


As the worm grows the cavity it occupies is
enlarged by boring to provide for its increased size.
Several shell layers are deposited by the oyster
over the blister. The mechanism of boring is not
well und.wtood; probably erosion of the shell is
accomplished by a combined chemical and me­
chanical action. P. ligni is found living in mud
tubes on tidal flats or attached to shells and rocks.
On several occasions the reproduction of P. ligni
on the oyster bottoms of Delaware Bay was so
rapid that nearly every live oyster of the affected
area was killed by a deposit of mud several inches
thick consisting of numberless live worms and their
tubes. The process of gathering mud by Polydora
is shown in a photograph (fig. 371) taken of a live
worm, which was placed in a glass tubing for
observation in the laboratory.

Oysters themselves accumulate large quantities
of organic sediment, which is discarded with the
feces. During feeding the oyster discharges fecal
ribbons at the rate of several centimeters per
hour. In a sluggish current large quantities of

fecal masses settle in the crevices between the
oysters and contaminate the bottom. The situa­
tion may become serious enough to cause a decline
in the productivity of oyster beds, as has been
demonstrated by Japanese biologists (Ito and
Imai, 1955).

Organic material constitutes a major portion
of marine muds. The physical properties of a
sediment may be of lesser importance to oyster
ecology than the complex biochemical changes
associated with the bacterial decomposition of
its organic components that result in the forma­
tion of carbon dioxide, ammonia, phosphates,
sulfates, and various organic acids. In the case
of anaerobic oxidation, methane and hydrogen
sulfide are formed (Waksman, 1942; Waksman
and Hotchkiss, 1937). The effect of these prod­
ucts of decomposition on bottom populations
probably is the main reason for the slower rate
of growth for oysters on the bottom than for
those which are kept above the bottom on trays
or are suspended from rafts and floats (Shaw,

FIGURE 371.~Photograph of live P. ligni collecting mud. The worm is contained in a glass tube placed in sea water
containing silt in suspension. :Mud particles along the grooved antennae are transported toward the mouth and
have begun to accumulate at the edge of the glass tubing.
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FIGURE 373.-Mud board for measuring the accumulation
of sediment on tidal flats.
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1962). It appears paradoxical but true that the
conditions of a natural environment do not add
up to the ideal situation for the life of a bottom
inhabiting mollusk such as the oyster. Location
on rocks and underwater structures above the
mud line appears to offer a more favorable environ­
ment.

Determination of the amount of silt settling
on the bottom can be made with a mud trap of
the type shown in fig. 372. The trap consists
of a metal funnel riveted to a metal frame and a
quart size ~ntainer (fruit jar) screwed to the
funnel. The trap is set on the bottom for the
desired length of time, then carefully lifted, and
the amount of sediment settled over the area of
the funnel and inside the jar is measured.

Data obtained with a mud trap of the type
shown above measure the rate of settling of sedi­
ments on the bottom. One should bear in mind,
however, that a certain portion of the sediment
deposited during slack tide may be washed away
as the current velocity increases with tidal
changes. Furthermore, mud already settled on
the bottom may be stirred by wave action and
resettle on an adjacent area. The actual accumu­
lation of sediment can b'e measured with a mud
board of the type shown in fig. 373. A wooden
stake 36 inches high supports a flat board 18
inches long and 6 inches wide, mounted hori­
zontally, and the stake is forced into mud so
that the board is level with the bottom. This
type of trap can be used conveniently on tidal
flats.

A trap to be used below low water can be made
of a flat board %square yard in area. To prevent
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FIGURE 372.-Mud trap for collecting sediments settling
from water.

the loss of sediment the board has slanted borders
about 4 inches wide, projected above its upper
surface. The trap is set on four short legs; its
surface is ruled in squares to facilitate the measure­
ments of the area covered with sediment. The
thickness of the sediment is measured with a
ruler. Since the board cannot be lifted without
disturbing and losing the accumulated sediment,
observations must be made by a diver.

An indirect estimate of the amount of material
in suspension can be made by using a Secchi
disc and recording the depth of extinction of white
color. The results are affected by the visual
acuity of the observer, illumination, and the
condition of the sea surface.

