
FIGURE 126.-Transverse section of the principal filament of the gill of C. virginica drawn from the same preparation as
in figure 125. Note the well-developed muscle fibers, m., under the large skeleton bars, ch.r.. c.t.-connective
tissue; bl.v.-blood vessel; bl.s.-blood space; fr.c.-frontal cilia; If.c.-laterofrontal cilia; l.c.-lateral cilia; m.­
muscle.

groove. This depression at the border of the
gills extends their entire length. The epithelial
lining of the terminal groove consists of columnar
ciliated cells with large cilia and numerous mucous
and eosinophilic cells. The epithelium rests on
a basal membrane. Transverse muscle fibers
extend between the two sides of the groove.
During feeding the grooves are open, the condition
which is shown in figure 128. Their contraction
brings the edges together and closes the groove.
In this way the oyster discards some of the
material which was collected by the surface of
the gill. The rejected particles entangled in
mucus are dropped to the inner surface of the
mantle and are discharged. The direction of the
ciliary beat along the four terminal grooves is
always toward the labial palps and the mouth.

THE MUSCLES OF THE GILLS

The gills of an actively feeding oyster contract
and expand at frequent, although irregular, inter­
vals. This behavior is difficult to notice in an
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intact oyster, but it can be observed in an oyster
in which much of the valve has been cut off
without injuring the adductor muscle and the
gills. The mantle at the exposed area rolls up
and leaves the gills in full view, and if carefully
performed, the operation has no visible ill effect
on the function of the gill.

The most conspicous movements which can be
seen with the naked eye are the muscular con­
tractions at the bases of the gills and the corres­
ponding changes in the position occupied by the
demibranchs. These four structures may stand
apart like stiff leaves of a wide open album or
they remain parallel, touching one another like
the pages of a closed book. There is also a lateral
movement of the filaments which brings them
together or pushes them apart. This movement
frequently occurs independently of the contrac­
tions of the demibranchs and may be limited to
a small portion of the plica. Both types of move­
ments affect the opening of the ostia, which are
widely stretched when either the four demi-
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FIGURE 127.-Cross section of the filament of the gill of
O. edulis, according to Atkins, 1938. an.I.fc.-anterior
laterofrontal cilia; c.f.c.-central frontal cilia; f.f.c.­
fine frontal cilia; para l.fc.-paralaterofrontal cilia;
m.g.-mucous gland; I.-lateral cilia; t.m.-transverse
muscle fiber. Chitinous rods are shown as black areas
under the epithelium.

branchs or only a group of filaments stand apart
and are constricted when the latter are drawn
together.

Changes in the position of the demibranchs de­
pend on two distinct systems of muscles located at
the gill axis above and below the skeletal arches.
In general the muscle fibers follow the configura­
tion of the arches. The larger bands located in­
side the arches are the flexor muscles, which are
attached to the inner sides of the two arms of an
arch (fig. 129, f.). Their contractioll brings the
two adjacent demibranchs together. The smaller
bands at the base of the arch (ex.) are the extensor
muscles, which cause the demibranchs to stand
apart. The action of the two bands shown in the

FIGURE 128.-Terminal groove at the edge of a demi­
branch of C. virginica. Longitudinal section of the
demibranch. Bouin, hematoxylin-eosin.

figure is antagonistic. The extensor bands are
smaller, probably because the elasticity of the
chitinous arches pushes the demibranchs apart and
this springlike action means that less force is re­
quired of the extensor muscles than of the flexor
bands.

Other muscle bands of the gills, although less
conspicuous than the flexors and extensors of the
arches are, nevertheless, of great importance in
regulating the transport of water through the com­
plex gill apparatus and in facilitating the exchange
of blood inside the gill filament. Water tubes of
the gill can be constricted by the contraction of
the muscles underlying the epithelium of the inter­
lamellar septa and extending from one lamella to
another (fig. 121, il.m.) , while the contraction of
the transverse muscles of the interlamellar septa
compresses the blood vessels. The contraction of
the longitudinal muscles of the septa (fig. 121,
l.m.) results in the withdrawal and shortening of
the entire demibranch. This reaction occurs spon­
taneously but can also be induced by stimulation.
The contraction of the interfilamental muscles
(if.m.) brings together the vertical rods of the gill
skeleton, causes the curving of the crossbars, and
constricts the blood space of the filament, forcing
blood into the pallial veins.

