance. Brooks, of Johns Hopkins

i -



University, published his classic book, The

Oyster, in 1905. This volume contains a vast store-
house of information on oyster growing and is of
inestimable value to the layman, but unfortunately
for this investigation Brook's work, like that of
Philpots, was written for the oysterman. It 1s ob=-.
vious therefore, that there is a definite need for
more accurate work on the oyster. To satisfy this
need, the writer has attempted an investigation to
gather the exilsting literature on the subject, and
to supplement this material with additional obser-
vations, thereby meking, Iin so far as is practicable,
a more complete morphological and histological

study. Time and space do not permit a very detailed
description of the anatomy, but an attempt has been
made to summarize the exlsting information, in most
cases after corroborating it in the laboratory at
the University of Richmond. Since the original in-
tent of thils paper was a description of the digestive

tract of Ostrea virginica, special attention will be

devoted to it.

| At the beginning our investigations were
handicapped by a scarcity of literature pertaining
to the histological technique. To remedy this site



uation, a systematic study of the histologlcal
methods that would best fix and stein oyster tissue
was started in this laboratory by Wilson (1938) and
Carsley (1938). Although the ideal method of fix-
ation was never found by these students a great deal
of Information was obtained pertaining to the af-
finity for stains of different structures. This was
of considerable value 1in working out the histology
of many of the structures. Using the knowledge gain-
ed by these papers, this investigation of the hls=

tology of the digestive tract was begun.,



PART II
REVIEY OF LITERATURE



REVIEW OF LILPERATURE

One of the earliest investigations of |
the mlicroscopic anatomy of the oyster was con=-
ducted by Peck (188%7). His paper dealt primarily

with a comparison of the gill structure of Arca,

Mytilis, Arcodon, Dreisgena, and Ostrea., He made
note of the fact that Ostrea differed from
lytilis in having 1ts gill plates fused to the
pallium, whereas in Mytllis, the outer demibranchs
are free. He discussed the eplthelium of the gills
in Mytilis, but made little mention of any of the
similar structures in Ostrea. He did, however,in
reference to Mztilis, describe three types of
filameﬁts, the cilia, and goblet cells. The inter-
lamellar tissue of the gills was described as
"lacunar tissue", probably because of the large
empty cells.

Possibly the foremost authority on the
morphology of oysters during the last century was
John A. Ryder. He published many papers, one on

anatomy being much quoted. In 1880, Ryder published

a paper On the Course of the Intestine in Ostrea

virginisna, Lister, His description of the stomach




is almost 1ldentical with the findings of this
laboratory, and differs only slightly from the
deascription of O. edulis by Yonge (1926-b). "Tbe»
mouth is a wide opening between the upper median
angles of the palps; so wide indeed that the animal
can scarcely be said to have an oesophagus; immedi-
ately follows the stowmach, which is seen to have
pronounced folds intérnally, with a generally trange
verse direction, but two'of these, which seem to
lie in a somewhat ventral position, are a pair of
inward projecting lobes, which are themselves lobu-
lated." From here on, he describes the course of
the intestine as it loops around the stomsch and
terminates in the rectum.

Ryder's Preliminary notice of some fine

points 1n the minute snatomy of the oystervalthough

an excellent paper, does not entirely agree with
the findings of more recent investigators, He de=-
scribed the blood channels as being non~endothelial
with the exception of the heart and the anterior.
and posterior sortae. The musculature of the heart
is described as nonstriated, whersas Kellogg (1892)
found that it was. Ryder found furthgr that the



connective tissue 1s spongy and surrounds the gonads,
the ducts to which are just beneath the mqntle and
lateral to the gonads. He found further that there
are no muscle fibers in the digestive tract,which 1s
ciliated throughout, while both Yonge (1926-b) and
the writer find muscle in portions of the digestive
tract.

Later in the same year, Ryder (1882~¢) pub-
lished the supplement to the above paper, in which he
described at some length the culbture, growth, and
anatomy of the oyster. He also published two papers
concerning the green color of oysters (1880 and 1882~
£). His earlier aper (1880) which also discussed
the breeding and food of the oyster stated that both
the green and brown colors are due to diatoms. His
supplenentary paper dealt primarily with the color-
atlon of the bloocd cells. He stated that the cells
derive their color either directly from the plgnts
or indirectly by “a hepatic coloring principle,
which on account of some derangement of the nommal
metabollc processes of the animal has been dissolved
and absorbed by the lymphohaemal flulds and then im-

bibed by the blood cells," Hacilunn (1900) made a



similar observation, but found'that the entero=-
chlorophyl" is the result of normal metabolism.

Still later in the same year, Ryder (1882-d)
described the kidney, the organ of'quanus. This
structure was first described by P.P.C. Hoek (1882).
According to Ryder, it is a "sickle-shaped" structure
on the anterior side of the adductor muscle, composed
of many tubules having a cillated epithelium.

In his next paper (1883), Ryder discussed
in some detail the morphoiogy of the oyster. He de=-
gcribed fairly completely the gills, pelps, ﬁantle,
digestive tract, excretory system, and the nervous
and vascular systems. His description was by far the
most complete and accurate up to that time. It does
not, however, altogether fit 1in with our present cone
coption of the oyster anatomy. For example, Ryder's
description of the circulatory system must neccssari-
1y be inaccurate since he did not recognize the ex=-
istence of the accessory hearts described by Hopkins
(1934) and later by Elsey (1935). waever, any attempt
at this point to discuss all his findings would be
rather burdensome, and since they will be takeh into

consideration with the findings of other investigators,



it seems adyisable to forego any further discussion
of his paper at this point. |

Mitsukuri (1881) published a paper on the
significance of aberrant forms of Lamellibranch gills,
but mentioned little of importance pertaining to the
glll structure of Ostrea. ' : |

P.P.C. Hoek (1882) found that the generative
organs of 0O, edulis are in the form of a lobulated
gland that gives rise to béth male and female gametes.
The organ of Bojanus combines with the genital tract
to form onerurogenitgl-canél.v< :

Puysegur (1882) reported that the oyster
was not the only mollusc.- suddenly to show a green
color and;that this color was due to green algae, and
not copper. ‘ | L

Bourne (1889) in an abstract of a paper by
PePsCo Hoek,‘described;the kidneys as opening into
the perlcardial cavity. In addition, there follows
a description of the urogenital system and a discus=
sion of the physiology of reproduction.

Transverse striations of the muscle fibers
‘in the auricle and in the adductor muscle wére first

described by Kellogg (1892). The former were describe
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ed as being large énd rather far apart. He also dee
scribed the incomplete fusion of the right mantle to
the visceral mass in O. virginica, the promyal of
Nelson (1938). Kellogg also first recognized that the
epithelium of the palps differed 1n 1its two surfaces:
that on one side being ridged, and that on the other
being comparatively smooth. The main body of the
palps is composed of large cells, termed "fat" cells.
His description of the digestive tract was rather
meagre, with no mention of histological structyre.

In his diécussion of the nephridium, he
stated, "It consists of large cuboidal vacuolated
cells, without concretions." The nephridium is furth-
er divided into a glandular portion and a non-glandu=
lar portion, the non-glandular portlon belng posterior,
while the glandular portilon is anterior. The glandular
portlion has folds within its lumen. As yet, the author
has found no evidence to warrant Kellogg's division.
The cells of the nephridia sometimes contain a small
round, deeply staining substance. None of the cells
bear cilia. »

Kellogg (1892) described three paired

ganglia: the cerebral, which are connected by a supra=-
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esophageal commissﬁre«and are located lateral to

the mouth; the visceral ganglia on the ventral side
of the adductor muscle; and a pedal ganglia. In his
description, he is not qulte clear whether the pedal
ganglia exists in QOstrea or in some of the other
genera with which his paper deals. The gills are

seen to be highly vaséular, having a blood sinus con-
necting the filaments at their inner edges. The sur-
face epithelium consists of columnar ciliated cells.
The presence of many.elongated glandular cells was
also noted, as was the presence of chitinous supporte-
ing rods in the gill filaments.

Kellogg (1892) described the pedal muscle
in Venus and then stated further that no similar
structure exists in forms without a foot. Herdmann
and Boyce (1899) describega "protractor pedis"
muscle in Q. virginica and Ryder (1883) found a
“pedal"vmusclg in the same species. While referring
to the muscle, Kellogg proposed the idea that the

large, dark portion, the adductor muscle, is the pore
tion supplying the strength for the forceful close
ing of the valves while the smaller, light, non~

striated portion is for quick closure of the valves.



Here again, his postulation conflicts with more
recent investigators (Orton, 1935). |

The description of the circulatory system
by Kellogg was more complete than most of his work
on the other structures. He described the presence
of two auricles, a ventricle, and an anterior and
posterior aorta. He also polnted out that the ane=
terior aorta supplied the visceral mass and mantlé,
while the posterior aorta supplied the adductor
muscle, running backward beneath the outer and up-
per wall of the pericardial chamber. Branches to
the rectum, found by Elsey (1935) and the author
were not mentlioned. No capillaries exisﬁ in the
oyster, thelr place being taken by sinuses, spaces
'invthe connective tissue with no endothelial lining.
However, the larger blood vessels in the gills and
visceral mass are reported as having definite endo=
thelial walls. The presence of this endothelium as a
complete endothelial layer, in the opinion of the
writer, is doubtful. o

In referring to the gills, Kellogg dé-v
scribed the lamellae as being divided into a number

of folds, the plicae. The filaments of the plicae
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are connected by a series of blood sinuses just a=
bove the wall of the water tube. This was also de-
seribed by Ridewood (1903) and Elsey (1935). Frequent
openings between filaments leading into the water
tube were noticed. These have since been termed
ostia. The epithelium of the gills 1is columnar and
ciliated, the cilia from adjacent filaments touch-
ing each other to form a barrier-like structure. The
water tubes are lined with chboidal epithelium whlle
the tissue of the gllls consists of large circular
cells interspersed with longitudinél and transverse
miscle fibers.s _

~ John Re Philpots! two volumes, entitled
Oysters, and all about them (1890) méntions little

concerning anatomy or histology. The author gave a
very cowmplete history of the oyster, but approached
his subjeét from a philosophical view point. It 1s
however interesting reading. } o A

In 1893, both Lankester and C. de Bruyne
published papers on the phagocytes of oysters.
Lankester pointed oﬁt that the large, highly granu-
ler cells in the surface of the epithelium, originally
observed by him and described as secretory cells, are

really wandering, phagocytic cells. De Bruyne, on the
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other hand, suggested that the phagocytes are
probably a paert of the digestive system. From_ob-
servations made in t his laboratory, it seems to

the writer that Lankester's first observations were
probably accurate, ut that some of the granular
cells in the epithelium are phagocytes in the-process
of either engulfing or assimilating food materiale

In 1897, Moore copied Brooks' and Ryder's
accounts of the anatomy of the oyster verbatim in
his description of the development, anatomy, and
growth'of the oystere. ,

Herdmann and Boyce (1899) described the
hisbology of the gills, and to some extent, the blood.
Their findings, in trief, are as follows: The epie
thelium of the gills 1s columnar with ellipsoidal
nuclei. At the base of the filaments, the epithelium
is cuboldal and squamous. Granular eosinophilous cells
are found in the epithelium. Two triangular shaped
skeletal bars (also described by Ryder, 1883; Kellogg,
1892; Ridewood, 1903; - Leenhardt, 1926; Galtsoff, 1928
and Elsey,‘1935),diverging to the exterior are found
in each filament. The connective tissue is slightly
fibrillated with fusiform or stellate cells. The



blood is composed of two types of cells, amoebocytes
or eosinophilous cells, and smaller leucocytes. The
amoebocyte wandering cells are found in almost all

of the connective tissue and epithelium, a fact which
is not altogether in accordance with the writer's
observations. The liver is shown to have two main
ducts leading from numerous small tubules (also-de-
scribed by Yonge, 1926-b on O. edulis )e There are two
types of cells in the liver, large granular "Kornere
zellen" and dark "Fermentzellen." Maclunn (1900) de=
scribed a granular cell of Frenzel that is simllar

to the "Kornerzellen" but goes further to state that
the liver contains no ferment cells. laclunn showed
that there are cells in the connective tissue similar
to the'ferment cells o¢f other molluscse. Yonge, (1926-a)
showed that the gastric gland (liver) is composed of
a single type of. cell.

Herdmann and Boyce also describei the pro-
tractor pedis muscle fairly completely. |
MacMunn (1900) described the liver as a

"folliculose" gland with ciliated tubules imbedded in
a tunica propria. The cells Qf the terminal endings

of the tubules are not ciliated, but contain entero-



chlorophyl either in the form of granules or dise
solved in oll globules present in the célls. The
entero-chlorophyl is a substance similar to chloro-
phyl, and later investigations seem to point to the
fact that it might even be chlorophyl taken direct-
ly into the cell (Yongs, 1926~b). MacMunn (1900)
stated that there is no glycogen in the liver. This
statement is rather confusing. lMacMunn apparently -
in referring to the liver meant not only the actual
tubules of the digestive gland but also the "tunica
propria" or surrounding connective tissue. If this
conception is true, his statement is erroneous. Ac=-
cording to Macliunn, the secretory cell of the gastric
gland is the granular cell of Frenzel. Cells in the
tunica propria (connective tissue) resemble the fer-
ment cells in the gastric glands of other Molluscs
in their manner of storing pigmented bodies colored
by entero-chlorophyl or lipocrome. Looking at anoth=
er investigator's work, we see that Yonge (1926-b)
found the "liver to be actually a digestive gland
used to assimilate soluble and to soms extent in=
soluble substances. MacMunn described the gland

ducts as being composed of columnar ciliated cells



with a striated border. He described the "amoebo=
cytogenous" tissue in this menner: "We also find in
the gastric gland of Ostrea very peculiar strands -
and islets of a tissue to which it 1is difficult to
epply an appropriate name. In longitudinal, and ine=
deed transverse sections, we find cells applied to
sach other forming a mosaic pattern which cells ap=-
pear to be of epithelioid character. Where such -
strands approach the wall of the larger ducts, or
that of the intestine, these cells seems to break
away from each other and, being freed from mitual
pressure, they become rounded, and look llke leuco=
cytes and amoebocytes." Nothing similer to this could
be found in O. virginica, and it is the writer's
opinion that Macliunn was describing a tangentilal
section through the end of one of the gastric di=-
verticula, because such a section adequately fits
his description. v
Ridewood (1903) described the gills of a
number of Lamellibranchs, among which he included

Ostrea. edulis. He found that the distal principal fil=-

aments all have septa, but that the septa decrease in

nunber as they get closer to the proximal edge, un-



t1l there are septa evéry fourth filament. The'ih-
terdamellar septa-have ciliated cuboidal tubes.

Mitra (1903), Van Rynhuk (1908), and T« &
Nelson (1918 and 1925) discussed the crystalline
style. Its structure and functicns have been enla g-
ed on since these papers; but their descriptions are
essentlially accurate and complete.

