











giant form reaching 51.5 mm. in height is found
in the area of Chincoteague Island, Va., and is
considered a subspecies U. cinerea follyensis (fig.
389). As the common name indicates, the Uro-
salpinz attacks oysters and other mollusks by
drilling a round hole in the shell. The hole,
usually made in the upper (right) valve of the
oyster, tapers toward the inner surface; the shape
of the hole identifies the attacker, and the presence
of drilled empty shells on oyster grounds is reliable
evidence of the inroads made by the snail on an
oyster population.

For a long time boring was considered an en-
tirely mechanical process. Observations made by
Carriker (1961a) showed that both chemical and
mechanical actions are involved. Secretion from
the accessory boring organ, called ABO for short,
softens the shell, probably by an enzyme acting
on the conchiolin, and the softened material of
the shell is removed by abrasive action of the
radula. Active drilling continues for a few min-
utes and is followed by a long period lasting up
to an hour of chemical action during which the
ABO gland remains in contact with the shell.

The oyster is not the only victim of drills.
They show preference, in fact, to barnacles, and
usually stop drilling oysters if a rock covered with
live barnacles is placed near by. A well-developed
chemical sense permits the drills to distinguish
between young and adult oysters. If both kinds
are offered to huhgry snails kept in a large tank
with running sea water, the majority of active
drills will choose the young oysters. ‘The drills are
positively rheotactic and in running water orient
themselves against the current. The orientation
is not, however, precise and the path of a moving
drill is a meandering line only generally directed
against the current.

Light has an effect on the orientation of drills.
They move away from a strong source of light,
but move toward it at lower intensities (Carriker,
1955). In dim light, the phototactic response is
lost. In laboratory tests at Woods Hole, I
noticed no orientation of drills toward the window
side of the tank; the drills distributed themselves
at random. They have a tendency to climb
away from the bottom (negative geotaxis) and
congregate on rocks, pilings, and on the wall
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Ficure 389.—U. cinerea follyensis from Chincoteague Island region, Va.
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1-—apertural view; 2—abapertural view;

3—egg cases.
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of tanks. Drills put in the bottom of a vertical
glass tube about 1 inch in diameter and 6 to 8
feet tall, filled with sea water, will climb to the top
of the tube and remain there. Negative geotaxis
is pronounced, particularly during the reproduc-
tive period. At this time drills climb on any
objects above the bottom level and ascend rocks
and various underwater structures to lay their
eggs, which are deposited in tough, leathery cap-
sules (fig. 389, 3). The egg-laying period depends
on geographical location and local conditions.
Summarizing the data from various sources,
Carriker (1955) estimates that the number of
egg cases deposited by one drill per season ranges
from 0 (in an immature female) to 96 for older
females. In Woods Hole harbor, the breeding
season lasts from the end of June to the middle
of August. The number of egg cases deposited
by a single female kept in laboratory tanks
varied from five to nine; the average number of
eggs in each case was nine. The number of eggs
per egg case varied in different localities from
eastern Canada to Chesapeake Bay from 0 to
22 and from 1 to 29 in British oyster beds. (Cole,
1942).

A second species of drill, Fupleura caudata
(Say), (fig. 390), is found in the same waters as
Urosalpinz but is usually less abundant. Various
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observers estimate that in different locations it
comprises from 2 to 29 percent of the total drill
population (Carriker, 1955). The behavior of
Eupleura is similar to that of Urosalpinz. Its
food habits have not been studied, but occasional
observations in the laboratory indicate they are
probably not different from those of Urosalpinz.
In the York River, Va., where the growth and
reproduction of Eupleura were studied by Mac-
Kenzie (1961), the snail becomes active as the
temperature rises over 10° C. Spawning begins
late in May at 18° to 20° C., reaches a peak in
June and early July at 21° to 26° C., and ends in
early August. Mature females (kept in cages)
deposit an average of 55 cases, each containing
an average of 14 eggs. In the absence of mortal-
ity, each female Fupleura may produce over 700
young drills each season. The leathery egg
capsules are vase-shaped with two distal pro-
jections (fig. 390, 3) and are easy to distinguish
from the egg cases of Urosalpinz (fig. 389, 3).
Conchs of the genus Thais occur on both the
Atlantic and the Pacific coasts. The snails have
strong polymorphic tendencies and form local
races which greatly complicate the taxonomy of
the species. A review of the speciation problem
of T. lamellosa Gmelin made by Kincaid (1957)

3.

