II. EXPERIMENTS IN LOBSTER REARING.

By Grorar H. Snerwoon.

Under normal conditions the eggs of the lobster are laid in July and
August, and, attached to the swimmerets along the lower side of the
abdomen, are carried by the female until they hateh, the period being
usually ten or eleven months, but depending somewhat upon the tem-
perature of the water. The hatching season at Woods Hole is ordi-
narily from the middle of May until the 1st of July; on the Maine
coast it is a week or two later. Not all the eggs develop with the
same rapidity, so that the young are probably widely distributed as
the mother moves about.

Immediately after hatching the fry are free-swimming, but, as has
been many times described, they undergo a metamorphosis and become
in the course of three or four weeks full-fledged lobsterlings, possessing
pinching claws, a hard shell, and other anatomical characters of the adult.
At this stage there is a remarkable transformation in their disposition
and habits. They become combative and pugnacious if disturbed, but
retreat from danger, hiding in the seaweed, under stones, or even bur-
rowing in the sand, their color harmonizing with their surroundings;
their movements are active and vigorous, and in many respects they
are capable of taking care of themselves.

Each of the three stages of early development is completed with the
molting or shedding of the skin or shell. This process continues
throughout the life of the lobster, becoming more infrequent, how-
ever, with increased age. During the larval stages, especially, it is a
severe drain on the vitality, for a time leaving the fry exhausted and
almost entirely helpless. These early metamorphoses are the most

* critical period-in the life of the lobster, and the mortality at this time
limits the effectiveness of planting newly hatched fry; moreover, it is
during this cnfeebled condition that the natural enemies are most
active.

When the young lobster emerges from the cgg it bears little resem-
blance to the adult either in cxternal form or in habit. It swims
ailessly or floats at the surface of the water, occasionally seizes a
particle of food, but apparently has no sense of danger. Its bright
colors and activity render it conspicuous to the numerous predatory
fishes, and currents carry it far from its native waters. 1t is safe to
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say that not more than one in a thousand reaches maturity. If the
fry are retained in artificial inclosures some of the natural enemies
are eliminated, but new agents of destruction arise.

Many years ago the cannibalistic tendencies of confined larvie were
noted, and were found to be especially strong during the molting
periods. The young possess an almost insatiable appetite, and devour
all weaker brethren within reach. From the exhaustion incident to
molting, they settle to the bottom of the inclosure, collecting in masses
at the lowest points, and the mortality from cannibalism and suffoca-
tion is astonishing. This loss is also materially increased by the attack
of a vegetable growth (diatomaceous) which infests even the most vig-
orous and healthy fry. They are so thickly coated with these diatoms
as to look like balls of chenille; they become logy and inactive, refuse
food, and eventually settle to the bottom and die.

It is evident, then, that the mere hatching and distributing of a large
number of fry can have little if any effect toward reestablishing the
waning lobster industry. 1f, however, it were possible to carry the
young lobsters through the critical larval periods to the stage when
they assume the habits of the adult, and thus are able to protect them-
selves, there is reason to believe that a much larger percentage would
reach maturity. It was, theén, to the difficult problem of rearing the
fry through three molts to the lobsterling stage that the special com-
mission first turned its attention. In 1898 Doctor Bumpus began a
series of experiments which covered a period of two yecars, and con-
siderable preliminary work had been done when the special commission
took up the problem. The difficulties referred to above were thor-
oughly understood. It should be remembered, also, that the hatching
season covers at most a period of only eight weeks, and frequently
three weeks’ time or more is necessary to test the practicability of any
experiments. Two failures mean the loss of a season.

In the experiments of 1898 and 1899 a variety of inclosures was
tried—cars of wood and cars of wire net{tmg, some with gravel hot-
tom and some containing sand, glass aquaria and aquaria of stone,
balunced aquaria and aquaria with automatic plungers, deep and qlml-
low dishes of earthenware and gluss, cars made of scrim cloth and
deeply submerged, others of scrim and floating, and natural pools
both large and small, in which the tide rose and fell. ‘These various
receptacles were loca.ted in many places in the vicinity of Woods
Hole; some were placed in the hatchery and fed by water from the
pumps, others were placed in the “*pools” and waters adjacent to the
station, some in Eel Pond, some near Ram Island, and some even
at Hadley Harbor, where there could be no question of the purity of
the water. Neither the nature nor location of the receptacle, how-
ever, nor the kind of food, changed the course and outcome of the
experiments. The fry seemed to thrive until about the time for the
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first molt; then there was a heavy mortality, which occurred again at
the second and third molts. Rarely could more than half a dozen
lobsterlings be obtained, whether the original number of fry was a
score or a thousand.