In 1905, Brooks published The Oyster, -an

excellent and complete dissertation on the oyster
and oyster growing, but one which dées not emphasize
all the details of morphological structure. -
 Kellogg (1915-16) described the ciliary
movements of the gills, palps, and mantle. Material
1s collected 6n the gills and moved toward thé two
margins, and from these to the pglps.AThe inner sure-
faces of the palps direct food orglly, while the out~
er surfacés exhibit the reverse process. The mantle
sends all.material to a line parallel to the edge
(Nelson (1924) described a series of these lines) and
from there, the partiqles are pushed posteriorly and
then out of tﬁe shell. | = |
Mitchell (1915-16) showed that glycogen wes

apparently'formed in thé connective tigsue from dex=



troge instead of dextrin. In his second paper, he
discussed the seasonal change in the glycogen cone-
tent of the oyster, and the fact that the so-calle

ed "fat" of an oyster refers to the glycogen. He

does, however, find fat in the oyster as shown by
ether extraction. From the writer's observations,

it 1s probable that the extract contained general
protoplasmig lipoids, and little substance com=
perable to the adipose or "fat" materlal found in

' vertebrate animals, Mitchell found further that, al=
though glycogen 1is stored throughout the whole oyster,
the highest percentage of glycogen occurs in the
region of the gastric gland. | . _

It was reported by Grave (1916), that the
ciliary mechanism of the gills, mantle, and palps 1s
capable of beating selectively, enabling the oyster
to select food material from sand gralns etc. The
cilia are capable of reversing their beat, 1f nec~-
essary. 4

According to Churchill (1919), the nervous
system consists of two ganglia just over the oesopha-
guse. Two other ganglia, situated beneath the adductor

muscle, are connected to the filrst ganglia by two



nerves. Peripheral nerves extend to all parts of
the body from these two pairs of gahglia.

In 1922, Orton made a study of the blood
of oysters. He found that the blood cells would live
from 3 to 4 days in a sea water medium, a fact which
perhaps has led many inveastigators to think that
some- of the blood cells found in the tissue were par-
asites. It is rather interesting to note that, accord-
ing to Orton, the blood cells, when they are téken out
of the animal will first congregate in clumps and
then, after a few ﬁinutes will disperse. This phef :
nomenon of congregation was also noted by the writer.
Orton stated further that the origin of the blood cells
is unknown, and that they héve-been seen to divide.
They also were observed to send protoplasmic connections
to each other, which according to thon, is analagous
to the clotting of mammalian blood.

In 1935, Orton published Oyster Biology amd

Oyster Culture, essentially a review of the modern

knowledge of the oyster, with speclal reference to
Oe edulis. Although this book 1s not very detailed in
its descriptions, there is little that Orton does nd

cover, including in it development, anatomy, habits,



feeding, growth, spawning, culture, enemines and
pests, pollution, and purification.

Splrck (1924) gave us one side of a very
much discussed question, in addition to a discourse
on the physiology of sex. He stated that the green
color of the oyster is not due to diatoms; but to
an Intracellular ﬁarasite. This view is directly' ‘
opposed to those of Ryder (1882-a), Lankester (1893),
and Puysegur (1882). _

TeC. Nelson, also in 1924, discussed in
more detail than did Kellogg (1892) the method by
which food is carried to the mouth. When the food
reaches the troughs in the gills that lead to the
palps, it is in-the form of "slime strings." Upon
reaching the palps, 1t 1s taken to the mouth, pro-
vided that it 1s small enough to fit into.the open=
ing between the palps. Particles too large to enter
are carried to the posteriq-ventral portion of the
animal by the pallial lobe, and forced out by a con=-
traction of the muscle. -

In the following year, Nelson (1925) pub-
lished some interesting observations on the functions

of the style. The style 1s shown to produce an
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amylolytic enzyme, meéhanically to0 separate food
from non-digestible material, and to recover food
that has escaped the stomach by building the food
material into the core of the style- The style,
constantly rubbingwagdinstrthe gastric shield,
gradually pecomes eroded, and thus returns the food
meterlal to the stomach. As the style is being- worn
on the gastric shield, it is constantly being re-
placed at 1ts distal, posterio-ventral end.

In 1938, T«C. Nelson published & rather - .

lengthy paper on The Feeding Mechanism of the Oyster,

in which he discussed in considerable detall the
functional importance of the promyal chamber, and

the reduplications of-thé,pallial border in Q.
virginica. The'prqmyal-chamber was first described

by Kellogg (1892). Kellogg, however, did no more
than just note thevincomplete fusion of the right
pallial lobe to the visceral-mass.xNelson showed con=
clusively that the major portion of the wate? taken
in by the right pair of demibrandheq pesses to the
outside through the promyal chamber. Thus, the promyal
chamber, in addit;anto the cloacal'chamber, is used

to dischafge>water. The distal edge of the pallial



lobe is described as having three folds, (the re=
duplications mentioned above) two of which bear
tentacles., The palllal curtein, the most medial, 1s
extensible by virtue o the elastic fibers at the
base & the eplthellum. The epithelium of thé pallial
curtain is low cuboildal, interspersed with mucous
cells. In addition, there are large mucous cells in
the underlying connectlve tissue. The pallium it~
self consists of a serles of small folds, running
perpendicular to the large folds. These small ones
make up the rejection troughs. The inner epithelium
is a low columnar ciliated eplthelium becoming cu=-
boidal at 1its distal end, in the vicinity of the
pallial folds. The epithelium rests on a band of col=
lééen-like connective tissue. The median pallial fold
is heavily ciliated and composed of low cuboidal cells.,
The external surface of the pallium has two distinct
types of epithelium connected by a transition. One

is smooth In appearance, and contains more micous
glands, while the other 1s composed of a higher eple-
thelium thrown into many folds. Muscle fipers, both

radial and concentric are also described.
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To date, the most complete account of the

morphology and hisﬁology of the digestive tract was

written by Yonge (1926~b) from observations on 0.
edulis. The pallium is described as having a trang=-
Q versely ridged surface with a thickened margin bear-
k ing two rows of tentacles. This was described by
Helson (1938) for}Q. virginica and Llsey (1935) for
O. lurida and 0. gigas. The mantle cavity is divided
into exhalent and inhalent chambers by the fusion

J of the four demibranchs and pallial lobes. This con-
: dition differs from that in 0. virginica (Kellogg,

Q 1892 ) and Nelson,(1l938) as well as 0. gicas (Elsey,

7; 1935). The inner demibranchs aré closer to the mouth
than the outer ones. The gills overlap the palps for
a short distance. The palps, of which there are two.
pairs, are ridged on their iﬁnér surfaces and smooth
on their outer surfaces. This was déscribed on O,
virginica by Kellogg (1892). In the region of the

mouth the two inner palps are fused. The mouth lics

in the continuetion of the groove between the two 1n=-
ner palps. The position of the mouth (Ryder, 1880 aud
Kellogg, 1892) in 0. virginica is the same although its

shaps 1is slightly different. fccording to Yonge, the
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mouth, a horizontal slis, empties Into a short slit- \
like oesophagus which in turn empt® s into the sac=
shaped stomach. Leading from the stomach is a large
food sorting caecum- that 1s also connected to the mid-
gut, one of the other structures leading from the
stomach. In addiiion, there-are two main ducts lead=
ing from the digestive diverticula, one on sach side
of the stomach, a condition that is not exactly the
seme in O. virginica. The ventral portion of the
stomach elongates into the style sac housing the
crystalline style. The gastric shield, a cuticular
structure against which the style revolves is situate
ed on the dorsal wall of the digtal half of the
stoma.che YOonge believes that the gastric shield is
not a secretion, but 1s formed by the fusion of the
cilia . Nelson (1925) apparently suppats this theory
by stating that the gastric shield is composed of
chondrin. Berkeley (1935) found that the style is come
posed of mucin and chondrin while the gastric shild
is composed of chitin. The gastric shield is bilobed
in 0. gdulls and trilobed in Q. virginica. The mid= |
gut 1s continuous with the style sac throughout its



entire length. From the midgut, the  intestine doubles
back dorsallya loops around the stomach and terminates
in the rectum. This condition was found to be the

same in_g; virginica from our own observations and
those .Ryder (1880) and Brooks (1905).

Yonge next descrilbed the histological
structure of the digestive tract in O. edulis, and
since this will later be compared to that of O.
virginica, his description will be only briefly
sumarized here. - _

The gills are divided into plicae and these
further divided into filaments, there being 9-12 fila~
rments per plica. Similar observations were made by
Ridewood (1903), Kellogg (1892) on Q. virginice, and
Elsey (1935) on 0. lurida and 0. glges. Filaments are
of three types: the principal filament found at the
junction of the two. plicae, the transitional fila-
ment along the side of the plicae, and the ordinary
filaments found at the apex of the plicae. This de=-
scription of Yonge's is based largely upon Ridewood
(1903 ). Yonge does, however, enlarge upon it to some
extente.

The inner surface of the palps is ridged
and composed of ciliated cells with oval nucleil.



Phagocytes and unicellular mucous glands are found
interspersed throughout the epithelium. The con=-
nective tissue consists of fine strands with many
muscle fibers running through it. On the inner sur=
face, the epithellum is more irregular, but still
very similar. The mouth is composed of tall columnar
cells with long cllia. The epithelium of the esophéd-
gus 1s similar to the mouth, except that the cilia
are shorter. The stomach is composed of tall colum~
nar ciliated, and 1in the region of the gastric
shield, non-ciliated cells. Occasional mucous cells
are found. The tubules of the digestive_diverticula
are composed of ciliated»columnar cells{ while the
diverticula themselves are non~ciliated. The style
sac is composed of columnar cells with large oval
nuclel and long stout cilia. The midgut 1s compos=-
ed of tall columnar cells interspersed with many
mucous cells. Iiucous cells are most numerous in the
rectum which is coﬁposed, as 1s the rest of the di-
gestive tract, of ciliated columnar cells,
Phagocytes, of which there are seven
types, are found throughout the epithelium of the

digestive tract and the connective tissue of the vig=-
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ceral masse.

In another publication, the same year,
Yonge (1926-a) showed that the digestive diverticula
is a system of blind tubes emptying into the stomach
by means of ciliated ductse. Only one type of cell
1s present, which probably has in addition to its
powers of absorption, the power to engulf small
particles. "Injection of iron and pilocarpine fail
to demonstrate the presence of secretory cells e;se-
where than in the style sac." The digestive divertic-
ula must, therefore, be organs of absorption ahd
intracellular digestion.

~ In 1928, Yonge proved that the absorption
of glucose took plece only in the digestive tract,
specifically in the gastric gland.

Galtsoff (1928) gave a description of the
structures of the gills based on Peck (1877),
Kellogg (1892), Janssen (1893), Ridewood (1903), and
Yonge (1926-b).

Truitt (1931) gave a general account of -
the morphology and physiology of the oyster. Little
new material on the anatomy or histology was prescnt=

ed.



Hopkins (1934 ) described the acessory
hearts of the oyster. They are located on the inne-
~er surface of the edge of the mantle, at the posteri-
or end of the cloacal chamber. He suggested that
overlooking these hearts has caused an incomplete
understanding of the circulatory system. His descrip-
tion of the circulatory system was taken from 0.
gigas, and differs from that of Elsey (1235) who in-
dependently dilscovered the accessory hearts a year
later. Hopkins (1934) found that the blood from the
accessory hearts goes to the mantle and the gills,
thereby causing pressure in the clrcumpalllal ar=-
terieS'from}two sources, since they are diractly con=-
tinuous with the anterior aorta. According to Elsey
(1935), the accessory hearts receive blood from the
mentle, and then pump it to the heart by means of the
pallial vein. In addition, part of the blood, (Zlsey,
1955) from the gills, passes through the accessory
heart and then goes to the auricle.,

Two years later, Hopkins (1936) described
the pulsating of the radial vessels in the mantle.,

Berkely (1935) found that the style is

composed of mucin and chondrin, a fact that explains



the red structures in the style sac after being
stained with mucicarmine in this laboratory. The
gastric shield is-composed of chitin,.

Elsey (1935) again deseribed the incom-
plete fusion of thefmantle to the visceral mass,
described also by Kellogg (1892) and Nelson (1938),
in his paper on O. gigas and Q. lurida. He also
mentions the pedal muscle described by Herdmann and-
Boyce (1899) on 0. edulis. In addition, he takes up
theAhiStOlOgy’Of the mantle and gills in consider-

able detail.
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PART III
MATERIALS AND METHODS



MATERIALS AND METHODS

- Live specimens of O. virginica were
brought from the York River and placed in a well
aereated glass aquarium. The specimens seemed to
thrive in their new environment .

Materlal for gross dissection of the di-
gestive system was first injected either orally or
through the rectum with a hot colored, gelatin
mass. The mass was allowed to cool, énd the whole
specimen was hardened in 10% formaldehyde, and
then dissected. Some of the specimens were inject-
ed orally with a plaster of paris mixture, but
this did not prove so efficient as the gelatin
mass. The observations made in this fashion were
checked with two sets of serial sections. One was
a serial made from a l.5 cm., oyster, killed and
fixed in Bouin's fluid for 18 hours, scctioned at
10 micra and then stained in Harris' modification
of Delafield's heematoxylin and counterstained with
eosin and orange Ge The other serial was a large
oyster, 7 cms. long, fixed in Bouin's fluid for

48 hours, dehydrated in alcohol and imbedded in



celloldin. Free hand sections were made, and examine
ed under low magnification without staining. The
position of the digestive tract was then graphlcally
represented. ’

The nervous system was demonstrated by a
modification of the Charles Sihler stain (Guyer,
1936 )+ Another method employed was 10% nitric acid.
The oyster was placed in the acid for 72 hours after
first killing 1t in hot water. It was next washed
in running water for 24 hours. Results of both
these methods were disappointing. Use of serial.
sectlons was found to be the most practical method
for determining the nervous system.

