III. THE CAUSES OF DEATH IN ARTIFICIALLY-REARED
LOBSTER FRY.

By Frebperic P. GorHAM,
Associate Professor of Biology, Brown University.

Attempts to rear lobster fry through the first three stages of
development under artificial conditions ha\(, been attended by many
difficulties. Although protected from most of their enemies when
kept in confinement, the fry are still subject to attacks of various
kinds, and the eclimination of these destructive agents must be accom-
plished before complete success in lobster culture can be attained.
Cannibalism was one of the most conspicuous causes of loss in the
early experiments, and an abundant growth of diatoms, other algs,
and protozoa, covering the bodies and appendages and interfering
with movement and feeding, bas destroyed large numbers throughout
the progress of the work. A fatal fungus which attacks them has also
been a factor difficult to contend with.

During the summer of 1902, at the request of Dr. Hugh M. Smith,
then chief of the division of scientific inquiry of the U. S. Fish
Commission, I undertook the study of these causes of death in
lobster fry, with a view to suggesting remedial mecasures. Observa-
tions were begun as soon as the experimental hatching and rearing
plant at Woods Hole was installed. This apparatus was operated
under the direction of the special commission for the investigation of
the lobster and clam, and is described in detail elsewhere in this
report.

CANNIBALISM,

The first fry were placed in the bags May 19, 1902, but the fans
were not set in motion until June 3. Cannibalism was especially
marked when the fry were in crowded quarters or were allowed to
collect in corners. It was evident that they must be kept in a recep-
tacle large enough to allow each individual considerable space to him-
self; otherwise, if they did not devour each other, they suffocated and
became foul. Moreover, they must be supplied with an attractive
food with such frequency that they were not tempted to feed upon each
other.

The first two of these conditions, plenty of room and continual
motion, are well met by the rearing apparatus used by the special com-
mission. The third-—that of food supply—requires further attention.
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On the securing of a proper food supply depends not only the pre-
vention of cannibalism, but also, as we shall see later, what is of far
more importance—the length of time required to pass through the
early stages and the escape from the growth of diatoms.

In the experiments at Woods Hole the fry were fed for the most part
finely chopped lobster liver, clams, and menhaden. None of these
proved an ideal food; perbaps that of most value was the clams.
Further experiments to discover a suitable food for the fry are
greatly to be desired, as on this depends to a large extent the practi-
cability of rearing the fry at all successfully. A further discussion
of this important question will be found under a later section of this
paper.

DIATOMS.

It was the abundant growth of diatoms on the surface of the body
and on the appendages that first led to a consideration of the causes of
death of the fry. It was supposed that the growth was a parasitic
fungus, but microscopic examination soon showed that it was merely
an external growth of a few protozoa and algw, and very many diatoms
of a foew well-defined species. These did not at all endanger the life of
the lobster, except in so far as they were a mechanical obstruction to
his movements. They did not penetrate his chitinous shell and were
all thrown off at each molt.

CORRELATION OF THE LIFE HISTORY OF THE FRY AND THE PRESENCE
OF DIATOMS.

Absence of diatoms on adult lobsters and on eyys when attached to the
Jemale.—The lobsters and eggs examined came from the inmediate
vicinity of Woods Hole, from Gloucester, Mass., Block Island and
Narragansett Pier, R. 1., and from Noank, Conn., and no diatoms were
found on the adults or on the eggs when attached to the swimmerets
of the female. On the stalks by which the eggs are attached to the
appendages of the female there are frequently colonies of a vorticella
(Zoothamniwm elegans D’Udekem), but these are seldom found on the
eggs and never on the fry, and so have no bearing on the problem
under consideration.

Diatoms on the eqgs and fry in the hatching-jars.—When the eggs
are placed in the McDonald hatching-jars the diatoms make their
appearance within twenty-four hours. The species that first appears,
in fact the only species that appears on the eggs while in the jars, is
Liemophora tincta, the one destined to be the most abundant through-
out the life of the fry (pl. 1v, fig. 1).

In cases where the fry hatch within twenty-four hours after the
eggs are placed in the jars, some of them, in a few hours after emerg-
ing from the eggshell, have a considerable number (14-25) of diatoms
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on their appendages. Others remain perfectly clean. 1In the hatching-
jars the growth of diatoms never becomes abundant either on the
eggs, cgg-stalks, or fry.

Diatoms on the fry in the rearing apparatus.—As soon as the eggs
or fry are placed in the bags of the rearing apparatus, the growth of
diatoms is greatly accelerated, and eggs, cgg-stalks, and fry are soon
covercd with them (pl. 1v, figs. 8, 6, and 7). The fry become brownish
and shaggy to the naked cye, are impeded in their movements and
in their feeding, and soon perish unless the act of molting intervenes
to rid them of their unpleasant burden.

As already stated, in the hatching jars but one species of diatom is
present (Leemophora tincta). Upon removal to the rearing bags the
number of species increases, and although Zicmophora tincta is always
the most abundant at Woods Hole, other species also are present in
large numbers. A list of the species and their relative abundance
will be found in a later section.

Diatoms on the different stages of the fry.—The eggs and fry of the
first, second, and third stages become badly covered and in many cases
killed by the diatoms. When an individual survives and molts to
the fourth stage he is less liable to infection. He is now a more active
swimmer. He swims not merely to kecp afloat, but to go swiftly from
place to place, to retreat from danger, or to capture his food. His
shell is harder, his limbs and appendages are larger, less feathery,
less adapted for the attachment of the diatoms. Iis manner of life
is changed. He now secks the bottom and crawls about and hides
under stones, shells, and seaweed, or even burrows in the sand—a
manner of life that enables him to free himself to a large extent from
any cxternal growth. DBut even in this fourth stage certain individu-
als become covered with diatoms, particularly when they do not have
access to a sandy bottom. Individuals of the fourth stage have been
observed with a growth of algwe one-half inch long, and in one case
an amphipod tube, with its living occupant, was closely attached to
the curapace (pl. 1v, fig. 5). In this stage, however, diatoms are not so
troublesome and probably are never the cause of death, particularly if
" the fry are transferred to cars with a sandy or gravelly bottom.

DIATOMS AND THE PROCESS OF MOLTING.

As is well known, the process of molting usually takes but a few
moments. Not infrequently, however, something goes wrong, the
fry becomes entangled in the old shell, the struggle is quite prolonged,
and often the lobster dies in the process. The method of molting is
the same in all stages of the lobster; the old skin splits across the
back between the thorax and the abdomen and the body is worked out
from this opening, leaving the old shell with all the appendages
intact. If the old shell is covered with diatoms, some of these are
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