


the mantle and the shell and carefully pushed
above the meat toward the adductor muscle,
its edge always at a sharp angle to the inner
surface of the valve. Actually it is preferable
to move the oyster right and left, while gently
pressing it against the edge of the knife, rather
than to move the knife itself. After the attach­
ment of the adductor muscle to the shell is severed,
the flat, right valve is lifted up until the ligament
breaks and the oyster is exposed in the cupped
valve which retains sea water. (In oyster bars
and restaurants raw oysters are usually served
on the right (flat) valve and the cupped left valve
is removed.) If it is necessary to open an un­
narcotized oyster, I prefer first to break the liga­
ment with a screwdriver, then to lift the valve
carefully and cut the adductor muscle. This
method reduces the chances of cutting the visceral
mass.

Dissection is much facilitated by allowing the
tissues to harden in 3 percent formalin for at least
1 day. For tracing the digestive tract and the
blood vessels I recommend, furthermore, the
injection of these systems with colored moulage
latex. For study of the digestive tract the follow­
ing method gives satisfactory results: the mouth
of the oyster is exposed by cutting out a small
triangular section of both valves and pushing up
the underlying tissues (the mantle cap). Blue
or red latex diluted with about 20 percent water
is injected into the mouth through a wide glass
pipette slightly flattened at the tip and supplied
with rubber bulb. During the injection the oyster
is held in a vertical position. Sometimes it is
difficult to fill the entire digestive tract with latex
injected through the mouth. An additional in­
jection can then be made through the anus with
a 2-ml. capacity hypodermic syringe, preferably
one of metal since latex rapidly adheres to glass
and causes the plunger to stick.

For injecting blood vessels through the ventricle
or auricles I prefer to use either latex diluted
with about 30 percent of water or vinyl resin
solution. Injection should be completed without
interruption in one operation, after which the
injected specimen is immediately placed in 5 per­
cent formalin in tapwater and left undisturbed for
several hours or overnight to allow complete set­
ting of the latex or plastic. Preparations may be
indefinitely preserved in 3 to 5 percent formalin.

Various cavities and chambers of the oyster body
can be advantageously studied by making plaster
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of paris casts. The valves of a live oyster are
forced apart by inserting an oyster knife at the
ventroposterior margin of the shell and gradually
rotating the knife until its edge is perpendicular
to the surface of the valves. The valves should
be opened very slowly to avoid tearing the ad­
ductor muscle. After a small wooden wedge is
inserted to prevent closing of the valves, freshly
made plaster of paris paste of the consistency of
heavy cream is injected into the cloaca and into
the opening of the promyal chamber. From time
to time the injected specimen is tapped gently
against the table to insure complete penetration
of the plaster into the smallest ramification of the
gill tubes. After the filling with plaster of paris is
completed, the wedge is removed and the valves
are pressed together. The preparation is left
undisturbed for 24 hours. After the plaster of
paris has hardened the shells and the soft parts
of the body are removed, the cast is dried for 24
hours at 56 0 C. and finally may be dipped in a hot
mixture of beeswax and turpentine to prevent
breaking of the finest ramification of the replicas.

ORGANS UNDERLYING THE SHELL

After the valve is removed, the body of the
oyster is seen to be covered with a soft membrane
called the mantle (figs. 71, 72). The mantle is a
bisymmetrical organ. Its left and right folds are
joined together at the dorsal edge where small
and slightly pigmented fold (not shown in the
figure) marks the position of the ligamental ridge,
a special organ which secretes the ligament. The
joint portion of the two lobes forms a cap which
covers the mouth and its associated structures
(fig. 71, m.). The remaining mantle edges are
free except for a point at the extreme ventral
margin (f.) where the two opposing lobes are
fused together to form a wide funnel-like channel,
the cloaca (fig. 72, cl.).

The edge of the mantle consists of three pro­
truding fringes, two of which, the outer and the
middle, are beset with highly sensitive tentacles
(t.). The tentacles and the edge of the mantle are
commonly pigmented.