The circulatory system was studied both
by reference to the serial sections mentioned previouse
1y and‘by injection. The injection mass consisted
of a 10% solution of neutral red, and was injected
directly into the:ventricle. The heart was then
tied off to prevent the stain's flowing out. The
oyster was dissected without hardeninge. All other
gross‘dissections were performed;either on a fresh
specimen or on one hardened in 10% formaldehyds

Material for histOIOgical study was fixe
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ed in Carnoy's fluld for 1 to 2 hours, Bouin's
fluid for 8 to 12 hours, Flemming's-with-acetic *
for 6 to 8 hours, and in a few lnstances with
Regaud's., Haematoxylin, eosin, orange G, as well
as iron haematoxylin énd Congo red were used to
show the structure of the epithelium. lluscle
tissue was stained with iron haematoxylin withe
out a counterstain. Connective tissue was stained
with Regaud's haematoxylin following Regaud's fixa=
tion. Connective tlssue elements were fixed in
Flemming's-with-écetic_and stained with Bensley's
(1939) aniline-fuchsin, methyl green technique.
Material to demonstrate glycogen was
fixed in 9 parts of ethyl alcohol to 1 part of forma-
lin, or by means of Regaud's technique. The glyco-
gen was stained with sodium bisulphite, Bensley
(1939). A saliva digested control was run in both

Casess
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HIORPHOLOGY

The oyster consists of two valves, left
and right, connected by a hinge on the posterio-
ventral side (figs. 1 and 2). There is a dark, red-
purple ligeament sibuated at the hinge, the leverage
of which is such &hat the two valves will remain
open if there be no force to close them. Although

the oyster 1s considered bilaterally symmetrical,
the left valve is usually larger than the right
valve. The left valve is normally in the form of a
deep cup, while the right valve 1is comparatively
flat and acts as a cover to the cupped left valve.
The oyster attaches itself by its left valve, leav-
ing the right valve free to open. The shell has a
laminated appearance, consisting of layers of éal—
cium carbonate that are set down by the pallium as
the oyéter grovs. The degreé of concavity of the
left shell depends not ohly on the species, but to
a very great extent upon the type of substratum
that the oyster is growing upon. |

WVhen the right valve is removed, the soft

parts of the oyster can be seen attached to the shell



at four points: on the right and left sides by the
adductor muscle, to some extent by the pallium
where it is fused to the muscle, and the remnant of
the retractor pedis muscle (Herdmenn and Boyce,
1899).-The large muscle, posterior and posterio=-
ventral to the pericardial cavity, is used for clos-
ing the shell. The smaller muscle at the anterior
portion of the mantle is merely a remnant of the
foot muscle that has no apparent function as such
in the oyster. Herdmann and Boyce (1899) find that
the retractor pedis muscle 1ls capable of enlarging
the opening undernsath the fused portion of the
pallial lobes, the oral hoods This is accomplished
by raising the cucullus (the cowl-like fusion of
the pallial lobes) with the contraction of the re=
tractor pedis musole. v _
In Q. virginica the large muscle is sit-
uated somewhat on the dorsal side of the animal a=-
bout two-thirds of the distance from the hinge to
the opposite end of the shell. The muscle is attach-
ed directly to the left and right valves, leaving a
purplish kidney-shaped scar. The muscle 1s fused

to the mantle around its edges. There are two def=



inite parts to the muscle, the largs, anterior,
shield~-shaped adductor muscle, and the smaller,
posterior, crescent-shaped catch or ratchet muscle
(fig. 3). The former is the larger and darker of

the two, being a dull grayish color, while the catch
miscle 1s a glistening white. The adductor muscle-
is the muscle used for a quick closing of the shell,
while it is‘thought that the catch muscle 1s used

to keep the valves closed over a period of time.



PALLIUN

The next»mostrconspicuous structure is
the pallium (mantle) which covers the oyster com-=
pletely on 1its right and left sides, except for the
region of the muscle. The pallium in the region of
the muscle is fused not only to the muscle but alw~
so to the shell.,

It might be well, in order to make the
following descriptions somewhat clearer, to explain
the angle at which the oyster was viewed. All dis=-
sections were made with the right valve of the
oyster removed and with the animal resting on its
left side. The mouth (Jjust below the oral hood) will
be considered anterior, the anus posterior, the
region between the mouth and the rectum on the side
toward the apex of the shell dorsal and the regions
near the wider portion of the shell are roughly ven=
tral (fig. 3). Barlier investigators were a little
confusing in their discussions because they very
often differed with each other in respect to the an=
terior and posterior axis of the oyster. According=-

ly Yonge and Helson submitted the question to Pel-
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seneer in 1931 and arrived at this conclusion: "The
principal axls in the oyster lies in the line drawn
through the mouth and anus. The hinge 1is antérodor-
sal, while the palps aﬁd front portion of the gills
project ventrad into the infra branchial chamber.-
The hinder part of the gills extend ventrad, ventro-
posteriorly and posteriorly." (Nelson, 1958),

The pallium is ridged very faintly, the
ridges runningfrgdiallygfrom the region of the muscle.
These ridges are only noticeable on the medial side
of each pallial lobe., The left and right pallial
lobes make up the two parts of the palliuwm. These
are fused to each other on the dorsal side from a
point gbout two-thirds of the distance from the anus
to the mouth, to a polnt just a little anteroventral
to the mouth (fig. 3). This fusion, the oral hood,
forms a cowl-likestructure, the cucullus, over the
mouth and the anteriodorsal portion of the labial
palps. Both the left and right pallial lobes are
fused to the visceral mass, the left lobe to a great-
er extent thaﬁ‘the right. This condition was first
observed by Keliogg (1892) on 0. virginica. The
space formed by the incomplete fusion of the right

pallial lobe to the visceral mess has recently been



termed the promyal chamber (Nelson, 1938). In
addition, the pallial lobes are fused to the poste-
rior and posteriodorsal border of the gills, form=
ing the exhalent or cloacal chamber, and the promyal
chamber on the dorsal side and the inhalent chamber
on the ventral and posterioventral sides (fig. 3 ).

» The edge of the pallium is considerably
thicker than the rest of the sp:ucture and is
usually pigmented. At its border there are three
small foldse. These folds are not continuous all a=
round the pallium, but start at approximately the
ventral portion of the palps, continue posteriorly,
getting thicker and more pronounced as they approach
the posterioventral portion of the pallium where
they reach a uhiform size s, They get smaller on the
dorsal side of the pallium as they approach the point
where the two pallial lobes are fused, finally dis-
appearing a short distance posterior to the fusion.

The innermost fold is termed the pallial
curtain and consists of a thick fold bearing large
whitish tentacles (Nelson, 1938). VWhen the tentacles
are extended, this fold forms a curtain at right

angles to the rest of the pallial lobe. This enables
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the oyster very effectively to prevent any foreign
materlal entering the inhalent chamber if it forces
both the pallial lobes together. The distal edge of
the pallium consists of two pigmented folds, one
slightly larger than the other, the outermost,
while the median fold is almost hidden. The median
fpld bears two types of tentacles? arranged in seve
eral rows. Elsey (1935) working on Q; gigas and O.
lurida found that the larger tentacles are more
sensitive to hydrochloric acid than the others. In
life, the outermost fold is usually found adjacent
to the shell of the oyster.

Nelson (1938) described the pallial folds
very completely. "The pallial curtains, innermost
of the three reduplications of the pallial border,
begins ventrally on each pallial lobe, approximate=
ly at the level of the central portion of the palps.
It starts low and close to the edge of the palliunm,
 gradually- increasing in height and in distance from
the border as 1t courses aborad to the palllo=-
branchial fusion. Dorsal and orad to thils fusion
the curtain extends to a point on a level with the

anterior margin of the promyal chamber, beyond
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~ which it decreases in height as on the ventral

side, finally merging with the pallisl surface near
the anterior end." In a manner similar to the folds,
the tentacles of the pallial curtain are smallest

at its anterodorsal and anteroventral ends, but
gradually get larger as the curtain extends poster=-
iorly, finally becoming of uniform height at the
posterior border of the pallial lobe. These tentacles
are approximately 0.5 mm. apart. This description :
of the pallial curtain will also suffice for the other
two folds, since they follow it rather closely.

At the point where the left pallial lobe is
fused to the visceral mass, there ig a small flap
that remains free. This flap extends élong the dorsal
border of the visceral mass for a shat distance. It
is similar to the other portions of the pallial lobe
in every‘detail, even having the three reduplicatlions

of its distal border.
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GILLS

VWhen the right pallial lobe 1is removed,
five large structures come into view, the visceral
mass, gills, labial palps, muscle, and heart. The
visceral mass is a large structure of varying color,
which may be described as a club-shapcsd mass with a
Smali diverticulum coming off it posteriodorsal
side; the rectume The posterioventral extension of
the visceral mass, containing the style sac and the
midgut, has been named the "oral process" (P.P.C.
Hoek, -1882). The visceral mass attached to the two
pallial lobes laterally and dorsally, to the labial
palps on 1ts anteroventral side, and the gills on
~its ventral and posterioventral side, contains the
digestive tract, part of the nervous and sxcretory
systems, and the gonads.

Attached to the wisceral uass are the
four demibranchs of the gills. These denibranchs
are attached to each other and to the wantle is such
a fashion that they form by these attachments a
water-tight wall. There are four demibranchs arrang-

ed in a crescent-shaped fashion, starting at the



base of the palps and terminating at a point im-
mediately posterior to the muscle (figs. 3 and 9 ).
The palps enclpse thefgills for a short distance

(fig. 7), the right and left outer and inner demi-
branchs lying between the inner surfaces of right
and left palps. The two inner demibranchs arise
siightly more anteriorly than do the outer demi=
branchs.

Each demibranch consists of an outer and
an inner lamella, connected to each other by inter-
lamellar tissue. The outer lamella‘of each outer
 demibranch is united to the mantle, while the inner
lamella of the outer demibranch is attached to the
outer lamella of the corresponding inher demibranche
The inner lamella of the two inner demibranchs are
fused, thereby completing the water~tight wall men=-
tioned ih the preceeding paragraphe. Thé fusion of
the right outer demibranch to the pallium in O.
virginica 1s complete only at the aborad end of the
gills (Nelson, 1938). »

‘ The demibranchs'arerdivided;intp plicae,
small ridges that give the gills a striated appear-
ance . Theplicae are further divided into filaments,



small folds on the plica-(KellOgg; 1892). There -
are threertypes of filaments, ordinary, principal,
and transitional (Figé. 17 and 18). The ordinary
filaments are found at the apex and along the lat=-
eral walls of the plicae. The principal filament

is situated at the base of the cavity between the
filaments, while the tfansitional filaments are -
found adjacent to the principal filament (fig. 18).
Between the filaments are numerous pore-like open=-
ings, the ostia, that lead to the water tube on the
inside of the demibranch. (Kellogg, 1892, Ridewood,
1903, Galtsoff, 1928, Elsey, 1935). The water tubes
empty into the epibranchial chambers of which there
are two, one for each pair of demibrénchs. The left
epibranchial chamber empties into the cloacal exe
halent chamber situated just dorsal to the muscle
(fige 3)+ The right epibranchiai chamber empties
largely into the promyal chamber and probably to a
very slight extent into the cloacal chamber. In
the region just below the adductor muscle, there is
a constriction of the epibranchial chambers, which
1s more pronounced on the right side than on the

left. This is probably due to the presence of the
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promyal chamber on the right side of the oyster.-
Nelson (1935) in reference to the promyal chamber

of 0. virginica states,; "Correlated with the pre=
sence of thils outlet on the right side, the supra=
branchial (epibranchial) chamber on the right side
has become correspondingly reduced, thus limiting
water flow through it." It is thought that the de-
velopment of this promyal chamber in certain speck's
of the oyster has increésed~their ﬁropensity for
feeding in comparatively tubbid areas. It 1s a well
known fact that Q. edulis would die in turbid waters
that O. vifginica flourish in, so we have more than
experimental and_theoretical prosf that the promyal
chamber is a development to snable feeding in ture-

bid waterse.



PALPS

interior to and overlapping the gills
are two paired labial palps (fig. 3). Primarily
these are part of the digestive tract, and as such
they should be described with it. Since the palps,
with the gills and pallial lobes constitute the
feeding mechanism of the oyster they are described
with t hese structures. The palps are small tri-
angular shaped, transversely ridged étructures,
just ventral to the mouth (fige. 9). The palps are
ridged only on their inner opposing surfaces. They
are smooth on their outer surfaces and the inner
oppqsing surfaces of the two medial ones. The
spaée between each pair of»palps is continuous with
the mouth, forming with it a sort of U-shaped struc-
ture (fig. 21). In edulils this is apparently not so
pronounced, the space between the palps forming a
ciliated groove that leads to the mouth (fig. 7).
The palps arc fused to the visceral mass by their

thickened proximal border.,.



DIGESTIVE SYSTEM

The digestive tract is far more com=-
plex than one would expect of an animal as simple-‘
as gn oyster. The mouth, a'funnel Shapedrstructurg,
situated at the anterior end of the visceral mass,
is joined to the cavities between the two pair of
labial palps. Actuaelly, however, the mouth lies
dorsally between the two pair of palps and is also
continuous with the cavities between the two pairs
of palps by means of small grooves (lateral oral
grooves) that are found near the point at which the
two pairs of palps are fused (fig. 7). The mouth
empties into an eéophagus that extends posteriorly
for about one centimeter in a lérge oyster, and
this in turn empties into a large sac-like struc=
ture, the stomach (fige 9). The stomach is rather
complex, consisting of many folds and diverticula.
The food sorting caecum, with the exception of the
style sac, is the largest df these. It starts at
the posteriodorsal portion of the stomach on its
right side, extends anterioventrally, finally end-

ing in two blind pouches, one very small, pointing
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anteriorly, and the other a fairly large pouch ex-
tending ventroposteriorly and to the left (figs. 4,
6, and 9). The food sorting caecum is connected to
the stomach throughout its entire length, except.
for the diverticulum extending ventrally. It is al~
30 connected to the midgut at about the junction of
the latter to the stomach. In addition to the caecum,
there are two small evaginations on the right side.
These evaginatlons apparently have not been describe
ed heretofore. They were not visible when a gelatin
cast was ma§e'of the stomach, but they were rather
obvious when traced out microscopically by means of
serial sections (figs. 4 and 6). Yonge's drawing of
a gelatin cast of the stomach of O. edulis (fig. 8),
and a similar drawing of O. virginica (fig. 9), show
nothing at all similar to this. It is possible that
the gelatin mass distends the stomach to such an ex-
tent that these evaginations may not be seen.

There are &a number of small ducts empty~
ing into the stomach from the digestive diverticula.
There were ten of these ducts in one specimen, only
seven in another,‘while'still another had five ducts.

Most of these were very small and emptied into the
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stomach at about the same region, but without first
emptying into a common duct. Apparently the diges=
tive diverticula are in the form of a series of com-
pound tubular glands, the size of which is variable,
as 1ls the number of ducts leading into the stomach.
There are two large main ducts, making up the great-
est portion of the structure, one on the anterioven=
tral side, and one on the posteriodorsal side. The
others are very small and inconstant. These two large
ducts are in gccordance with the findings of Yonge
(1926~b) on Q. edulis, but he offered no description
of the numerous small tubules emptying directly into
the stomach, as is the case in 0, virginica.

On its left side the stomach bears the
gastric shield. In Q. virginica 1tkconsists of a tri-
lobed structure, the middle 1obe being the largest.
Yonge (1926-b) descrived a very similar structure in
O. edulls. "On the dorsal wall of the stomach is
borne the gastric shield, a cuticular structure of
somewhat irregular shape, consisting of two broad
lobes united by a narrow neck, the larger of the lobes
being thin and smooth, while the smaller of the lobes

is thicker and bears a number of teeth. It 1s agalnst
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this shleld that the crystalline style bears."

At 1ts base the stomach gives rise to two
structures, the style sac and the midgut. The style
sac starts on the left dorsal side of the stomach
and extends posterloventrally in almost a straight
line, except for its distal third which curves
slightly moré posteriorly than the proximal portion
(fige 9). The style sac extends between the gills
and the muscle, finally ending in a blind pouch at
the distal end of the visceral mass (Figs. 4, 6, 8,
and 9). It is this blind sac that houses the crys-
talline style.