Toward the close of 1899 there was a receptacle devised which
promised more satisfactory results than all the others. This was a
rectangular bag 8 feet long, 4 feet wide, and ¢ feet deep, made of
cotton serim.  The top of the bag was attached to a wooden frame
floating on the surface of the water, while the bottom was kept sub-
merged by means of sinkers. Since the bag was merely suspended in
the frame, and its sides were not rigid, the fluctuations in the currents,
due to tide or wind, kept the sides waving continuously back and forth
with a kind of undulating motion. ‘This motion of the bag created
circulation and prevented the fry from sinking to the bottom. With
only three of these bags about 100 lobsterlings were reared in 1899,

THE FIRST SEASON’S WORK (1900).

It had frequently heen suggested, and the repeated failures in pre-
vious years seemed to indicate, that the environmental conditions at
Woods Hole were not at all favorable for the development of young
lobsters. To test the correctness of this view and to discover if pos-
sible a locality better suited to the needs of the fry, it was decided to
try experiments with the same apparatus at various other localities
on the New England coast as well as Woods Hole.  The places selected
were Orrs Island, on the Maine coast; Anmsqunm River, near Glouces-
ter, Mass., and Wickford, R. 1., on Narvagansett Bay.

EXPERIMENTS AT WOODS HOLE.

Since the floating scrim bag had proved the most practical inclosure
and promised interesting results, the special commission decided to
adopt it for the first investigations in 1900, and early in May prepara-
tion for the work was begun at the Woods Hole station. Several
large floats or rafts were constructed of heavy planking and buoyed
with casks. Kach float was about 16 by 12 feet, and was capable of
holding G bags of the standard size (8 by 4 by 4 feet). Later larger
bags were tried, some 8 by 6 by 4 feet and others 16 by 12 by 4 feet,
but on the who]e the small bags gave the most satisfaction. All the
bags were made of the coarsely woven cotton scrim above mentioned.

The first experiment was started May 23, when 950 young (the first
of the season) were taken from the hatchery and placed in the bag
moored in the inner basin at the station. These were fed twice a day
for five days with surface towings, which consisted mostly of cope-
pods.¢ This did not prove a practical food, however, as it was often

It was belleved from the work in 1899 that theplunkwn was the natural food ()[ the young lobster,
and that it was the solution of the food question.
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impossible to procure suflicient quantities. After the failure of the
plankton supply, lobster liver was used as food and continued until the
close of the experiments,
The fry began to molt on May 28, and on June 1, or ten days from
date of hatching, the majority of those alive were in the second stage;
“but the mortality, was considerable, only 486, or about one-bhalt the
original number, having survived. On June 3, | had reached the third
stage, but it was sixteen days from the date of hatching before a major-
ity had passed the second molt, and even greater mortality occurred
during this period than during the first, only 36 passing successfully.
Of these, 19, or ¢ per cent of the original number, reached the fourth
stage, their age at this time heing twenty-five days. This percentage,
small ag it is, was encouraging, although it was the largest percentage
secured at Woods Hole by the methods of 1900.
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From the foregoing table it will be seen that although the floating
serim bags were in many respects superior to other inclosures, they did
not yield results of particular importance. It was proved, however,
that as long as there was a current in the water the bags worked well,
though at slack water or during calm weather, when the sides of the
bag were motionless, the fry sank to the bottom, collected in masses,
and perished by the thousand. Calms of only a few hours’ duration
were suflicient to cause the failure of many experiments.

EXPERIMENTS AT ORRS ISLAND, ME.

The work on the Maine coast was in immediate charge of Dr. W. C.
Kendall, who began his work at Orrs Island, in Casco Bay, in the
latter part of June. Floats were constructed and equipped with serim
bags like those used at Woods Iole. They were anchored in a “gut-
ter” between Orrs Island and Baileys Island, where the rising tide
brought in cold clear water from the open sea. It was believed that
this would prove an admirable place for lobster culture, as the water
was free from all contamination.