The amount of suspended material in a sample
of water can be determined with a simple tur-
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bidimeter of the type used primarily in fresh-water
studies; more accurate results are obtained with an
electrophotometer and spectrophotometer. The
turbidity of the collected samples is compared with
standards made of known dilutions of a suspension
of 1 g. of kaolin (or silica clay) in 1 1. of water.

Evaluation of the effect of sedimentation on
oyster bottoms can be made by considering the
location of oyster bottom in the estuary; the
amount and character of sediment in suspension;
the type of estuarine circulation; and the rate of
accumulation of sediment on oysters. A score
of zero is assigned to the ideal conditions under
which no deposits settle on live oysters. The
opposite extreme, valued at 10, is found in the
areas of heavy sedimentation, not suitable to
oysters. All intermediate conditions scored from
1 to 9 can be evaluated on the basis of field
observations.

DISEASE

Oysters suffer from both noncontagious and
infectious diseases. The first category is associated
with the malfunction of physiological systems of
organs and deficiencies in the environment, such
as lack of food, unsuitable salinity and water
temperature, and pollution by domestic sewage
and various trade wastes. The second category,
infectious diseases, is caused by pathogens and
parasites. Clear distinction between the two
types of pathological conditions is not always
possible because resistance to infection is lowered
by an unfavorable environment, and an oyster
weakened by adverse conditions more easily
succumbs to infection.

With few exceptions the outward symptoms of
a disease are nonspecific. The more common
symptoms are slow growth, failure to fatten and
develop gonads, recession of the mantle, and
valves that remain slightly agape. There is often
a corresponding abnormal deposition of shell
material that in a chronic condition causes the
formation of short and thick shells ("huitre
boudeuse" of French biologists). ThE} valves do
not close tightly because the adductor muscle is
weakened. The body of a sick oyster is watery,
often discolored (dirty green and brown), and
bloody with blood cells accumulating on the
mantle and on the surface of the gills.

The etiology of oyster diseases is not well
known. A few microorganisms infecting the
oyster have been definitely identified as pathogens;
the taxonomic position of others is not known,
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and some are called by code numbers. Oyster
populations throughout the world suffer from
periodic widespread mortalities which may be
associated with infections, but since the life
cycles of some of the pathogens have not been
described, the evidence remains circumstantial.

The widespread mortality of oysters rarely can
be attributed to a single factor of the environ­
ment; in most cases it occurs as a result of the
combination of several adverse conditions in­
cluding infection.

Malpeque Bay disease

One of the most persistent and mysterious ail­
ments of oysters is the Malpeque Bay disease,
which in 1915 and 1916 struck the populations of
O. virginica in the bays of Prince Edward Island,
Canada, causing the death of 90 percent of the
oysters, and in later years appeared along the
Canadian mainland. The most distinctive symp­
tom associated with the disease was the occurrence
of yellow-green pustules, up to 0.5 cm. in diame­
ter, on the surface of the visceral mass, along the
edges of the mantle, and on the adductor muscle
and the heart. Despite lengthy field and experi­
mental studies conducted from the epidemic year
to the present, the causative agent has not been
found, although there is no doubt that the mortal­
ity of Malpeque Bay oysters was due to an in­
fection (Needler and Logie, 1947). With the
expectation that the survived oysters were of
disease resistant stock, the Department of Fish­
eries of Canada and the Fisheries Research Board
organized in 1957 a rehabilitation project and
transferred oysters from Prince Edward Island
to devastated mainland areas. Unfortunately the
hopes did not materialize fully since a high propor­
tion of the spat that settled on the rehabilitated
area did not show the expected level of resistance.
It is hoped, however, that a resistant stock will
develop from a small number of survivors over a
period of several years (Drinnan and Medcof,
1961) .