The midgut, on the other hard, starts at
the base of the stomach on its right posterior side
and extends anterioventrad until it crosses over
the style sac on its right side, where it turns ven=~
trally énd runs parallel to the style sac for a
short distance. The midgut gradually twists around
the style until when it is about halfway down the
style sac, it is on the left posterior side (figs. 4
and 6). It then proceeds tb turn slightly ventrally
until at the distal end of the visceral mass it has

once again miérated to a position where it is on the
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left side of the style sac. At 1ts distal end, the
mlidgut loops anteriorly and then extends anterio-
dorsally as the intestine. The style sac 1s connect=-
ed to the midgut by a narrow lsthmus, the ma jor and
minor typhlosoles. Actually, the major and minor
typhlosoles are an essential part of the midgut, but
- in as much as their histological structures are dise
similar, it seems advlsable to segregate them. -

The intestine starts at the posterioventral
end of the midgut and passes posteriodorsally along
the anterloventral slde of the style sac. It gradually
extends dilagonally a cross the style sac and midgw on
their right side, until about the level of the anter=
ior edge of the pericardial cavity. Here 1t turns
dorsally rather sharply for a few centimeters and then
turns anteriorly and to the left. The next loop of the
intestine extends anterioventrally, passing to the
left of the proximal portion of the stomach. It eX=
tends past the stomach for a few centimeters and then
loops once more, doubling back in & posteriodorsal die
rection. This loop passes to the left of the style sac

and the ascending loop of the intestine anterioda sal

$0 Bhe pericardilalcavity, ending finally in the rectum
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which extends along the posteriodorsal border of

the muscle and termingtes in the anus.



C IRCULATORY SYSTEM

The circulatory system of the oyster is .-
rathdr confusing and difficult to trace. The smaller
vessels are merely sinuses in the connective tissue,
and any asttempt to trace them by dissection is al=
mo st impoééible. Consequently, mosﬁ of the following
‘description will be limited to an account of the
larger vesselé. Former investigators were rather in=
accurate in their observations because they failed to
take into consideration the fact that there are two
large pulsating vessels in the pallial lobes (Hopkins,
1934; and Elsey, 1985). Furthermore, many of the
radial blood vessels in the pallial lobes of very
young oysters have also been seen to pulsate (Elsey,
1935) .

The hesart is situated in the pericsardial
cavity just anterior to the adductor muscle and cone
sists of three parts, two long, conicel auricles, con=
nected to each other by a thin layer of cdnnective
tissue, and a large, roughly sphericél, thick walled
ventricle. Both the auricles and ventricle are capable

of vigorous contraction. When the ventricle is not
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contracted, it becomes enlarged tremendously, al=-
most completely filling the pericardial cavity

(fige. 10). Upon contraction, it contracts in three
dimensions elongating the relaxed auricles (fig. 11).
(Kellogg, 1892, Orton, 1935, and others).

Ieading from the ventricle are two large
arterles, the anterior and posterior aortas. The
anterlior aorta runs into the visceral mass at the
Junction of the visceral mass and rectum (fige 5).
From here it runs anteriocdorsally for a short dis-
tance and then gives off two branches, one small
arteryAthat runs posteriorly supplying the rectum
and one large vessel that runs ventrad. This first
large branch forks shortly after it comes off the
anterior aorta giving off a fairly large artery
supplying the gonadé,Adigestive diverticula, and
stomach, while the obther branch of the fork extends
posterioventrad into the smaller end of the visceral
mass giving off about four or more small branches
supplying the style sac, midgut, and gonadse The
anterior aorta continues anteriorly giving off three
small branches dorsally, two small branches ventraily,

and one large ventral branch supplying the anterlor
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portion of the stomach,-the esophagus, the gonads,
the digestive diverticula, amnd the inner palps.

From this point, the anterior aorta twists slight-
1y ventrally and then glves off a large branch which
itself branches and sﬂpplies both of the outer palps.
The branch to the palps-runs along thelr base giving
rise to three main arteries supplying these struc-
tures. Each of these branches divides into smaller
arteries extending in a sort of fan-shape (fig. 5).
The anterior aorta continues anteriorly through the
fusion of the pallial lobes until it reaches the
termination of the cowl. Here it bifqrcates giving
rise to the right end left circumpallial arteriese
These follow the edge of their respective pallial
lobes, each gilving off a large branch at about the
level of the palps, that runs parallel to the edge of
the pallium through the middle of the pallial lobe.
The paliium is well supplied with blood by means of
numerous radial branches from the circumpallial ar=
tery and branches from the artery running posterior=
ly through its middle. There are two main arteries

supplying the pallium withblood, the circumpallial:
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arteriss, and a<smaller artery, a branch of the cir=-
cumpallial artery, running down the middle of each
pallidl lobe. This vessélvfor the sake of something
to call it, might bd termed the median pallial ar-
tery. Branches of this supply mainly the pallial
lobe in the reglion of the adductor muscle. Thelcir~
cumpallial arteries supply the distal border and the
region in fairly close proximity to the edge of the
pallium, eventually e mptying into the acessory
hearts. It might be well to point out here that in
very young oysters the pallial lobes are more high=
ly vascular than in adult oysters, & fact that seems
to indicate that young oysters usd‘thé pallium to
some extent as an aid to the gilllse 7 o

The posterior aorta starts dbrsally and
then_twists abruptly»pdsterior1y>along the dorsal
border of the perlcardial cavity, where one or two
small branches are givén off, supplying the distal
portion of the rectum. At the anterior edge of the
adductor muscld,‘the posterior aorta gives off a
large ventral branch that 6xtends along the an-
terior edge of the muscle. This artery gives off a

few small branches, the largest of which penetrates
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the middle of the muscle, and then becomes lost
in the muscle tissue élong its ventral edge. The
posterior aorta then continues as a rather small
artery to the catch muscle, where it branches once.
Blood from the digestive tract, palps,
and dlgestive diverticula is carried into the medlan
branchlal vein by means. of large}sinuses. This
medlal vessel is the largest of three large vessels
fhat run along the gills, sach one running parallel
to a point of fusion of the gills. Blood from the
gonads, adductor muscle, and rectum, after being
collected in sinuses, passes flrst into the excre=-
tory tubules, which empty finallyintoAthe median
branchial vein, and from there directly to the
auricle through the two lateral vessels (Elsey,
1935). - | -
| In the gills, blood from the medial branch-
ial vein must first pass through the gill lamellae
before it can -be taken up by the two lateral branchl-
al vessels. The lateral branchial vessels are direct=-
ly connected to the auricles by a branchial vein. In

addition, there is still another pair of vessels run-
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ning parallel to the fusion of the two outer demi-
branchs and the mantlé. These two are connected to
the acoessory hearts by means of a small vessel at
their anterior end. Théy are also continupusvwith
the auricles by means of the pallial vein, so that
blood from the accessory hearts goes through the
two outer demibranchs and then into the auricles
through the pallial vein. It is interesting to note
that many of the blood sinuses in the gills ®nd as
blind sacs (Elsey, 1955).4?At the level of each in-
terfllamentar shelf, the vertical vessels comrunicate
with lacunae, which in turn open into the tubes &
the ordinary and transitional ﬁilamenﬁs, The filag
ments end blindly at-both ends.-Consequently all of
the blood which enters the interfilamentar tissue
from the vertical vessel must return by the same
path." (Elsey, 1935) Exactly how this might be
accomplished with pressure forcing the blood cells
in one direction is not quite clear to the writer,
unless the blood cells go'through the interfilamen=-
tar tissue and then return through a different vese=
sel. In so far as the blood cells exhibit no dig=

like for going through walls, 1t appears rather log=-



ical to expesct them to go through the inter-
filamentar tissue instead of resisting a steady
pressure and reversing their path. The vertical
vessels of the gills are connected by sinmses in
the interlameller tlgsue, so that blood vessels of
the two lamellae of one demibranch are conrected.
It seems obvious, after the writer's cursory obsere
vations on Q. virginica and after reviewlng the
excellent work by Elsey (1935) on O. gigas and O.
lurida, that the circulation of the blood between
the visceral mass, the mantle, and the gills is

by no means definitely.established. There are

still a few points that are confusing; For example,
the writer finds from his observations on O.
virginica that the branches from the median branch-
ial vessel usually extend into the inner lamellae
of the two inner demibranchs. The two lateral branch-
ial vessels apparently receive branches from the
outer lamellae of the two inner demibranchs. Although
no difinite connections bétween the two lamellae
were denonstrated with any degree of regularity, it
is logical to expect that they should be there so

that the blood from the inner demibranchsvwould pass



into the lateral branchial vessels and then be
carried to the heart. This should be investigated
in greater detail.

The circulation of blood in the oyster is
briefly this: The anterior asorta supplies the vis-
ceral mass, palps, mantle, and rectum with blood,
while the posterilor aorta pumps blood to the mus-
cle and, to_some extent, to the rectum. Blood from
the deeper portions of the visceral mass and the
muscle is taken to the median branchial vessel,
while the blood from the gonads and the outer por-
tion of the visceral mass passes first to the renal
organ and then to thé median branchial vessel.
Blood from the pallium is pumped into the vessels
of the puter lamellae of the two outer demibranchs
and then to the pallial vein. In the gills, the
blood from the median branchial vessel is passed
through the gill lamellae and then into the two lat-
eral branchial vessels. The two lateral branchial
vessels empty into the paliial vein; which in turn

empties into the auricles.



EXCRETORY 4ND REPRODUCT IVE SYSTELS

The excretory system consists of a palre
ed structure, the organ of Bojanus (P.P.C. Hoek,
1882) or as it-has more recently been termed, the
renal organ (Orton, 1937). It consists of two sets
of branching tubules on the right and left sides of
the visceral mass, emptying into a larger tubule on
the ventral edge of the adductor muscle (fig. 3).
There are also a few branches emptying into the main
duct from the posterior border of the catch musck
(Orton, 1937 on Q. edulis). Numerous blood sinuses
in the visceral mass empbty into the renal organ
thrbughout its entire anterior portion. Posteriorly,
the renai organ connects with the median pallial
vein., '

P.P.C+ Hoek (1882) described a urogenital
opening on the anal procéss, 1lnto which both the
renal organ and the gonad ducts empty. Such-a
structure was not_observed by the writer on_Q.
virginica. The genital'duct, was however seen to be
in Qommunication with the left suprabranchial chau=

ber.



The genital organs are paired structures,
one on the right and one on the left side of the
visceral mass. They are situated just nedial to the
renal tubules. The two parts are connected by numere-
ous anastomosing and branching tubules that increase
in complexity as they approach the posterioventral
portion of the animal (Bourne, 1889-900). The genital
organs of both male and female are identical, con=
sisting of two main ducts collecting from a series
of small, branching tubules. The terminal ends of
these tubules are enlarged during the breeding sea-
son to form lobes of gonadal structures. The active
proliferation of the sperm and the egg cells occurs
at these terminal portions. At the points where the

gonadal cells are being formed, there is no epithel

1al wall as there 1s in.the actual gonad ductss The
condition of these tubules is very similar to that
found in the mammalian testis. The portion actively
proliferating ﬁhe sexual gametes has no epithelial
wall other than the spermatagonia or olgonia. In
the oyster, however, there very often is a portion
of the tubule, near one of the ducts, that has

ciliated cuboidal epithelium on one side and the



germinal epithelium on the other. At no point a=
long their course do the gonad ducts extend into
the deep tlssue of the visceral mass. They are sit-
uated just beneath the surface, medial to the renal
tubules, and lateral to the lobes containing the
gonad cells. The gonad ducts and lobes extend posw-

teriorly into the oral processe.



NERVOUS SYSTEII

The nervous system of the oyster con-
sists of two large paired ganglia; the cerebral,
situated ventral to the esophagus, and the viscer-
al ganglia between the muscle and the oral process.
These two ganglia are connected by two comnissural
fibers, the cerebro-visceral comnnectives (Orton,
1935)., The cerebral ganglia supply the visceral
mass with numerous gnall branches, and give off the
two large circumpallial nerves that follow the cir=-
cumpallial arteries., The nerve along the posterio=
ventral border of the catch and adductor muscles is
a branch of the visceral ganglia. The visceral
ganglion also gives off a large branch that passes
laterally to the oral procéss and extends to the
gills. Here 1t forms a large nerve trunk running
parallel to the median branchial blood vessel., In
addition, there is a large nerve that extends along
the dorsal border of fhe visceral mass., Its origin
wes not definitely ascertained, but it appears to
be a branch of the visceral ganglia.

The nervous system of the oyster is not
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very complex, but it is rather difficult to demon-
strate., Neither nitrie acid nor chloral hydrate-
glycefin-haematoxylin penetrated deeply enouth to
show all the nerve bundles. Since other authors |
give only a limited description of the nervous sys-
tem, apparently the& encountered the same difficul=
ty. A more detailed description is needed, but it
is dependent upon the development of a suitable
technique for staining nervous tissue fibers in

toto.



PART V
HISTOLOGY



PALLIUM

Excellent accounts of the histology of
the pallium have been published by Rawity (1888) on
0. edulis, Kellogg (1892) on Q. virginica, Leenhardt
(1926 ) on Gryphea angulata, Elsey (1935) on Ostrea

lurida and Ostrea gigas, and Nelson (1938) on 0.

virginica. Little further information can be added
to these papers, but a brief resume will be made of
the microscopic anatomy of the pallial lobes,

The ma jor portion of the pallium consists
of a mixture ofyloose vesicular connective tissue,
interspersed with blood vessels, muscle fibers, and
nerves. liost of the:-blood vessels are branches of
the circumpallial artery, while at the distal edge
of the pallium, the nerves are branches of the cir=
cumpallial nerve. The other pallial nerves, of
which there are four pairs, are branches of the
visceral ganglia. Branches of the circumpallial
nerve can be:seen extending to the tips of the
larger tentacles (Elsey, 1935). Kogita (1932)
found five pairs of pallial nerves branching from

the visceral ganglia of O. circumpicta. Elsey (1935)
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found only four pairs’supplying»the»pallial lobes

of O.-lurida and O. gigas. These nerves branch re-
peatedly, their branches anastamosing with each
other, formlng a network of nerve fibers. At their
distal ends, they join to the circumpallial nerve.
This.is continuous around the free edge of the
mantle (Elsey, 1935). liuscle cells can be seen to
run radially, transversely, and concentrically. The
concentric muscle is confined to the edge of the
pallium and runs parallel to it. The transverse
muscle runs through the connective tissue, apparent=-
ly connecting the two opposite surfaces of the pal~
lial lobe. The radial muscle has its origin on the
ventral border of the adductor muscle and 1s insert-
ed at the distal edge of the pallium (fig. 12). A~
bout midway along 1ts course it branches repeated=
ly, one series of branches going to the lateral sur=
face, and the other going to the medial surface

" (Helson, 1938). Large groupé of muscle fibers can

be seen to have a largé nerve imbedded in thelr mass.
The muscle fiber bundle 1s enclosed in a large
blood sinus (Elsey, 1935). The ridges seen on the

mantle are caused by these blood sinuses and groups
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of muscle fibers (Rawitz, 1888). |

The pallium of the young oyster is more
highly vascular than that of an adult (Elsey, 1935).
Furthermore, in an oyster about two centimeters
long, the right pallial lobe 1ls very much more vas-
cular than that of the left. Since young oysters are
known to use their pallial lobes as IBSpirétory or-
gans (Hopkins, 1934; Elsey, 1935), this fact scems
to beaf out Nelson's (1938) contention that the
promyal chamber receives a largé~part of the water
passing through the oyster.