Contractions affecting only part of the gill cause
the blood to oscillate inside the gills. Because of
the open nature of the lamellibranch circulatory
system the direct return of blood from the gills to
the auricles cannot be accomplished by the pump­
ing action of the heart. Contra~tions involving
the entire gill apparatus are needed to complete
the renewal of blood.
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CILIATED CELLS

FIGURE 129.-Longitudinal section through the base of
a demibranch of C. virginica. Kahle, Mallory triple
stain. ex.-extensor muscles; f.-flexor muscles. Pieces
of the skeleton arch are shown in black.

The structure and function of vibratile elements
of the cells have been the object of numerous inves­
tigations beyond the scope of this book. The
reader is, therefore, referred to comprehensive re­
views of the problem of ciliary motion made by
Gray (1928) and more recently by Atkins (1938)
and Brown (1950). Several theories based on
studies of the structure and action of cilia fail to
give a satisfactory explanation of ciliary motion,
which at present still remains a biological mystery.

Cilia examined in transmitted light or viewed on
a dark background in reflected light appear to be
optically homogenous. In polarized light they
are birefringent (Schmidt, 1937). Observations
with the light microscope disclose the presence of
an axial filament (axoneme) surrounded by a thin
sheet of cytoplasm (Wenyon, 1926). As a rule,
the cilia emerge from tiny basal granules
near the cell surface and penetrate through the
cuticle, which under the light microscope appears
as a thin homogenous membrane. Studies of
the role and origin of basal bodies in various
ciliated cells have resulted in a great number
of speculations. Experiments by Peter (1899)
showed that in small fragments of a crushed
protozoan the cilia continued to beat as long
as they were in organic connection with the
adjacent pieces of cytoplasm. He deduced from
this observation that the ciliary mechanism is
located near the surface of the cell. Similar results
were obtained with lateral cells stripped away

from the filaments of Mytilu8 gills. The cilia
that were removed from the basal granules re­
mained motionless while those connected with
them continued to beat (Gray, 1928). The
microdissection technique in more recent years
supports these findings. It was demonstrated
that in the ciliated cells of the gills of Anodonta
the motion of the cilia ceases when the cell is cut
transversely in the immediate region of the basal
granules. Transverse cuts made at any level
within the proximal two-thirds of the cell had no
effect on ciliary motion, but if the cut was made
across the zone occupied by the fibrillae or rootlets
in the distal third of the cell, the coordination of
the ciliary motion was destroyed although the
cilia continued to beat. These observations
seem to support the validity of the theory, ad­
vanced independently by Henneguy (1897) and
Lenhossek (1898), that the basal granule, homol­
ogous and sometimes identical with the centro­
some of the mitotic figure, is the center which
controls the activity of the cilium.

With the advance of electron microscopy con­
siderable progress has been made in the study of
the fine structure of cilia. It has been discovered
that throughout the plant and animal kingdoms,
regardless of the position of the organism on the
evolutionary level and irrespective of the organs
studied, cilia have a common structural pattern.
The cilia of the gill epithelium of the oyster are
no exception to this rule. Thin sections of the
frontal and lateral cells of the filaments fixed in
buffered osmic acid and examined under the elec­
tron microscope show a structure which is undis­
tinguishable from that of the cilia of vertebrates,
protozoa, or the tails of spermatozoa. The cilium
consists of a protoplasmic matrix in which are
embedded 11 filaments; 2 single filaments are at
the center and 9 double ones are arranged in a
ring on the periphery. The central pair is con­
nected to the peripheral ring by radial trabeculae
or spokes. Short pieces of dense material join
the outer filaments to the membrane (fig. 130),
which binds more osmium and is, therefore, darker
than their interior, making the cilia appear tubular
(Fawcett, 1958). The two central filaments are
oval shaped in cross section. The plane in which
these filaments are oriented is similar for all the
cilia of the cell and is thought to be perpendicular
to the direction of the ciliary beat (Fawcett, 1958).