The parts of the mantle not attached to under­
lying organs enclose a large space filled with sea
water and known as the mantle cavity. Some­
times the open space under the mantle is referred
to as the shell cavity and the sea water retained in
it as the shell liquor. The space between the
mantle and the gills is often called the "gill cavity,"
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FIGURE 71.-0rgans of C. virginica seen after the removal of right valve. ad.m.-adductor muscle; an.-anus; c.g.­
cerebral ganglion; f.-fusion of two mantle lobes and gills; g.-gills; h.-heart; l.m.-left mantle; l.p.-labial palps;
m.-mouth; per.-pericardium; r.-rectum; r.m.-right mantle, sh.-shell; t.-tentacles. The right mantle con­
tracted and curled up after the removal of the right valve, exposing the gills. Portion of the mantle over the heart
region and the pericardial wall were removed. Drawn from live specimen.

an undesirable term because of possible confusion
with the inner spaces (cavities) of the gills. The
correct terminology for the latter is water tubes
and gill chambers. T~e expression mantle cavity
seems to be more appropriate than the shell
cavity. As to the shell liquor, the term is well
established, especially in papers dealing with the
bacteriology of the oyster and, therefore, it should
be retained.

Under normal conditions the mantle underlies
and adheres slightly to the shell, the secretion of
which is its principal function. As will be shown
later, this organ also participates in several other

functions: it controls the flow of water for respira­
tion and feeding; plays an important role in female
spawning; and receives and transmits sensory
stimuli.

In a living oyster the mantle cavity is always
full of sea water. As the shell is closed the surplus
water is ejected, but that remaining in the free
spaces between the mantle lobes (fig. 73, m.c.)
keeps the enclosed organs constantly bathed in
water.

Various products of oyster metabolism accumu­
late in the shell liquor as well as considerable
quantities of mucus and blood cells discharged
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FIGURE 72.-0yster viewed from the right side. Portion of the right mantle and the wall of the epibranchial chamber
cut off to expose the gills and their water tubes, the cloaca, and the lower part of the gonad. ad.m.t.-adductor
muscle, translucent parti ad.m.w.-adductor muscle, white (opaque) part; an.-anusi bl.v.-blood vessels of the
mantle; cl.-cloaca (the arrow indicates the direction of the outgoing current of water) ; cp.a.-circumpallial artery;
cp.n.-circumpallial nerve; ep.br.ch.-epibranchial chamber of the gills; f.-fusion of gills and mantle; g.-gills;
gd.-gonoducts; py.p.-pyloric process; q.m.-rudimentary Quenstedt's muscle; t.-tentacles; ur. v.-opening of the
urinogenital vestibule; v.g.-visceral ganglion; w.t.-water tubes of the gills. Drawn from a preserved specimen.

through the mantle and gills. The alkalinity of
the shell liquor J,'etained in the mantle cavity
therefore decreases with time as the oyster remains
closed. Although liquor may become slightly
acid, excessive acidity is stopped by the buffering
action of calcium carbonate dissolved from the
shell.

The ability of the oyster to retain shell liquor
is a useful adaptation to life in the intertidal zone
permitting the animal to survive many days of
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exposure to air. It is equally useful to those
oysters which live below the low water mark and
are never exposed to air. By closing their shells
tightly and by retaining some sea water they are
able to survive unfavorable conditions caused by
floods or by the temporary presence of toxic or
irritating substances in the water.

The color of the surface of the mantle facing the
shell is variable. Lean oysters devoid of glycogen
are usually of a dull grayish color whereas "fat"
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FIGURE 73.-Transverse section of the dorsal part of an adult C. virginica a short distance below the labial palps. Drawn
semidiagrammatically from an enlarged photograph of stained section. Bl.s.-blood sinus; br.ef.v.-branchial
efferent vein; c.af.v.-common afferent vein; c.t.-connective tissue; di.d.-digestive diverticula; ep.br.ch.-epi­
branchial chamber; g.-gills; g.m.-gill muscles; g.r.-gill rod, gn.-gonad; in.-intestine; k.-kidney; l.af.v.-lateral
afferent vein; l.m.-left mantle; l.m.e.-edge of left mantle; m.c.-mantle cavity; pr.ch.-promyal chamber; r.af.v.­
right afferent vein; r.m.-right mantle; r.m.e.-edge of right mantle; st.-stomach; w.t.-water tube of the gills.
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oysters are white and those full of spawn are
creamy-yellowish. The green color of oysters
from certain localities is attributed to the accumu­
lation of copper or to the absorption of blue-green
pigment from certain diatoms upon which they
feed. Mantle color is always a good indication of
the condition of the mollusk.