The epithelium of the lateral surface of
the pallium is divided into two regions. In the
portion nearest the distal edge, the epithelium is
heavily ciliated and thrown into & series of folds
(fige 15). Numerous mucous gland cells are present
(fig. 13). The epithelium of the lateral surface,
nearer the median portion of the animal. is some =
what higher and thrown into a great meny very small
folds. The epithelium has a slightly cuticular sur-
face and a faint basement membrane. It rests on a
layer of elastin-like connective tissue, under which

is a layer of longitudinal ruscle. The layer of con-
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nective tissue is heavier near the central por-
tion of the pallial lobe. .

The epithelium of the medial surface has
a very dirferent appearance from that of the later-
al avea (fig. 14). It is folded into a series of
Qery small troughs or ridges. These run concentri-
- cally around the pallium and constitute a series
of small chamels running parallel to the inner re=
jection trough, a small shelf of tissue just at
the base of the pallial curtain. The epithelium at
the proximal border shows low columnar cells. These
get smaller distally, finally becoming cuboidal on
the pallial curtain. The medial epithelium shows
fewer mucous cells than the outer epithelium except
in the region of the palps. Here there 1s a wealth
of mucous cells, rivalling that of the outer pallial
surface. The epithelium has a cuticle and basement
membrane, and rests on a thin layer of connective
tissue,

The epithelium of the medial surface runs
into the'pallial curtain. On the inner surface of
the pallial curtain, the epithelium becomes a low

columnar to cuboidal. The cilia are much longer '
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than those on the rest of the pallium. Mucous
gland cells are numerous, both in the epithelium
and in the connective tissue just beneath the
basément membrane ., The epithelium on the outer
surface of the pallial curtain 1s not so heavily
cillisted and does not contain as many mucous gland
cells as does the inner surface. At the base of
the pallial curtain, on 1ts outer side, there is
‘a-large gland, probably mucous-secreting in func=-
tion (Nelson, 1938). The cells referred to as

- mucous gland cells stain a brilliant red with
mucicarmine (fig. 13),‘showing that mucin is defi-

nitely thelr secretion.,
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GILLS

‘The microscopical structure of the gills
has been and 1s a favorite subject for investiga-
tion, This structure, more than any other in the
oyster, has been often and completely described; so
much so that there has been much repetition of
material. In order to make this paper a complete
summary, a little further repetition will be necesg=~
sary. lore complete details of gill_strgcture in
different species will be found by reference to
Kellogg (1892), Ridewood (1903), Yonge (1926-b),
Galtsoff (1928), and Elsey (1935).

» Histologically, the gillstarevcomposed of
three parts: the outside epithelium, the supporting
tissue.(conngc;ive tissue, chitinous rods, blood
vesselé, etc,),_and the inmer lining of the water
tubes (fig. 16). The outside epithelium is composed
of columnar cells from 15 to 20 micra- in hélght and
4 to 6 micra in width. It covers completely the out=-
side surface of the gills. There are three distinct
types of filaments, (folds involving the epithelium

and connective tissue) found on each plica: the
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principal, transitional, and ordinary filaments
(figs. 17 and 18). There are usually two transition=-
al and nine ordinary filaments per élica ?n.Q'

- virginica. The grooved prindipal filament is sit-
uated between adjacent plicae. Ridewood (1903) re=-
ports 9 to 12 filaments for O. edulis, while Elsey
(1935) reports 11 to 17 in O. gigas and 4 to 10 in
O. lurida. 0. virginica was seen to vary from 9 to
12 filaments per plica, but the majority of plicae
had 1l. The principal filament in Q. virginica is
broad and flat, usually about 100 micra wide and

not more than 30 micra high. This condition is simi-
lar to that found in O. gigas (Elsey, 1955), but
difrers vastly f rom the condition in O, edulis
(Yonge, 1926-b and Ridewood, 1903). In O. edulis, the
principal filament %s very tall, and not short as
in Q0. virginica and O. gigas. In O. virginica it 1is
characterized by a,prohounced gvdove in its center.
The whole surface is heavily ciliated, The cells
have rougly spherical nuclel which rarely exceed

10 micrae in diameter. The chitinous bars just under
the epithelium of ﬁhe principal filament are shortg,

thick, and triangular in shape, Muscle fibers run



between the two chitinous bars, between the'bars
of the principal and‘transitional filaments, and
occaslonally, from the bars into-the underlying-
vesicular connective tissue. Just beneath the prin-
cipal filament,‘bordering tne water tube, or im-
bedded in the connective tissue, there is, some =
times, a small bundle of veftical muscle (Yonge,
1926~-b). There are also chitinous bars extending
from the principal filament to the>transitional
filament, termed by Elsey (1935) "skeletsl cross-
bar," Similar cross-bars can be observed between
opposing lamellae_of adjacent demibranchs.

Two zones of-cilia are visible on the
principal filament: the frontal cilia, in the re=-
gion of the frontal groove, and the lateral_cilia
at the edges of the filament. With the exceptilon af
the small cells constituting the grooves of the
filament, the epithelium is from 15 to 16 micre in
height . No secretorj cells were observed. Beneath
the chitinous rods andAtherepithelium,:thqre is no
visible layer of connective tissue fibers. Instead,

the chitinous rods are imbedded directly in the
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vesicular connective tissue. They apparently take
the plaée-of the connective tissue fibers usually
found beneath the epithelium. - ‘

The transitional filaments, the filament
adjacent to the!prinqipai filaments, are long and
triangular (fig. 18). They are normaliy as long as
their width at the base, usgally'about;60 micra.
Thelr chitinous rods vary from 30 to 60 micra in.
length and from & to 10 micra in thickness. Muscle
fibefs connect the two rods to each other and to
rods of the adjacent filaments. The epiﬁheliumrvaries
in heighp’from 10 micra at the base of the f ilament
to 20 micra at the apex. Frontal cilia and lateral
cilia (fig. 46), are very short, rarely exceeding
5 micra in length, although some observed were al-
most 8 micra long. Mucous gland cells rarely occur
on the transitional fllaments. ‘

The ordinary fi1aments, making up the rest
of the~plica (fig. 18), are about the same length
as the transitional fillament, but a little narrower.
There is-a slight tendency for these filaments to
become slightly elongated toward the apex of the

plica, but this veriation, if present, rarely ex=
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ceods 10 micrae. The apical ordinary filament, une
like the others, is considerably broader at its a=
pex than at its base. This gives it a club=-shaped
appearance, its base being 30 micra.wide, while its
apex is often 80 micra wide (fig. 18). The epithele
ium of the ordinary filaments is similar to that - of
the transitional filaments. The chitinous rods are
very slender,'always under 4 micra wide. In addition
to the frontal and the lateral cilia, the latero=
frontal cilia along the angular portion of the fila-
ment can te distinguished (Ridewood, 1903). The
cilia are'shoft, usually considerably under 10 micrea
in length. Mucous glands are numerous at the apices
of the ordinary.filamenta,hbut more prevalent on
those filaments at the apex of the plica.

~ Between the filaments, there are numérous
openings, the ostia ( fig. 18), leading into a small
tube within the filament. This tube is limed with
simple cuboidal epithelium. This occasionally ap=
pears to be ciliated, but no- definite ciliatilon poﬁld
be demonstrated with- any degree of- certainty. The
tube leads into a water tube between the gill lamellae.

Here again, the epithelium is simple cuboidal anmd in



isolated spots,.appargntly,fciliated. Ridewood
(1903) and Yohge~(1926-b) reported abfrontal cilia
in the epithelium of the water tube. These cilla
are found opposite the principal filaments.vThey_
are probably the structures that cause the ciliat-
ed appearance at various points. If there are
cilia in Q. virginica, they are small, not over 5§
micra in height.



=80~

PALPS

The histology of the palps, although re-
latively simple, has never been described for 0.
virginica. Yonge (1926-b) described it in 0. edulis.
The two are very similar. There are two surfaces to
the palp, differing from each other, morphologically
and histologically. The_inner surface consists of a
series_of radiating folds that appear as faint stri-
ations to the naked eye. In Q. virginica, the aborad
side of these folds have small microscopic channels
running concentrically, with the base of the palps
as the center and the larger folds as fadii (fige
19). These channels, often as much as 60 micra deep,
are formed by groups of columnar cells that are low-
er than those surrounding ﬁhe excavations. The chan-
nels are deeper and mors numsrous as the folds ap~
proach the mouth. (Yonge (1926-b) reports one such
channel per fold in 0. edulis, but, in 0. virginica
there are often two and océasionally three on a

single fold. The large folds lean in the direction

of the mouth. The epithelium on the oral side is fair-~

ly regular, ranging from 30 to 40 micra in height.
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The cells are approximately 3 to 4 micra wide. At

the base of the fold, the epitheliﬁm becomes somew~
what lower and 1s often less than 15 micra in

height. The nuclei range from spherical to ellip-
soidal and are seldom over 8 micra long. Cilia are
small and numerous, ranging from 10 to 15 micra in
lengthe. On the aborad side and the apex of the fold,
the cells, excluding those in the pits of the epi=~
thelium, are varying in height, ranging from 40 to
almost 80 micra. In the epithelial pits, the height
is often less than 20 micra. Nuclel and cell width
are similar to that of the orad side, but the cilia
are much longer, often 40 micra in length. The epi-~
thelium on both sides of the palps has a thin cuticle
and basement membrane. It rests on an extremely thin
layer of elastin-like connective tissue, which is in-
terspersed with very delicate, spindle-shaped, smooth
muscle cells. Yonge (1926~b)-makes it a particular
note (on Q. edulis) "that there are no nuscle cells
within the folds such as could cause it.to contract
downwards."'The author, however, observed numerous
very slender, spindle—shaped_célls with an elongat=-

ed, finely chromatic nucleus. This was assumed to be



smooth muscle. These same cells are also found in
almost all parts of the digestive tract. Just be=-
low the epithelium of the furrow between two folds
is & small bundle of longitudinal smooth muscle
(Yonge, 1926~b). Phagocytes are numerous, and muc-
ous cells, although present, are sparse and scatter-
ed. Beneath the epithelium, the palps are made up

of the typical loose, vesicular connective tissue
found in the interlamellar tissue of the gills and
in many other reglons of the oyster.

The outer surface of the palps 1is very
different from the inner surface. No folds are present,
the cilia are shorter, and the cills are smaller and’
more regular, with an occasional varlation in cell
height (fige. 20). The cells range from 18 to 20 micra
high and from 3 to 4 micra wide. Nuclel are oval and
about 4 micra long. Cilia are very delicate and some~
what under 5 micra in height. ?heir presence was
doublted at one time, until Yonge (1926-b) demonstrat-
ed thelr existence on living material. A slight |
cuticle and basement membrane are visible. The epli~-

thelium rests on a layer of elastic connective tissue
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fibers. Beneath and running through this layer, is
8 layer of longitudinal smooth muscle (Yonge, 1926-
b). Underneath this is the vesicular connective tise
sue described above. llucous cells in the epithelium
are extremely numerous, more so than in any other

region of the body.



DIGESTIVE TRACT

Thevepithelium of the digestive tract is
typical, there being no similar structure at any
other place in the animal. The cells are, without
exceptlon, tall columnar, being very much taller
than they are wide. All cells, including those un=
der the gastric shield, are ciliated and have a
more or less cuticular distal surface., The epithel=-
ium rests on a layer of connective tissue that may
or may not be interspersed with smooth muscle dells.
Throughout most of the epithelium, it is possible
o see numerous phagocytes in the act of goiﬁg through
the eplithelial wall, either to or from the lumen (fig.
23).

The mouth im Ostres virginica differs some=-

what from O edulis in that it 1s continuous with the
cavities between the palps for a short distance. At
the point where 1t ceases to be contlnuous it leads
into a slit~like esophagus. There is a definite
break in the epithelium at the junction of the mouth

and palp surfaces (fig. 21). The epithelium of the
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palps 1s not so columnar as that of the mouth and

is thrown into numerous folds and ridges. In addi-
tion to this differentiation, the two surfaces of
the mouth differ slightly} The portion confinuous
with the medial surface of -the inner palp 1s sparse-
ly ciliated in the region adjacent‘to the palp. The
cliliation of thié surface becomes heavier, and the
cilia much longer toWard the median portion of the
mouth. The cilia of the latter partion are very long,
ranging from 75 to 100 micra in length, while the
cilia in thé region nearest the inner palps are on-
ly 30 to 50 micra in length. The ciliation of the
opposite side of the moubth is exactly the reversee.
At the junction of the_mouthAgnd the outer palps,
the cilia range_ffom 80 to 100 micra in length, while
in the median dorsal region of the mouth they are
very sparse»andréomewhat under 60 micra long. The
mouth beiﬁg continuous with the cavities between
bosh palps, any reference to its proximity to a palp
surface, means both the left and right palps. Ap=-
parently,‘although this has not been determined ex-
perimentally, the lateral cilia in region near the

palps beat toward the median portion of the moutha
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Here, the cilia beat in the direction of the esopha-
gus, thuS»éstablishing a current directly to the di-
gestive tract.

From .a cursory examination, the epithelium
of the mouth, as most of the epithelium of the di-
gestive tract, appeérs to be pseudostratified (figse.
21 and 22). This, however, is not the case. The cells
are so thin that it is almost impossible to obtain
a sectlon where there is only one layer. The epithel=-
~ium is actually conmposed of simple coliuumnar cells,
some of which sare so narrow that there is a definite
bulge in the region of the nucleus (fig. 23). Because
of this, the nuclei ofvadjacent cells are seldom ab
exactly the same level, usually being staggered, thus
énhancing their pseudostratified appearance.,

The epithelium of the mouth adjacent to
the outer palps, at the point where ciliation is the
heaviest, is composed of tall comwmar cells (fig. 21),
renging from 80 to 100 micra high and about 3 micra
wide . The nuclei of}these cells stain darkly with
haematoxylin and appear to be composed of very fine
chromatin granules, lothing that could possibly be i-

dentified as a nucleolus was visible, although many



- of the nuclel had a clump of chromatin that strong=-
ly suggested such a structure. The nuélei are ellip=~
gsoldal in shape and vary somewhat in size. The av-
erage, however, is about three micra wide and six
micra long. The nuclel are usually situated in the
proximal two-thirds of the epithelium, at varying
levels. As the epithelium of this, the dorsal side
of the mouth (portion continuous with outer palps),
approaches the medial region, it beéomes considerably
lower, measufing only about 30 to 50 micra. It is at
this point that the cilia on this side of the mouth
are the smallest. These measurements were taken at
the anterior end of the mouth. It was found that as
the mouth approached the esophagus, the epithelial
height and the cilia length of the median and lateral
- portions became more nearly equal in size.

Referring again to the anterior region of
the mouth, the portion continuous with the two in-
ner palps (ventral portion) is found to be composed
of a fairly unifom epithelium, about the same size
as the opposite side at its highest point (fig. 21).
There are regions where the epithelium dips down due

to clusters of smaller cells. These small cup~like



excavations do not affect the basement membrane
and are not folds. They are scattered throughbut
the epithelium at irregular intervals, on both the
dorsal and ventral sides of the nmouth.