Centimeter

Freure 390.—Eupleura caudata (Say) from 1—apertural side; 2—from abapertural side, 3—egg cases.
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Ficurr 391.—7T. haemastoma floridana Conrad from the shores of Pensacola Bay, Fla. 1—apertural view; 2—abapertural
view; 3—egg cases.

contains interesting material regarding this and
other species of the genus.

T. haemastoma is a common oyster predator in
the waters of the South Atlantic and Gulf states.
There are two subspecies, T'. haemastoma floridana
Conrad, which occurs from North Carolina to
Florida and the Caribbean (fig. 391), and 7.
haemastoma haysae Clench (fig. 392), common on
oyster grounds of northwest Florida, Louisiana,
and Texas (Clench, 1947). T. haemastoma flori-
dana is a medium-size gastropod with a relatively
smooth shell and a single row of low spines. T.
haemastoma haysae is a large, rugged snail, some-
times measuring 4% inches in height. It can be
distinguished from the other subspecies by double
rows of prominent spines around the whorls and
spire.

The behavior of the two varieties apparently is
similar. The conchs feed on oysters and other
mollusks, penetrating their shells from the edge
by using the ABO gland or by drilling holes in the
shell (Burkenroad, 1931; Carriker, 1961a). The
entrance at the edge of the valves is often in-
conspicuous and may be easily overlooked.

Conchs multiply very rapidly because of their
great fecundity and high survival rate of larvae.
Thais haemastoma lays eggs in groups of about 800
to 975 enclosed in each egg case, with each female
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depositing more than 100 cases. These figures
refer to my laboratory observations on conchs
kept in captivity. The eggs are deposited in
horny and transparent egg cases of a creamy
color, which becomes brownish and finally turns
reddish-purple. The breeding season in Louisiana
waters begins by the end of March and reaches its
peak in April and May. There is usually a rapid
decline of egg laying in June and a complete
cessation of reproduction in July. At the begin-
ning of the breeding period the conchs become very
active and develop a strong tendency to climb on
structures and rocks to attach their egg cases
above the bottom. Because of this behavior they
can be trapped during the breeding season on
stakes which the oyster growers erect on the
grounds. Gregariousness is very pronounced, and
many conchs can be trapped in this way in a rela-
tively short time. The number of egg cases
attached to a single stake may be enormous. One
stake which I obtained as a sample was covered
with a solid mass of egg capsules over a 5-foot
length; the estimated number of cases was about
8,000. The incubation period is not known
definitely, but judging from the growth of hydroids
and other fouling animals on the conch cases,
I believe it is not less than 2 weeks.
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Figure 392.—T. haemastoma haysae Clench from Bastian Bay in the lower part of the Mississippi River delta.
1-—apertural view; 2—abapertural view. Natural size.

The larvae that escape from the egg capsules are
veligers, which pass through a free-swimming
period of unknown duration, and are widely dis-
persed by tidal currents before they settle on the
bottom and begin attacking small oysters and
other bivalves.

The distribution of Thais is checked by fresh
water. The conch is immobilized by a salinity of
10°/00, and a 1- or 2-week exposure to a salinity
of 7°/oo kills them (Schechter, 1943).

The effect of sudden changes in water salinity
on the rate of crawling of Thais was corroborated
by my observations at the Bureau of Commercial
Fisheries Biological Laboratory at Gulf Breeze in
northwestern Florida. The crawling of these
snails in the tanks was automatically recorded on
a kymograph. The movements stopped immedi-
ately when the salinity of the water was artificially
reduced from 15°0 or 17°6o to 8°/oo Or 9%/o,.
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The snails became active again when the salinity
returned to the former level.