Several ramifying blood vessels can be easily
seen on the surface of the mantle (fig. 72, bI. v.).
A broad blood vessel along the periphery is the
circumpallial artery (fig. 72, cpo a.). A narrow
and darker line immediately adjacent is a circum­
pallial nerve (fig. 72, cp.n.). A small, slightly
pigmented depression in the dorsal end of the
mantle marks the position of a nonfunctional
Quenstedt's muscle (fig. 72) barely attached to
the valve.

The most conspicuous element of the oyster
anatomy visible after the removal of the valve is
the posterior adductor muscle. This ovate organ
consists of a larger dorsal, translucent portion
(fig. 72, ad.m.t.) and a consistently smaller,
ventral opaque part (ad.m.w.).

A semitransparent oval membrane covers the
pericardium, the chamber in which the heart is
suspended (fig. 71, per.). On the left side of the
oyster the pericardial wall lies directly under the
valve, but on the right side the large and asym­
metrical promyal chamber (fig. 73, pr.ch.)
separates the pericardium from the mantle.

ORGANS UNDERLYING THE MANTLE

Directly under the free edge of the mantle
along the entire anteroventral side of the oyster
lie the gills (fig. 72, g.). They can be exposed by
cutting off the mantle along the line of its attach­
ment to the base of the gills, or by lifting the
mantle and pulling it up. If a piece of shell is
sawed off at the anterior edge of the valve the
corresponding portion of the mantle curls up and
exposes the gills underneath. For several days
the opposite fold of the mantle retains its normal
position with the tentacles (t.) spread over the
edge of the shell, while the curled mantle edge
under the cut secretes a vertical plate. Later
on the mantle fold of the intact side of the oyster
also curls up and by depositing new shell material
at the angle to the valve closes the gap. Cutting
off a portion of one valve proved to be a useful
procedure for observing the functions of the gills
and mantle.

The gills consist of two pairs of lamallae or
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gill plates, one pair on each side (figs. 71, 72, g.).
At the anterodorsal margin thei,r free and gently
curved edges touch the lower tips of the labial
palps (fig. 71, I.p.) and their bases are joined to
the mantle. In the ventroposterior part of the
body the gills and the two lobes of the mantle
join to form a channel (fig. 71, f.) which marks
the entrance to the cloaca (fig. 72, cI.).

The mouth (fig. 71, m.), a narrow horizontal
slot above the dorsal edges of the two posterior
labial palps, lies under the hood or cap formed by
the anterior fusion of the two mantle folds. It
can be seen by cutting off the mantle cap and
pressing down the upper (dorsal) edges of the
palps.

The cloaca (fig. 72, cl.), a large funnel-shaped
space between the ventral side of the adductor
muscle and the gills, is a continuation of the
epibranchial chamber (fig. 72, ep.br.ch.) which
extends along the gills. The latter can be ex­
posed by cutting along the wall of the cloaca,
starting from the mantle junction (fig. 71, f.) and
following the edge of the muscle. The epi­
branchial chamber extends along the base of the
gills. When the dissected portions of the cloacal
wall are pulled apart, the following structures are
revealed: the rectum and anus (figs. 71, 72, r.,
an.), located on the ven,troposterior border of the
adductor muscle; the blunt tip of the pyloric
process (fig. 72, py.p.) of the visceral mass, which
projects into the epibranchial chamber; the small
and almost invisible opening of the urinogenital
groove or vestibule (fig. 72, ur.v.), located on the
wall of the pyloric process; and the visceral
ganglion (fig. 72, g.), situated in a shallow de­
pression between the two divisions of the adductor
muscle and partially covered by the pyloric
process.