Dermocystidium marinum

Dermocystidium marinum Mackin, Owen, and
Collier, a fungus of uncertain taxonomic position
infecting O. virginica, is probably the most danger­
ous pathogen associated with periodic mortalities
of oysters in the waters of southern States. The
microorganism infects oyster tissues producing
single, spherical, vacuolate cells which reproduce
by endogenous free cell formation and subse-
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FIGURE 374.-Drawings of DermocY8tidium marinum
stained with Heidenhain's iron hematoxylin and eosin.
A-A mature spore with markedly irregufar vacuoplast,
cytoplasmic inclusions, and very large vacuole. B­
Multiple fisSion resulting in several daughter cells. e-­
A binucleate stage with chromatin in diffuse condition,
and showing beginning vacuolation of the cytoplasm.
D-An immature spore with small vacuole and vesicular
nucleus. Figure 1 from Mackin, Owen, and Collier,
Science, vol. 111, No. 2883, 1950, p. 329.

tissues are washed in sterile sea water, then placed
for 10 minutes in a 10 percent solution of sodium
merthiolate (1:10,000), washed again in sea water,
and allowed to remain for several hours in sterile
sea water fortified with 1,000 units each of strepto­
mycin and penicillin. Tissues parasitized with
Dermocystidium disintegrate completely in about
a week, while in the controls they remain intact.
The debris of disintegrated tissues consists mainly
of minute spheres of Dermocystidium cells. Unfor­
tunately the contamination of samples with molds,
yeast, and ciliate protozoans could not be entirely
prevented and failures were "much more frequent
than were successes, and most of the experiments
were discarded." The data presented by Ray,
Mackin, and Boswell show that the major effect of
Dermocystidium infection is marked loss of weight,
averaging 33 percent.

The infection may combine with other factors to
produce a mortality of oysters which, according to
Mackin (1961a), can virtually destroy seed oysters
planted in Louisiana in a single summer. Dermo­
cystidium studies in southern waters established
the significant fact that the effect of the parasite
"is not only a matter of disease but of season,
summer losses accruing from disease being signif­
icantly greater than those of early spring months"
(Ray, Mackin, and Boswell, 1953). The impor­
tance of environmental factors (temperature and
salinity) is clearly demonstrated by these findings.

According to Mackin (1961b), the disease
caused by Dermocystidium affects the oysters from
Delaware Bay to Mexico but in the more northerly
part of the range is not apparent in winter. It is
not clear, however, if Dermocystidium remains in a
dormant stage or if it disappears from oysters.
In the Gulf States winter temperatures are prob­
ably not low enough to eliminate the parasite, and
consequently considerable mortality may occur in
mild winters.

Dermocystidium marinum and possibly other
species of the genus have been reported from
O. frons, O. eguestris, O. lurida, Mya arenaria,
Mulina lateralis, Macoma baltica, Mercenaria
(Venus) mercenaria, Anadare transversa, Anomia
simplex, Ensis minor, Laevicardium mortoni, and
Lyonsia hyalina (Johnson and Sparrow, 1961, p.
540).

Many phases of the life history and biology of
Dermocystidium require elucidation, particularly
the transport of spores by water and their pene­
tration into the tissues, the details of reproductive

D.

B.

c.

A.

quently liberate uninucleate sporelike bodies.
The following detailed description of the species is
reproduced verbatim from Johnson and Sparrow
(1961, p. 539):

Mature thallus a hyaline, spherical, spore-like body,
2-30).1, averaging about 10).1 in diameter; each cell con­
taining a large, slightly eccentric vacuole in which a
polymorphic, refractive vacuoplast usually occurs; nucleus
oval, eccentric; cleaving internally to form a short hypha
terminated by an apical, conidium-like swelling.

Dermocystidium can be identified on cross-sections
of an oyster stained with hematoxylin, Giemsa or
other histological stains, or in teased preparations
stained with Lugol solution (fig. 374).

Identification of Dermocystidium by microscopic
examination of tissues is time consuming and
difficult. The diagnostic technique developed by
Ray, Mackin, and Boswell (1953) facilitates the
examination of large numbers of samples. Small
pieces of tissues are removed from the gaping
oysters and placed in Carrel tissue culture flasks
containing a small amount of sterile water to which
streptomycin and penicillin have been added to
prevent bacterial growth. Prior to excision the
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