In all regions of the mouth, the epithel=
ium has a cuticular structure at its distal border
and a definite basement membrane resting on a layer
of connective tissue fibers. These fibers somewhat
resemble the elastic fibers found in mammalian tis-
sue. Re Ae Carsley, another investigator in this
laboratory, is at present investigating their struc-
ture in more detail. Smooth muscle cells are scatter-
ed throughout this connecgive tissue layer, usually
running in a circular fashion, as does the connective
tissue fibers. Occasionally, one of fhe connective
tissue fibers can be seen to extend into the epithel~
ial layer and apparently anchor itself between the
cell membranes of two adjacent cellse. |

At the distal end of the cells, the basal
filaments of the cilia extend from the blethroplasts
‘giving the cells the appearance of having a striated
border (fig. 22). The basal filaments come together

to form a thick, thread-like structure a short dis=
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tance from the cuticular border. Thus, there 1is
formed a fan=-shaped structure of cytoplasmic fibrile
lae with the wider poftion starting at the blethro=-
plasts, just under the cuticle, and terminating a
few micra distad of the cuticle. The thread formed
by these filaments extends down to the nucleus and
appears to coursd along the edge of the nuclear mem-
brane. It extends deep into the cell, terminating
in a small fan-shaped ciliary root extending into
the bagment membrene » The ¢cilia are long and slen-
der, tending to clump together after fixation. This
gives the appearance of a flagellum rather than a
row of cilia (figs. 22 and 23).

Scattered throughout the epithelium are
a few large granular cells, apparently secretory in
nature . These granular cells stain a bright red
with eosin and correspond to the eosinophilous cells
of Herdmann and Boyce (1899). The exact function of
these cells is not definitely understood . Their
structure, and possible function will be discussed
later in this paper.

The epithelium of the esophagus 1s compos-

ed of alternate -groups of high and low cells (fig.
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24). The wavy outline of the peripheral edge is
independent of the basement membrane. This condition
is very similar to that seen in the mantle (Nelson,
1938), but the excavations are far more numerous
(fig. 24). This differs considerably from the con=
dition in Q. edulis(Yonge, 1926~b) where the lumen
of the esophagus is perfectly smooth and lacks the
crypt-like excavations found in O. virginica. O.
virginica possesses a prominent basement membrane
resting on a layer of connective tissue fibers in-
terspersed with both longitudinal and circular mus-
cles Yonge (1926-b) makes no mention of such a con-
nective tissue layer in O. edulis.

The cells in the epithellal excavations
range from 45 to‘60 micra in height, while the rest
of the cells are from 60 to 100 micra high.‘The cells
in both cases average from 3 to 5 micra in width, at
their widest point. The shape of the nuclel varies
considerably, ranging from a small round structure
about 3 micra in diameter to a large ellipsoidal
structure almost 8 micfa long. They are situated in
the lower half of the epithelium (fig. 25), leaving

the peripheral portion clear and hyaline
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The cilia are very similar in structure
to those found in the region of the mouth. They
are, however, considerably smaller, being approxi-
mately 30 mic ra long. The ciliary mechanism is i~
dentical. The basal filaments and blethroplasts al-
though not so pronounced, occupy the same position
in the cell. The free surface of the epithelium
shows little evidence of any modification, although
Yonge (1926-b) described a cuticular surface for all
the ciliated cells in 0. edulis.

Granular secretory cells are present in
the esophagus, but not in any great quantity. There
are, however, numerous goblet-like cells that appear
t0 be either vacuolated or devoid of their secretion
(fig. 25). Similar cells are described by Gutheil

(1912) on Anodonta cellensis and Yonge (1926-b) on

Ostrea edulis. In Ostrea virginica these goblet-like

cells seem to be more prevalent in the excavations
of the epithelium, although a great many are found
among the taller cells. These cells resemble very
closely the goblet cells found in the rectum of mam-
mals. Some of the secretory cells have bright red

granules, whilé others have dark brown or black
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basophilic granules. Yonge (1926-b) found that these
are merely different stages in the same type of cell.
In the region of the stomach, there are
two distinct epithelial types. One is found just une
derneath :the gastric shield, while the other is
found surrounding the rest of the lumen. The typical
epithelium of the stomach is uniform and regular,a-
bout 50 to 60 micra in height and about 4 to 5 micra
thick (figse. 26 and 27). The cells have a very
definite cuticular border approximately 3 micra
thick. The nuclel are ellipsoidal and situated ap=-
proximatély in the center of the cell. In_g..zlg-
ginica they are not in a straight line as Yonge
(1926-b) illustrated them in O. edulis. Possibly the
best way to describe them is to say that they are
clustered or bunched in a straight line in the middle
of the epithelium (figs. 26 and 27). The cilia are
short and slender, being about 20 to 25 micra in
length. The ciliary mechanism, although not so clear-
ly wisible as that of the mouth and the esophagus, is
very similar. A definite basement membrane is present,
resting on a layer of elastin~like connective tissue

fibers. This layer of connective tissue is interspers-
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ed with circular muscle cells. 4 similar obser-
vation is made by Yonge (1926-b) on 0. edulis. The
layer of connective tissue fibers is variable. it
some points it 1s so thin as to be almost negligi-
ble, and at other places it is almost 10 micra
thick. No definite distribution of it was ascer-
tained, except that it is usually thickest under

the gaétric shield.
| The epithelium under the gastric shield

is very different from that described above. The cells
are large, uéually over a hundred micra in height,
and very narrow, seldom over 2 to 3 micra thick (fig.
28). The nuclei, apparently following the éhape of
the cell, are zbout 3 micra wide and almost 12 micra
long. The cytoplasm of the cell is much clearer (al-
most hyalin in nature) than that of the‘adjoining
epithelium. There 1is avcuticle gnd a basement meme
brane present, as in the other épithelium. In addi-
tion, in O. virginica thers are cilia. Yonge (1926~
b) noted the absence of cilia under the gastric
shield in (. edulis. Instead, he described "fine
strands having the appearance of cilia and érising

from basal granules at the edge of the cells."
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These fine strands areldescribed as connecting the
epithelium to the gastric shield. In O. virginics,
there appear to be definite cilia, imbedded in the
laminated gastric shield, The cilia are very long,
extending into the shield for quite a distance. Ber-
keley (1935) foﬁnd that the gastric shield is com=-
posed of chitin. If such is the case, it is apparent
'that the.chitinous substance is secreted by the e-
longated cells and imbeds all the cilia in that re=-
gions The imbedding of the cilia acts as a means of
anchoring the shield to the epithelium. The space
between the gasﬁric shield and the epithelium (fig.
28) is about 2 ﬁicra thdck. This space might pos-
sibly be due to cytoplasmic shrinkage caused by
fixation, but measurements were made on tissue fix-
ed in Bouin's fluid, a fixative that gives a mini=~
mum of shrinkage in oyster tissue. The cilia seen
in this space are clumped in exactly the same
fashion that we find those of the epithelium previous-
ly described.

Scattered throughout the'epithelium are
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numerous eosinophilic secretory cells. Yonge (1926)
desceribed these as mucous cells, but they do not
stain either wiﬁh mucicarmine or thionin, two stains
specific for mucin. With mucicarmine, they exhibit

a slight reaction, turning siighﬁly pinkish, but not
enouth to consider the results valid. Herdmann and
Boyce (1899), taking another side of the issue, de-
scribed a similar cell in the epithelium of the
mantle as a wandering'cell. These cells in the mantle
and the gills give a very definite reaction with
mucicarmine, staining a bright red, showing that they
contain mucine. Some of the eosinophilous cells in the
stomach epithelium.caﬁ“be seen to protrude a little
beyond the cuticle, thus giving the impression that
they are going through the epithelium. On the other
hand, most of the evidence points to the fact that
they are stationary elements of the epithelium and
not wandering cells. First, no nucleus can be seen
in the granular portion of the cell. Second, there are
no cilia visible in such a cell, pointing to the fact
that 1t is modified for a definite purpose. Third,

many of these cells can be observed actively pouring



their secretion into the lumen. The last, ahd_pos-
sibly the most conclusive evidgnce is the distribu-
tion of these cellse. They are found in definité parts
of the digestive tract, and not found in others. In
the stomach, they are found in 8ll parts of the epi-
thelium, except under the gastric shield usually ap-
pearing in groupse.

‘ The epithelium of the food gérfing caecum
ig similar to that of the stomach. It coﬁsists of
tall columnar cells about 60 to 90 micra in length
and not more than 4 to 5 micra wide. The nuclei,
situated approximately in the middle of the cell, as
in the stomach, are eilipéoidal. The cilia in the
caecum are small, ranging from 10 to 15 micra in
length. The cuticle is even more definite than in
» the stomach, appearing as a faintly striated border,
just distad to the blethroplasts, about 3 micra thicke
Scattered throughout the epithelium are many eosino=
philic, a few basophilic, and no vesicular secretory'
cells. As in the stomach, these secretory cells tend
to appear in clumpse.

Extending from the stomach are two large
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ducts that communicate with theAdigestive diverti-
cula by means of a serles of smaller branching tubules
(fig+. 29). The epithelium of the two large ducts is
identical to that of the stomach. As the large ducts
branch a few times, changes begin to appear in the
epithelium. In the larger tubules, little difference
can be noted, except a shortening of the cilia and
either the absence of or scarcity of smooth muscle
cells. In such a tubule, the epithelium is under 60
micra high and about 4 to 5 micra wide. The nuclsi
are jammed together in the proximal third of the
cell layer. They are not, however, so close together
as they usually are in the stomach. Gilia about 10
micra long extend through a dutidle about 2 micra
thick. The lumen is regular without any excavations
in the epithelium. In cross-section it appears round.
Numerous secretory gland cells can be'found scatter-.
ed throughout the epithelium.

Following the tubule, until it branches
several»times, other changes are seen to take place.
The most conspicuous of these is the size of the

cells. The height of the epithelium has decreased,



until it now averages approximately 30 micra in
height . The cuticle remains constant in thickness
at 2 ﬁicra,'while the cilia remain at 10 micra in
iength. The nuclel are round to ovoid, being usually
about 4 micra in diameter and have a very prominent
nucleolus. They are situated a little distad from
the basement membrane and are arranged in a straight
line . The basement membrane is not very prominent
and’rests on a thin layer of connective tissue fi=-
bers. No muscle cells can be obsefved in this layer
of connective tissue. Sprinkled throughout the epi-
thelium of'all the tubules are a gieat many eosino-
philic, granular, secretory cells. They are very large,
often over 20 micra long and 10 micra wide. In &
few lnstances, the secretory portion can be seen to
have pushed a round, darkly stained nucleus to theA
bottom of the cell. There are occasion;lly empﬁy
goblet cells, simllar to those described in connection
with the esophagus. There are few, if any, basophilic
granular secretory cells,

At the ends of thesé tubules ére the dle-
gestive diverticula (fig. 29), that constitute the

functional part of the whole structure (Yonge, 1926=-



a and 1926~b). The lumen of the diverticula have a
rather singular appearance, being shaped somewhat
like an "X" or a "T", This shapé is caused by the
distribution of two different types of cells. There
are large clear cells with oval granules, staining
yellowish with orange G, and smallef, darker cells
that have a slight tendency to take basic stains.
Both cells contain numerous vacuoles. The large
cells, termed the "old" cells, make up the high
points of the epithelium, while the smaller, dark=-
ly staining "young' cells are found in the”crypﬁs
of the epithelium (Yonge, 1926-a and 1926-b). There
are four large crypts and four high spots in each
of the tubules; giving it an "X"=shape in cross=-
section. The basement membrane does not follow the
outline of the epithelium, bt is almost round (fige.
29). The cells have no cuticle, but occasionally,
one has the appearance of being ciliated. Yonge
(1926~b) found that no cilia can be seen in sections
of the digestive diverticula. Similar observations
were made by Carrazzi (1896, 1897), laciiunn (1900)
and Vonk (1924). Both Potts (1923) and Yonge (1926)
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have observed the beating of cilia in other
lamellibranchs and since retractile cilia have
been observed in Ostrea and other related genera,
Yonge (1926-b) concluded that retractile cilia are
found in the digestive diverticula of all lamelle
- 1branchs. These digestive diverticula are imbedd-
ed in a loose, vesicular connective tissue, the
prpperties of which are being further Imvestigated
by workers in this laboratory. |

Upon staining the visceral mass with
Bauer-Feulgen technique (Bensley, 1939), a modifi-
cation of Schiff's reagent, it was found that not
only did the vesicular connective tissue surround-
ing the tubules contain glycogen (figs. 30, 31, 32,
and 34), but also the tubules themselves (fig. 33).
The glycogen was present in both the diverticulas
and tubules. It appears in small thin pockets
usually at the periphery of the cells. Glycogen
pockets are more prevalent in the larger cells, the
so-called "old cells" (Yonge, 1926-b). Yonge (1926;
b), using the iodinebmethod for the detection of
glycogen, reported no glycogen in the epithelium in

0. edulis. It was found in this laboratory that io-
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dine gave negative results in cases where Bauer=-
Feulgen would give positive tests. Bensley (1939)
suggests Bauer-Féulgen stain as superior to either
Best's carmine or iodine. In addition, the fixative
used was one that woul& allow the least glycogene-
olysis to take place. It 1s altogether possible, af=-
ter consldering all these factors, that the test
ﬁsed by Ybnge in‘1925 was not qulte sensitive e-
nough. When a saliva digested control was stained,
it was found that no red staining substance was
present in the epithelium. Instead, there was a red
substance in the lumen of the tubules (fig. 31).

The formér showed a confirmatory test for glycogen,
while the latter demonstrated a substance, the chem=-
ical composition of which the writer does not knav «
Although a red stain was demonstrated in the tubules
before salivary digestion, it was not nearly so
definite nor so profuse as that material stained
after digestion. The Bauer-~Feulgen technique‘is es=-
sentially a modification of the Schiff reagent for
aldehyde tests. It was at first thought that the
saliva was;ﬂigestﬂﬁg the plant meterial in the

tubules to an aldose sugar, but the Schiff reagent



does not react with sugars. It does however, react
with amino acids, phenols, and a few other compounds.
Apparently, there is some smino-carbohydrate (glu=
cosamine, aminohexose, or some similar compound)

that is present in the tubules. It is possible tikm t
the ptyalin, present in the saliva; hydrolyzes the
compound, freeing the amino group from the carbo=
hydrate carbon chain, thus causing the color forma-
tion with Schiff's reagent.

The epilthelium of the style sac has a
very different appearance than the epithelium of
the rest of the digestive tract (fig. 37). It is
composed of very regular columnaf cells, from 50 to
éO micra in height and 5 to 6 micra wide. The
nuclel are oval shaped and about 4 micra wide. They
are arrangsd in a comparatively straight line in
approximately the middle of the cell (fig. 36).
Nuclear and cell membranes are very delicate, as
they'are in the rest of the digestive tract. The
cilia are short and stout, approximately 25 to 30
micré long on thé sides of the style sac adjacent to
the typhlosoles of the midgute On bhe portion Fare
thest from the midgut,_the cilia are slightly lone
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ger, being from 30 to 50 micra in length. The epi=~
theiium has a very pronounced cuticle and basement
membrane. Ib rests on a thin layer of connective
tissue fibers. No muscle cells are visible at any
point around the style sac. The epithelium of the
style sac, although continuous with that of the mid-
gut, is very dissimilar, and at the point where
they join, there 1s only a slight transition, if
any (fig. 39). The blethroplasts in thé cells of
the style sac lnstead of being in a straight line,
as they are in the rest of the digestive tract (fig.
23), describe an arc at the distal end of the cell.
In addition, these blethroplasts are over twice the
size of any other similar structure in other regions
of the digestive tract. The basal filaments are much
thicker than those previously described amd join to
form a single filament much deeper in the cell. Aside
from these few differences, the ciliary meéhanism is
essentially the same.