The heart (fig. 71, h.), seen after removal of the
pericaxdial wall, consists of one ventricle and two
pigmented auricles. Two aortae (not shown in
the diagram) emerge from the tip of the ventricle,
and large venous sinuses (also not shown) empty
into the auricles. The slightly pigmented struc­
ture extending dorsally from the auricular side of
the pericardium along the base of the gills is the
organ of excretion (kidney) frequently called the
organ of Bojanus (fig. 73, k.). Inasmuch as there
is no doubt regarding the function of this tubular
thin-walled organ it seems preferable to call it the
kidney. Urine is collected in a large reservoir in
the lower (ventral) part of the kidney before
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being discharged through the urinogenital vesti­
bule. On each side of the auricular part of the
pericardium there is a fine opening from which a
canal leads to the kidney. This renopericardial
opening and the canal are difficult to see with the
unaided eye.

THE VISCERAL MASS

The very short esophagus enters the large and
somewhat twisted stomach, into which a wide sac
containing the crystalline style also opens. The
visceral mass (figs. 72, 73) occupies the dorsal
half of the body, above the adductor muscle. It
consists of esophagus, stomach, crystalline style sac
inside the pyloric process, and intestine embedded
in connective tissue. The stomach directly com­
municates with the digestive diverticula, a green­
ish mass of glandular tissue (fi~. 73, st., di. d.),
which completely surrounds both stomach and
intestines. The intestine, after leaving the stom­
ach, makes a loop (fig. 73, in., and fig. 197, ch. X)
which ends in the rectum (fig. 71, r.) at the dorsal
edge of the adductor muscle. A small rosette at
the tip of the slightly protruding rectum surrounds
the anus (fig. 72, an.), located in the area con­
tinually swept by the current of water from the
cloaca (fig. 72, cI.).

Between the digestive diverticula and the
surface epithelium lie the gonads (fig. 73, gn.).
After spawning these layers disappear almost
completely, being represented only by a thin
germinal lining. The gonad is not visible to the
unaided eye at this stage. At the time of full
sexual development the layer of gonadal tissue in
large specimens may reach several millimeters in
thickness. Many branching channels, the gono­
ducts (fig. 72, gd.), through which sex cells are dis­
charged, are clearly visible on the surface of a
sexually mature specimen. They all empty into
a common gonoduct leading into the urino­
genital groove (fig. 72, ur. v.) from which eggs or
sperm are discharged into the epibranchial cham­
ber (ep. br. ch.). Secondary sex characters are
absent.

The sex of the oyster can be recognized by
microsocopic examination of the gonad. Hermaph­
rodites among adult G. virginica are rare. Out of
many thousands of oysters examined in the course
of my studies I have found only one oyster with

.the gonads containing both eggs and sperm. The
European oyster, O. edulis, and the Olympia
oyster, O. lurida, are hermaphroditic. (A full
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discussion of sex in the oyster is found in chapter
XIV.)

The position of the fully developed gonad in
relation to other organs of the visceral mass can
best be studied in a series of transverse sections of
the dorsal half of the oyster. Figure 73 shows the
relative position of the organs as seen on the sec­
tion made just below the labial palps. The
gonad (gn.) is irregular in shape and located close
to the surface of the body. The digestive divertic­
ula (di. d.) occupy the larger part of the visceral
mass between the gonad and the digestive tract
itself, which at this level is represented by the
stomach (st.) and two cross sections of the in­
testines (in.) . The rest of the visceral mass
consists of connective tissue (c.t.) containing
irregular blood sinuses (bI. s.), which may be full
of blood. The series of twisted tubules compris­
ing the kidney (k.) is located near the surface on
both sides of the body above the gills.