FINE STRUCTURE OF THE CILIA
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FIGURE 130.-Cross section of the group of frontal cilia of the gill of C. virginica. Microvilli of the cell surface are seen
at the bottom. Electron micrograph. Buffered osmic acid 1 percent.

The orientation is apparent in the electron micro­
graph (fig. 131) of a longitudinal section of the
distal part of the lateral cell of the filament of
C. virgillica and on transverse sections of the
frontal cilia (fig. 130). Because the latter cilia
are curved in the direction of the beat, they were
cut transversely and appe>1r in the micrograph a
short distance above the cell surface. Their oval­
shaped axial filaments are oriented parallel to the
surface of the cell, i.e., in the direction of ciliary
beat. The membranelike laterofrontal cilia con­
sist of several individual cilia embedded in a
protoplasmic membrane, but each element retains
the typical structure of a single cilium (fig. 131).

The basal corpuscles of cilia are arranged in
rows (fig. 132), and the central part of each is
surrounded by denser cortex, giving the appear­
ance of an empty central cavity. In the longi­
tudinal section (figs. 131 and 132) they are
elongated with a pair of rootlets arising from
each proximal end. Rootlets of the cilia of the
clam, Elliptio complanatus, have a periodic stria-
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tion of about 750 A. Similar periodicity appears
in electron micrographs of oyster cilia made in
the course of my studies, but the picture is not
as clear as that published by Porter and Fawcett
(see DeRobertis, Nowinski, and Saez, 1954, p.
382).

The distribution of rootlets follows a precise
pattern. Each rootlet of a pair turns at an acute
angle and crosses over the rootlet of the adjacent
corpuscle. The rootlets may be followed further
down the cytoplasm toward the nucleus (not
shown in the micrograph); some of them cross
the second rootlet emerging from the other side
of the same corpuscle as can be seen at the center
and left side of figure 132. The crossed rootlets
are in close contact with each other, but it is
not clear whether or not they are fused. Ap­
parently direct communication between the basal
corpuscles is lacking.

The question of whether the rootlets are simply
the anchoring structures of the cilia or play an
active part in its movement remains unanswered.
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FIGURE 131.-Longitudinal section of the distal portion of laterofrontal cell of the gill of C. virginica. Since the plane
of section passes at the middle of the cilium only single axial and two peripheral filaments can be seen. The basal cor­
puscle and the beginning of rootlets are at the lower part of the micrograph. Electron micrograph. Buffered osmic
acid 1 percent.

There is the possibility that they may represent a
coordinating mechanism of the ciliary epithelium.
The fact that the rootlets of the two adjacent
corpuscles cross each other is in favor of this
view, which was advanced by Grave and Schmitt
(1925) on the basis of their observation of the
cilia of fresh-water mussels made with the light
microscope. Exploration with the electron micro­
scope gives additional support to their hypothesis
which, however, requires further corroboration.

The free surface of the ciliated cell appears as
a thin homogenous layer, devoid of visible struc­
ture, when examined in the light microscope. In
reality this layer consists of fingerlike processes
called microvilli (figs. 130 and 132), which are
found in various tissues; they are considered a
device to increase the surface of the cell. Their
number has been estimated as high as 3,000 per
single cell of intestinal mucosa, and there is no
doubt that numerous fingerlike processes greatly
increase the surface area of the gill and facilitate
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the exchange of gases and ions. In figure 132
the layer of microvilli, about 0.5 p. in thickness,
rests upon the plasma membrane of the cells.
The cytoplasm under the membrane contains
numerous mitochondria.

The complex ultrastructure of the ciliated cell
of the oyster gill is shown diagrammatically in
figure 133, which represents a reconstruction of
the principal features seen on electron micro­
graphs. The diagram is based on a large number
of micrographs and summarizes our present
knowledge of the dimensions and arrangement of
the various parts which comprise the ciliated
apparatus of the oyster gill.

Although the mechanism of ciliary motion is
not known, studies of the ultrastructure of the
cilia suggest that the molecular organization
of both cilia and myofibrillae of the muscle cells
are homologous and that the mechanism of their
contraction is similar. This conclusion gains
further support from biochemical studies which
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