‘There are very few mucous cells in the
étyle sac; so few indeed, that it was at first thought

there were none at all present. However, upon staining
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with mucicarmine, a great many of the cells took

on a slightly pinkish hue, showing that mucous was
probably present, but in very dilute quantities.
Upon staining with Regaud's haematoxylin, follow-
ing Regaud's fixative, numerous basophilic bodies
are seen, not only in the cell, butvalso congregat-
ed in definite lines outside the cell, imbedded
among the cilia. Although List (1902), Nelson (1918),
Edmondson (1920), and Mackintosh (1925) are of the
opinion that the major typhlosole secretes the style,
this evidence of a secretion in the style sac itself
seems to support the contention of Gutheil (1912),
and Yonge (1926&b) that the style is secreted by
the cells of the style sac. Furthermore, Berkely
(1935) hés showh that the style is composed of a
mixture of chondrin and muciny the proportions of
these varying with the species. The fact that the
cells of the style sac react positively to a specie
fic mucin stain, without giving the typical mucous
reaction seems further'ﬁo prove Yonge's theory. Ex=-
aming the other points of proof: Gutheil (1912) de=-
scribes clear vesicular granules above the nuclei.

Yonge (1926) demonstrated the secretory nature by
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injecting iron saccharate into the muscle of the
oyster and then stainihg with potassium ferrocyanide
followed by hydrochloric acid. This showed very cleare
ly the same granules observed by Gutheil (1912) md
the writer. Another method used by Yonge (1926-a)
was the injection of pilocarpine. This showed that
the style sac had the only cells giving evidence of
active secretion. Yonge (1926~b) also found, as was
observed in O, virginica, that these granules are
being actively passed into the lumen, and are con-
fined to the region of the style-sac. Viewing the
evidence just presented, it appears likely that the
epithelium of the style sac secretes the style,
rather thant he major typhlosole of the midgut

At the base of the epithelium of the
style sac, there are numerous round, lightly stain-
ing spaces, apparently in the cells themselves (fig.
38). The cell membranes are so delicaﬁe and indefi-
nite, that it is extremely difficult to distinguish
between something inside a cell and something be-
tween two cells., Inéide of these canals is an area
of lightly staining chromgtin-like material, arrange

ed in the form of a spireme (also described by Macke=
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intosh, 1925, and Yonge, 1926). Mackintosh (1925)
also described smaller radial, or more likely, cirw
cular canals connecting the larger 1ongitudinal can=
als. The writer was unable to demonstrate éuch
structures in Q. virginica.ﬂmackintpsh (1925) sug-
gested that these canals are similar to connective
tissue and aid in strengthening the epithelium. The
canals are aléo found to a lesser extent in the
major and minor typhlosoles of the midgut, but soon
disappear before they reach the gut itself. Phago=
cytes can also be seen in the epithelium of the
style sac, but not in any large quantity.

The midgut is considered by Yonge (1926-b)
and other contemporary investigators as the portion
connected to the style sac, and the portion that
loops around the stomach. It 1is proposed heré; to
consider as the midgut only the region that is con-
tinuous with the style sac (figs. 4 and 6). The
part of the gut looping around the stomach will be
termed the intestine, and its terminal portion will
be considered the rectum (figs; 3, 4, and 6). The
‘midgut can be further divided into the major and

minor typhlosoles and the midgut proper. In order to
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make the descriptions clearer, the portion of the
midgut farthest from the style sac, peferred to a=
bove as the "midgut proper", will be referred to as
either the distal region of the midgut or the mid-
gut propers. The epithelium of the two typhlosoles
is slightly different from that of the distal re-
gion (fig. 40), and so the writer feels justified
in making this distinction. |

The epithelium of the typhlosoles consists
of very tall columnar cells, usually well over 80
micra in height (fig. 41). The cells of the minor
typhlosole are slightly smaller than those of the
major typhlosole. The distal region of the midgut is
composed of comparativelylow columnar cells, usually
under 50 micra in height (fig. 40). In all cases,
these cells range from three to four micra in width.
The cilia are similar to those found in the stomach,
and are 10 to 15 micra long. All cells have a thick
cuticle and basement membrane. The epithelium rests
on a thin layer of elastin-like connective tissue
fibers. llo muscle cells can be seen around the epi-
thelium;ufhagocytes are present in Eoth the epithelium

and the lumen. They are particularly abundant in the
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typhlosoles. lLiucous cells may sometimes be found in
the e?ithelium of the distal region, but they are
usually found in great abundance in.the typhlosoles
(figs. 40 and 41). Intra-epithelial canals are

found in the typhlosoles of the midgut, but tend to
diéappear in the epithelium of the distal region.
Humerous pits are present in the epithelium of the
three portions of the midgut, usually more prevalent,
however, in the minor typhlosole.

At the junction of the style sac and the
midgut there is a definite break in the cilia from
the long brush-like structure of the style sac to
the smaller, thinner cilias of the midgut. The cil~
iary mechanism is the same as that found in the
stomach.

Dorsally, the midgut appears as a small
diverticulum of the style sac, but it increases in
size, finally becomihg as large as, and often larger
thant he style sac itself.

The epithelium of the‘intestine is com=
posed of tall columnar cellg about 60 micra in
height and about 4 micra wide (figs. 42, 43, and 44).,

Humerous excavatlions can be found in the epithelium,
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similar to those of the esophagus, but not nearly

s0 numerous (fig 44). The lumen of the intestine

has a distinctive shape due to the presence of the
broad, grooved typhlosole. The lumen has the shape
of a "3" (fig. 43). This is a distinct difference
from the lumen of the rectum (fig. 46), which is

not so flat. In addition, the lumen of the rectum

is much larger than that of the intestine (figs.

42, 43, 46 and 47). Numerous secfetory gland cells,
the three types of which have been previouslj mens
tioned, can be found in the intestine. These are
especially numerous in the groove of the typhlosole.
Both cuticle and basement membrane are present. The
epitheliunm rests 6n a raﬁher heavy layer of con-
nective tissue fibers. A few circular ruscle Pibers,
are present. Phagocytes are numerous.

The epithelium of the rectum is more unie-
form and regular than that of the intestine (figs.
45 and 46), and a little lower, being somewhat Wider 60
micra in height. In the rectum, the folds of the
typhlosole havelcome together making the medial

groove deeper and less "V" shaped. The nuclei are
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found bunched together in the proximal two-thirds
of the epitheliuwm. Three types of secrestory cells
are found. They are more numerous hére than in

any. other region of the gut-(Yohge, 1926-b). Phago-
cytes are present, both in the epithelium and in
the lumen.

Throughout the digestive tract, in the various
places noted, thers are thres types 6f gecretory
cells. These have been condidered somewhat in de-
tail at different places in the histological dis~
cussion, but the various authors' viewpoints are so0
confusing that further consideration seems justi~-
fied. They have been termed mucous cells by some
investigators (Yonge, 1926-b), and even considered
to be "wandering cells" by others (Herdmann and
Boyce, 1899). Their regular distribution in various
parts of the gut points to the fact that they must
serve a definite function as a part of the epithel=-
ium, but just what this function is, is unknown. Al-
though Yonge (1926-b) designated them as mucous cells
in 0. edulis, similar structures in O. virginica show
little evidence of a mucous secretion. They give a

negative reaction with thionin and a very slight re-
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action with nucicarmine. These facts would seem
to indicate that they are not mucous secreting
cells., As a matter of féct, while there is very
little pointed evidence that they.are secrstory
cells, these cells have been observed in the act
of apparently pouring theilr secretion into the
lumen of the gut. In addition, the cells in ques~
tion very closely resembls the nucous gland cells
of the pallial lobes and the gills. These stain a
bright red with mucicarmine. Thionin was not used
on these because of thelr positive reaction with
mucicarmine, a speciflc mucous stain. Admittedly,
this 1s flimsy evidence on which to base a con-
clusion, but it is the best available. Assuming
then, thaﬁ they are secretory cells, they may be
divided into three definite types. One is ernpty and
devoid of its contents. This resenbles a typical
mucous secreting cell, from which the contents have
been removed. Secondly, there 1s 2 tear-shaped
cell, filled with large red eosinophilic granules,
usually about 1 to 2 micra in diameter. These
granules stain with most acid stains, wut most in-

tensely with cosin. The third and last type is com~
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posed of small darkly staining basophilic granules.
These granules vary somewhat in size, of'ten attain-
ing the same size as the cosinophilic granules,
averaging about 1 micron in diameter. The goblet

and eosinophilic cells are about the same size and
shape, often almost 30 wmicra long and 15 micra wide.
Ths basophilic cells on the other hand, althoush
usually as long or longer than the other two types,
ar¢ seldom wider than 8 micra at their widsst point,
and often they are much smaller. Singularly euough,
the size of the basophilic granules has a definite
correlation witﬁ the size or the whole secretory cell,
the larger the granules, the larcer the cell. There
are also numerous transitory sﬁages between the three
types. Some cells have red-brown granules of varying
shades of color; still others appear to have lost

gsome of their granules. 411 of which points to a con-
clusion that Yonge (1926-b) has deduced: that all
three cells are different stages of the same type of
cell. It appears that the cell starts as & long thin
cell, extending aliost to the basemernt menbrane. The
first granules secreted are small, darkly staining,

and basophilic. As the granules become larger, so
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does the cell. The larger granules tend to group
themselves near the distal border of the epithe-
1ium, although sometines the cell does extend through
the whole height of the epitheliw:. As the granules
become lerger, the basophilic tendency becowes cor-
respondingly reduced, until they finally are acido=-
philic. The next stage is the actual secretion of
the granules. This lecves behind an empty, distended
cell, corresponding to the goblet cell described
above . |

Assuming that the above explanation is
correct, the question ofwhether these cells die after
eliminating their secretion,. or whether they . return
to normal epithelial cells, or whether they iumediste-
ly form more granules still needs to be determined.
Although Yonge (1926-b) assumes that the secretion is

mucous, this point of view needs further confirmation.
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VASCULAR SYSTEH

‘The heart consists of three chambers,
two auricles and a ventricle. The ventricle is fur-
ther divided, although incompletely, into two small
chambers. Since the only histological difference be-~
tween the auricles and ventricle is the thickness of
- the wall and the amount of ruscle fibers (figs., 48
and 49), their microscopical structure will be dis-
cussed togesther. The heart consists essentially of
an outer layer of sinple columnar epithelium, a
medial layer of muscle fibers and connective tissue,
and an inner layer of thin endothelium-like cells.

The ppithélial layer is thrown into a
great many folds upon contraction of the muscie fi-
bers, but when the heart is distended, the epithe-
lium is smooth and regular. It consists of low
columnar cells, 10 to 12 micrg high and about 4 to
6 micra in width. The tendency of the auricles to
show higher folds than the ventricle upon contrac-
tion is very pronounced. This is probably due to
the thinner walls of the auricle. The nuclel of the

epithelial cells are irregular in shape, ranging

~
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from spherical to e¢llipsoidal, sometimes even
being tear-shaped. They rarely are larger than 4
micra across their largest dimension. They are
composed of [ine chrouatin with s prouinent nucle=-
olus. The epithelium hes no cuticle and only a
faint sewblance of a basement membrane. It appears
to rest directly upou ths vesicular connective
tissue. Kellogg (1892) described small cytoplas-
mic loops extending {rom the epithelium, but
such structures.were not visible on a heart fixed
in an incoumpletely contracted state. In fact, it
became apparent after studying a heart in the state.
of contraction, that the structure he observed was
probably a cell forced into the condition he de-
scribed by the forceful contrcction of the muscle.
The muscle fibers in the heart run in al-
most every conceivable direction. Ho attenpt was
made to map the distribution or direction of the
fibers, but they are so arranged that contraction of
the muscle causes the heart to contract in three
dimensions. The muscle fibers are imbedded in the
connective tissue at either one or both ends. Those

imbedded at only one end have thelr origin at the
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base of the epitheliun (fig. 50). The fibers are
composed of anastamosing, rnultinucleuted, striated
cells (First described by Kellogg, 1892, in the
auricle.). These cells range from 2 to 5 nicra in
width, and elthough their lencth could not be
definitely ascertained, some were observed to be
over 200 micra long. The stristions are comparative-
ly thick and close tozether, about 2 micra thick and
about 2 wmicra apart (fig. 51). They are unlike nam-
malian tissue, consisting of & solid, darkly stain-
ing band instead of a serics of thickenings on the
myofibril. As a uatter of fact, no myofibrils were
visible, an observation that is difficult to explain.
In addition, no glycogen could be demonstrated by
either the Iodine or the Lauer-Feulgen technique. The
nuclei of these cells are elongated and vesicular.
They are situated in the center of the cell. In cross
section, the muscle cells appear as hollow tubes, with
the striations running around the periphery and the
nucleus in the center. The nuclei azre scattered and
hard to find.

The endothelial layer consists of long

flat cells., These are so thin that the cytoplasm ap-
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pears to be an elongation of the two ends of the
ellipsoidal nucleus. Rarely are these cells found to
be continuous around the luxen. This fact lezds the
writer to believe that they possibly are not endo~
thelial cells, but a modified connective tissue
element. Of course, the very dimensions of the cells
meke them almost impossible to see, unless the section
goes through the nucleus. This might account for their
appearance of being non-continuous. However, which-

" ever viewpoint is taken, the cells fuiction as an en-
dothelium. These same cells are also found in 2ll
arteries, rerely completely lining the lumen.

The blood channels ray be placed in two
classes, the arteries and the sinuses. The arteries,
regardless of size, have definite walls (fig. 52),
while the sinuses are merely spaces in the connective
tissue. The major portion dI' the artery wall is com-
posed of conunective tissue fibers. Aadiatingfrom the
fibers encircling the vessel are chords of connective
tissue. These add strength and rigidity to the artery.

Sprinkled through the circular connective tissue are
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the same delicate spindle-shaped smooth muscle cells,
described 1n connection with the palps. Lining the
lumen are the endothelial cells. These, as stated be-
fore, rarely can be seen completely encircling the
Jumen. Occassionally, oreof these cells appearé to
extend into the connective tissue iayer. Their nuclei
are about 5 micra long and less than 3 mlcra wide

and stain heavily with héematoxylin. The cells at
their widest point are no wider than the nucleus, at
which point they seem to bulge in order to meke

room for it . They are tapered at both ends and ex-~
tend from 1l to 15 micra in length.