The large empty chambers between the gills
and the visceral mass directly communicate with
the water tubes (w.t.) of the gills (g.). The
epibranchial chamber (ep. br. ch.) on the left side
is much smaller than the corresponding chamber
on the right side. The latter, called by Nelson
(1938) promyal chamber (pr. ch.), extends to the
dorsal end of the oyster and opens to the outside
in the posterodorsal part of the body, independ­
ently of the cloaca. Water tubes (w.t.) inside the
gill plates open into these chambers. Soft and
delicate tissue of the gills is supported by the
framework of chitinous rods, the largest being
located at the base of the gills (g.). Two sets of
muscles (g.m.), one below and one above the
largest gill rods, control the movements of the
plates. The five principal blood vessels of the
gills are located above the skeletal rods: the com­
mon afferent vein (c. af. v.) ; two branchial efferent
veins (br. ef. v.), one on each side; and two lateral
afferent viens (I. af. v.), also one on each side
of the oyster.

NERVOUS SYSTEM

The nervous system can be studied best by
reconstructions made from sectioned material
since only the principal nerves and ganglia can
be revealed by dissection. The visceral ganglion
(fig. 72, v.g.) is located in a slight depression on
the anterior side of the adductor muscle, partially
hidden by the tip of the pyloric process. It can
be observed by cutting the wall of the cloaca and
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of the epibranchial chamber, then placing the
oyster on its posterior edge, lifting its ventral
side slightly toward the observer, and pulling the
dissected portions of the wall apart. The ganglion
and its nerves are then visible against the back­
ground of the surrounding tissues. Some of the
individual nerves, namely, the posterior pallial
nerve (fig. 253, in ch. XIII, p.p.n.) and the lateral
pallial nerves (l.p.n.), emerge from the posterior
end of the ganglion and can be followed without
much difficulty until they begin to ramify. The
posterior pallial nerve follows the right side of the
adductor and sends a short branch to a sense
organ-a small unpigmented protuberance called
the pallial or abdominal organ (p.o.). On the left
side of the oyster the pallial organ is much smaller
and is located much closer to the ganglion; in fact,
in many oysters only the right pallial organ is
present.

The anterior pallial nerve (fig. 253, in ch. XIII,
a.p.n.) and branchial nerve (br.n.) leave the
dorsal end of the ganglion and for some distance
follow the nerve trunk which leads to the cerebral
ganglia and is known as the cerebrovisceral con­
nective (c.v.con.). The cerebral ganglia (fig. 71,
e.g.) are embedded in connective tissue at the
bases of the labial palps. A very thin cerebral
commissure passes dorsally over the esophagus
and connects the cerebral ganglia in a typical loop
or ring. The circumpallial nerve (fig. 72, cp.n.)
follows the circumpallial artery and can easily be
seen at the edge of the expanded mantle. The
other nerves emerging from the visceral and
cerebral ganglia can be more conveniently studied
on sectioned preparations and are described in
chapter XIII.

ANATOMICAL PECULIARITIES

In several respects the anatomy of the oyster is
simpler than that of other bivalves. The absence
of a foot results in the lack of pedal ganglia; only
the posterior adductor muscle is present, and
there are no specialized organs of sight, although
the animal is sensitive to change of illumination.
On the other hand, the edge of the mantle is
fringed with highly sensitive tentacles abundantly
supplied with nerves leading to the ganglia. As
in other bivalves, the nervous system is not
centralized but is represented by widely separated
ganglia. The structure of the cerebrovisceral
connectives, of the circumpallial nerve, and other
large nerves resembles more the structure of
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ganglia than that of the nerve,. a condition which
undoubtedly results in a high degree of coordina­
tion among the various parts of the organism.

In addition to performing their principal func­
tions, several organs of the oyster also participate
in other activities. The gills, for instance, are
not only the organ of respiration but collect and
sort food as well. The mantle is used extensively
in the control of the flow of water through the
body; the coordinated action of the adductor
muscle, gills, and gonad is necessary for the
effective discharge of eggs by the female oyster.
In other animals such functions are performed by
special organs, but in the evolution of the oysters
the high degree of coordination developed among
different parts of the body eliminates the need for
specialized structures, and new and complex
functions are successfully performed by synchro­
nizing the work of the existing parts.
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