Two species of conchs found on oyster grounds
of the Pacific coast are Thais lamellosa Gmelin
(fig. 393), a native snail, and Ocenebra (Tritonalia)
Japonica Dunker (fig. 394), introduced from Japan.
T. lamellosa has been considered by some fishery
biologists as a predator on 0. luride, but Kincaid
(1957) discards this view as not substantiated by
his 50 years of familiarity with the marine fauna
of the region. He states that since T. lamellosa
feeds mainly upon barnacles and mussels, the snail
should be classified as ‘““the only invertebrate
friend”” of the oyster, presumably Dbecause it
destroys its competitors. Chapman and Banner
(1949) found that under experimental conditions
T. lamellosa drilled some O. lurida, but that in a
natural environment it showed a preference for
mussels (Mytilus edulis).
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Ficure 393.—T. lamellosa Gmelin, a native species of the Pacific coast of the United States.

Centimeters

1—apertural view;

2-—abapertural view.

The Japanese species, Ocenebra japonica, is far
more dangerous than the native snail. Mortal-
ities due to devastation by this snail are estimated
at 154 to 22.6 percent. The first specimens of
0. japonica were introduced into the waters of
Puget Sound with the planting of Japanese seed
oysters, a practice which began in 1902 and 1903
and which reached considerable proportions by
1922 when from 1,500 to 4,000 boxes, each con-
taining about 5,000 seed, were planted annually.
In October 1928 while examining the oyster beds
in Samish Bay, Wash.,, I found a number of
0. japonica Dunker (Galtsoff, 1929, 1932), and
warned oystermen and state officials of the possible
damages that could result if the practice of bringing
infested seed oysters from Japan was continued.
The warning received no attention. In the late
1940’s Ocenebra was well established in the waters
of Puget Sound and became a serious menace to
the native oysters. When given a choice of food,
Ocenebra prefers 0. luride and Manila clams,
Venerupis japonica, to C. gigas (Chew, 1960). It
drills holes in the shell by combined chemical and
mechanical action (Carriker, 1961a). The fertil-
ity of the species is high, the female laying an
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average of 25 egg cases, each containing about
1,500 eggs. The egg cases are often found in the
inaccessible crevices of the concrete walls of dikes
surrounding the Olympia oyster beds. Salinity of
18°/0o adversely affects Ocenebra, and brackish
water of less than 12°/,, salinity is lethal.

Large conchs or whelks, Busycon carica Gmelin
and B. canaliculatum Linné, are common in the
shallow water of the Atlantic coast and occa-
sionally attack oysters and open them by inserting
the edge of the shell between the valves and
forcing them apart (Colton, 1908). Carriker
(1951) reinvestigated the problem and found that
penetration of shells of oysters and clams is a
purely mechanical process which consists of chip-
ping by the edge of the conch’s shell combined with
rasping of the radula. The shell edge of an oyster
destroyed by these conchs bears the marks of the
attack (fig. 395). In the northern part of Cape
Cod, Busycon seems to attack the oyster in prefer-
ence to other mollusks, annelids, or dead fish,
which they are known to consume. Local depre-
dations on oysters observed in the Cape Cod area
(Shaw, 1960, 1962) may be severe enough to war-
rant trapping of conchs during their reproductive
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Fraure 394.—O0. (Tritonalia) japonica Dunker, Japanese species from oyster bottom of Puget Sound, Wash. 1—apertural
view; 2—abapertural view; 3—egg case.

cycles. In Cape Cod estuaries, egg cases of conchs
are a familiar sight on tidal flats at low water
(fig. 396). Under experimental conditions the
conchs were found to consume in summer about
three adult oysters per week (Carriker, 1951),
Small parasitizing pyramilid snails of the genus
Odostomia (Menestho) congregate in large numbers
at the very edge of oyster shells. When the
valves are open, the snails extend their pro-

Ficure 395.—FEdge of the shell of an oyster killed by
Busycon in Oyster River, Chatham, Mass. Straight
line at the lower edge of the shell indicates the place of
rasping by the conch’s radula after the valves were Ficure 396.—B. carica depositing egg capsules at low
chipped. Tide. Woods Hole.
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