The sinuses have no definite connective
tissue. wall. They are nercly spaces in the connective
tissue. Occasionally, one of the lining cells, similar
to those of the arteries can be seen.Sinuses are as

_large as the arteries,and often larger.
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URINARY SYSTEM

The renal organ of the oyster consists
of a series of coiled branching tubules, the histol=-
ogy of which is comparatively simple. The epithelium,
making up these tuvules is composed of very low
columnar, almost cuboidal cells about 15 micra high
and from 8 to 10 micra wide. The distal half of the
cells are vesicular, giving them the appearance of
being secretory in nature. The cytoplasmn, encasing a
large oval, vesicular nucleus, 1is contained in the
proximal portion of the cell (fig. 53). The cells
are irregular in shape, giveing the epithelium a
hilly appearance. In the larger tubules, the epi-
thelium ray be as hish as 30 ar even 40 micra. In
such cases, the nuclei are situated in the lower
third of the cell, the peripheral two~-thirds being
vesicular., The proximal border oif the cell is round-
ed and not .like anything heretoforec dcscribed. o
cuticular structure is visible, out there is a
definite basement menbrane. The cells are nén-ciliat-
ed. The epithelial layer of the smaller tubules rests

on a thin layer of smooth tmscle. In the larger
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tubules, there 1s also a layer of conunective
tissue fibers. llumerous eosinophilic secretory
cells are present, apparently confined to the

larger tubules.
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GEXITAL DUCTS ’

Any attempt to describe the germinal epi-
thelium would involve considerable investigation of
oogenesis and spérmqtogenesis; so the folleowing de-
gcription will be confined to the ducts themszlves.

The terminal ends of the ducts are char-
acterized by two types of epithelium, the germinal
epithelium and the epithelium of the genital duct.

The genital ducts at their extreme ends are merely
spaces in the conncctive tissus, lined -with connective
tissue fibers. These run into larger ducts that
possess a definite epithelial lining. Still further
ventrally, the comnnective tissue tubules, still par-
tially composed oi germinal epithelium, possess a lay-
er of simple cuboidal cells (fig. 54). The cells con-
stituting this layer are about micra long with cilia
almost the same length. Small spherical nuclei are
found in approximately the middle of the cell. These
stain intensely with haewmatoxylin end other basic
stains. The epithelium rests on a thick layer of e~
lastin~-like connective tissue fibers. ijo izuscle cells

are present. In the larger tubules, the description
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of the epithelium is identical, except of course,

that it is continuous completely around the tubule.



-123~

IUSCLE

Little can be said in reference to the
large shell muscle except that a part, the adduc-
tor wuscle, is striated and the other portion, the
catch muscle, is.not. The striations of the forner
are broad and far apart (selloggz, 1892). The nuclei.
are ellipsoidal and confined to the periphery of
the cell. The muscle fibers are wultinucleated, very
- large, and are not branched.

The above paragraph sums up the knowledre
of the microscopical structure of the ruscle. 4
study of this structure presents a peculiar prob-
lem. It 1s very difficult to fix and section sagis—
factorily the muscle, together with the surrounding
soft parts. Lven using a very small portion of the
tissue, good results are 5btéined only after care-
ful fixation. fAdditional microscopical investigation

of the muscle is needed.
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"SUMMARY AND CONCLUSIOCHS

Little absolutely original materiael has
been offered by thils paper. True, many of the his-
tological investigations have beecn on species other

than Ostrea virginica, but after all, the microscopi-

cal structures of the various species of QOstrea are
very similar. The primary aim of this paper was to
gather the existing material, corroborate it whefe
necessary, and to £ill in unknown parts (if practi-
cal), in order to make a more complete summary of the
morphological and histological structure of Q. vir-
ginica then was to be had up to the present time.

Some of the new material and conclusions
advanced are as follows:

The heart consists of an outer layer of
regular columnar epithelium, that becomes folded upon
contraction of the heart; a medial layer of striated,
branched muscle, the fibers of which run in many di-~
rections; and an inner, often incomplete, layer of
thin squamous cells. Arteries have the same endothe=-
lium~-like layer, surrounded by smooth muscle and cone-

nective tissue. Sinuses are merely spaces in con-
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nective tissue.

The renal orgen is composed of low
columnar cells with a vesicular peripheral edge .
The cells are non-cilisted.

The genital ducts are composed of simple
cuboidal cells with long cilia. |

In very young oysters, the right pallial
lobe 1s more highly vascular than the left, showing
that the promyal chamber must be used to as great
an extent as the cloacal chamber, or even greater.

The labial palps have two surfaces that
differ histologlcally and morphologically. The out-
er smooth surface is composed of simple columnar
epithelium, while the inner folded surface is com-
posed of an.epifhelium slightly higher than the for=
mer. Each fold has one or rore grooves on its aborad
side. The epithelium on both sides of the palps rests
oﬁ a layer of smooth muscle .

The digestive tract is composed of simple
columnar ciliated epithelium. The style sac epithe=-
lium dif%ers from that of the rest oflﬁhe gut in
structure and function. gxcluding the sﬁyle sac, the

only differences between the epithelia of the differ-
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ent structures are: height, width, cilia height,
and the underlying connective tissue (text fig.
I).

Granular secretory cells are found
throughout the digestive tréct, with the exception
of the style sac. These, although they assume a
variety of forms, are different phases of the
same cell. If these cells do secrete mucous, it
is probably not in the form of mucin. 411 the cells
of the style sac are secretory in nature, secreting
tﬁe substance of the style.

The gastric shield is a chitinous secre-
tlion of certain cills in the stomach ﬁhat imbeds
the surrounding cilia upon solidification. It
thus firmly anchors itself to the epithelium.

- Glycogen is found to some extent in most of
the connective tissue cells, and also in the epithe-
lium of the hepatic diverticula.

Smooth muscle is found to surround the di-
gestive tract at almost every point.

This paper has shown several points that
need further investigation. A survey of the Golgi

net and mitochondria under normal and experimental
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TEXT FIGURE I

Structure Height Width Cilia Secretory Connective

micra micra 1length cells tissue
micra
Ifouth 80~100 3-4 75-100 Few Iledium
3050 350-40
Esophagus 60~100 3=5 30 Few Thick
45-60
Stomach 100 3 25 Several Thick
50=60 4=5
Food
Sorting 60~90 4=5 10~15 Several Thick
Caecum
Digestive ~
Tubules 30 4=5 10 Many Thin
Digestive .
Diverti=- 10-30 6-8 retra- None Thin
cula ‘ ctile

Style Sac 50=-60 5-6 €5-30 Few if any Very thin

Midgut ‘ 40 34 10-15 Few liedium
Typhlosole 80 3=4 10-15 Iany Iledium
Intestine 60 4 10-15 Many Thin

Rectum 60 4 10-15  Abundant Medium

) The above table i1s a comparison of the epithe=-
lial structures in the various regions of the gut in a single
oystere. The figures are the result of a measurement of ty-
pical epithelium. There is variation, not only in different
specimens,but even in a single individual. The figures abowe
are therefore given,not as a means of identification, but
essentially as a method of comparison.
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conditions would certainly throw a great deal of
light 6n the processes of digestion, assimilation,
and secretion. The histology of the adawe tor and
catech muscles éhould be iuvestiligated. Still another
~interesting cytological and physiological problem

i1s the method ofAstoring giycogen and fatty material
in the connective tissue and in the hepatic diverti-
cula. iiorphologlecally, it would help cousiderably to
have a good detailed account of the nervous and cir-
culatory systeus. Zeturning to physiology, an in-
vestlgation of the wrenal organ wmight yield some in-
teresting results? The exact nature of digestion and
assimilation in the aizestive tuvulss is still rather.
confusing and fthe-same 1is true of the cells in the
digestive.tract. The functional importance of the
food sorting caecum needs to be elucidated. There

are many other pfoblems far too numerous to mention
here, but they all are necessary for a more complete
understanding of the oyster. If this paper stimulates
any such research, the author's labowrs will have been

justified.
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PART VII
ILLUSTRAD IOLS



Pigure 1

External view of the left and right valves.
% natural size.

Figure 2

Internal view of left and right valves
showing (a) hinge ligament, (b) scar for attach= -
ment of retractor ruscle, and (¢) scar for the
attachment of adductor and catch muscless






Figure 3

Whole oyster, right valve removed. (4x).
(a) hinge ligament, (b) oral hood, (c) labial
palps, (d) gills, (e) heart, (f) rectum, (g) ad-
ductor muscle, (h) cateh nuscle, (1) pallium, (j)
region of renal organ, (k) cloacal chamber, (1)
promyal chamber, (m) tentacular border of pallium.
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Flgure 4

Drewing of the digestive tract of a large oys-
ter telten from free hand celloidin sections. (a) sto-
mach, (b) food sorting cascum, (c¢) style sac, (d) and
(¢) intestine, (f) rectum, unlabelled dark portion is

midgut «

Figure 5

Arterial system of oyster, (natural size). (a)
medlan pallial artery, (b) palps, (c¢) circume-
pallial artery, (d) branches of anterior aorta
supplying the visceral mass, (e) branch of anterior
aorta supplying the rectum, (f) anterior aorta, (g)
posterior aorta, (h) artery to adductor muscle, (i)
artery to catch muscle, (j) pallium, (k) gills, (m)
ventricle, (n) auricles






Figure 6

Graphic represcntation of the digestive tract
of a small oyster, taken from serial sections. (a)
food sorting caecum, (b) stomach, (c) style sac,
(a) midgut, (e) intestine, (f) rsctum.

Figure %

Junction of palps and gills in O. edulis.
Copled from Yonge (1926-b).
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Figure 8

: Gelatin cast of the stomach and style sac of
0. edulis. Copied from Yonge (1926~b).

Figure 9

Drawing of whole oyster, right valve and pale
lial lobe removed. Visceral mass dissected to show
gelatin cast of digestive tract. (a) labial palps,
(b) food sorting caecum, (c) midgut, (d) intestine,
(e) style sac, (f) gills, (g) pellium, (h) mouth,
(i) esophagus, (k) stomach, (k) rectum. ‘
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Figure 10

Pericardial cavity (4x) showing auricle (a)
contracted.

Figure 11

Pericardial cavity (4x) showing ventricle (v)
contracted.






Figure 12

Pallial border (80x). (a) circumpallial ar-
tery, (b) circumpallial nerve, (c¢) external pallial
folda, (d) median pallial fold, (e) pallieal curtain,
(£) outer pallial surface, (g) inner pallial sur-
face. .

Figure 13

External palliszl surface atained with mucicare
mine to show mucous gland cells (360x).






Figure 14
Internsl pallial surface (800x).

Figure 156

External pallial surface (800x).






Figure 16

Cross~section of demibranch (80x). (a)
water tube, (b) lining of water tube, (c¢) ostia,
(&) interlamellar tissue, (e) interfilamentar tise
SUES «

FPigure 1%

Cross section of gill plica (360x), (a)frontal
cilia, (b) latero-frontal cilia, (c¢) lateral cilia,
(a) chitinous rod, (e) outer epithelium, (f) muscle
conuecting two rods, (g) underlying connective tissue.






Figure 18

Cross section of gill plica (360x) showing
ostia (a). (b) principal filament, (c¢) transi-
tional filament, (d) ordinasry filament, (e) frontal
cilia, (f) lutero-frontal cilia, (g) lateral cilia.

Figure 19

Inner palp surface (800x). (a) cilia in aborad
groove, (b) aborad side, (c¢) orad side.






Figure 20

Inner palp surface (800x)

Figure 21

Junction of mouth and palps (80x). (a) palps
and (b) mouth.



./




Flgure 22

Mouth (800x).

FPigure 23

Drawing of mouth (1000x). (a) cilia, (b)
cuticular aistal border, (c¢) blethroplast, (d)
basal filament, (e) cell msubrane, (f) ciliary
root, (g) nucleus of phagocyte.






Figure 24

Esophagus (80x) showing the irregularity of
the epitheliume.

Figure 256

Esophagus (800x). (a) goblet cell, devoid
of secretion, (b) excavations in epithelium, (c)
cuticle.






Figure 26

Stomach (80x%).

Figure 27
Stomach (800x). (a) basement membranc, (b)
line of blethroplasts, (c¢) cuticle, (d) ecilia.






Figure 28 _ B

Stomach, showing (a) gastric shield,‘énd (b)
epithelium under the shield (80x). :

Figure 29

Digestive diverticula (360x). (a) digestive
duct, (b) digestive diverticulum. :






Figure 30

Glycogen in connective tissue surrounding the
digestive diverticula (80x).

Figure 31

Saliva digested control of Fig. 30 showing
the red=-staining substance insidec the ducts that
wasnot present before digestion.






I'igure 32
Cross section of counectlve tissue surrounde-

ing the rectum stained with Bauver=-Feulgen technique
to show glycogen.

Figure 35

Same section as Fig.32,but digested with
saliva before staining (80x).






Figure 34

Glycogen (b) in epithelium of digestive duct
(a). 3toined with Bauver-Feulgen techuique. (360x).

Figure 35

Glycogen in connective tissue CBOOX).






Figure 36

Style sac and midgut (80x). (a) style sac
and (b) midgut e

Figure 3%

Style sac epithelium (800x).






Figure 38

Style soac epithelium (1000x) to show intra-
epithelial canals (a).

Figure 39
Junction of style sac and midgut (80x). (a)
style sac, (b) midgut, (c) mejor typhlosole, (4)
minor tyuphlosole, (e) sinus, (f) secretory cell.






Figure 40

lidgut (a) cnd isthmus (b) connecting the mid-
put and the style sac (80x). '

FPigure 41

Cross scetion of typhlosole (800x). (a)
basoment membrane, (b) uncerlying conunective tissue,
(c) secretory cell, (d) cilisz, (e) enpty secretory
cell, '






Figure 42

Cross section of intestine shortly after it
comes off the midgut, showing (a) secretory cell
(BOX) .

Figure 43

w

Intestine at zbout the level of the stomach
(80x). (a) food material, (b) groove of typhlosole.






Figure 44

. Cross scctlion of intestine stained with iron
hacmatoxylin (800x). (a) basophilic sedretory cell,
(b) cilia, (c¢) blethroplast.

Figure 45

Cross section of rectum stained with haematoxy~
1lin, cosin and orange G (800x). (a) cilia, (b) cuticle.
(¢) food rmterial






Figure 46

Cross section of the middle portion of +the
rectum (80x).

Figure 47

Cross sectlon of the terminal portion of the
rectum (80x).,






Figure 48

. Cross section of auricle ('80x) showing dis=-
tribution of (m) muscle fibers, (a) auricular
cavity, (b) conuective tissue, (c) epithelium.
Throughout the connective tissus there are nuuerous
muscle cells appearing in cross section. These are
too small to indicate.

Figure 49
Cross section of ventricle (80x) showing dis=-
tribution of (m) muscle fibers, (a) connective tis-
sue, (b) epithelium.






Figure 50

Epithellum of the venurlcle (8007) () epi-
thelium, (b) attachment of muscle connective tissue
underlying the epithelium.

Figure 51

Cross section of ventricle stained with iron
haematoxylin to show striations (800x). (a) branch-
ing fiber, (b) phagocyte.






Figure 52

Cross section of large artery (360x). (2)
lining cell, (b) layers of connective tissue inter-

spersed with muscle.
I






Figure 53

Cross section of nephridia tube (800x). (a)
vesicular distal portion, (b) basement membrane .

Figure 54

Cross section of gonad duct (800x). (a) ova,
(b) cilia, (c¢) cells, (d) basement membrare, (e) un-
derlying connective tissue.
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