On June 23 a shipment of 500,000 fry was received through Capt.
E. E. Hahn from the Gloucester hatchery. They were transported
from Gloucester in the well of the schooner Grampus and arrived in
good condition. The fry were distributed to three small bags and
regularly fed with finely chopped lobster liver.  Only 20 became lob-
sterlings. A second shipment of 500,000 was received about the
middle of the season. They were nursed in one of the large bags
(16 by 12 feet), and 59 finally reached the fourth stage. The work
was closed August 6.

The history of these experiments is practically a repetition of that
at Woods Hole. The fry scemed to do very well for a few days,
then died in great numbers. In one bag containing 1,245 lobsters,
actually counted, 75 per cent died the first week. Diatoms were
abundant and infested all the young. '

EXPERIMENTS AT ANNISQUAM, MARS,

A plant consisting of a float and large bag was constructed on the
Annisquam River near Annisquam, and on July 6 about 100,000 fry
were brought from the Gloucester hatchery in transportation cans.
Both clam and lobster liver were used as food. During a gale on J uly
11 the bag was blown out of the water and most of the lobsters were
lost, but with the few that were saved the experiment was continued
until July 14,

The death rate was about the same as in the other localities, but
diatoms were less abundant. The growth of the fry was more rapid
than at either Orrs Island or Woods Hole. The first second-stage
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lobster appeared on the fifth day from date of hatching, and three
reached the lobsterling stage on’the tenth day.

The water at Annisquam is very shallow and is much warmer than
in the open ocean. The temperature during the experiments ranged
from 64° to 76° F.

EXPERIMENTS AT WICKFORD, R. L

The Rhode Island Commission of Inland Fisheries generously
accorded the use of its new floating laboratory at Wickford, R. 1.,
for experiments at this point, and Dr. A. D. Mead, biologist of the
State commission, gave special attention to the work.  Much credit is
due Doctor Mead for his energy and interest in the investigations and
for the magnificent results obtained.

Al the lobster fry used were transported on the steamer Fhalarope
from the hatchery at Woods Hole. The apparatus employed in rear-
ing was the same as at Woods Hole and clscwhere—namely, scrim
bags and floats. The first shipment, estimated at 2,000 fry, was
received from the Woods Hole hatchery on June 1 and placed in
small bags. They were fed with lobster liver and soft parts of clam,
and grew rupidly. Although many died during a calm on June 3, 320
reached the fourth stage.  The average interval before the appearance
of the lobsterling in this experiment was 16 days, while at Woods
Hole the average time was never less than 22 duys.



f Kxperiment number.

P

=S

> on

Tasvn LL~Detols o obter-reving experinnts o Wiekford in 1909,

. ! 5 lo s e low la
R RERERER
t SolealE o3 td |, 5 laeyl
. : T vl ou Y kB B T
X 9 | N I R A
B0 T w K|l [
il Onditon | §% | 22 |56 | 4 | Ee | " g, [z
S1r g b we | 3¢ | gl 20 tifs | EE g, [ Rematks
gl et | § : ap | SR T | MY PeRdl
Pl reetved, | ea | Sl =gl £ | 5ngs
w1 8g ve | Sh | GE| 85 sb v |gd, iR
o “ 0 ¢ Eﬁ - E e ‘Es gc; 33,.::
0 Y - “ W e l.‘:: H -
'AERE: ELT L |7 E T iE
ARz VR R TR R IR ¢ B
| o
My 31, June 1| 2,000 Lobster Hver, | Good .............. June € June 9........, June 13\ June 16106 days| 85 | 3% | Calm on Jung 3 Bugs changed at
‘ £Jams, Lo third stage; killed many,
Jume 8 June 9| 2,00| Cams....,, ... (TN Jung4....... Tune ) Juoed | une 813 dags 661212‘01; Jurtlle 2, 20 in third gnd 7 fn
‘ i * | fourth stage,
June10 June 11 | 3,000)....do........ 1111 SOOI NOOON B do..'Junm’JuneM 15 dags| 68, 508 " Many dead when teceived, Lat of
; - thind stage molted June26-16 gy,
......... June ) 50, 00.....d0........| Yeay dend .........JunelQJune?lb’....,....June?ﬁcJune??....do,. ) 186i8rpughl from Woods Hole packed fn
| | iee.
........ Jue1§  0,000,.....40........| Ver poar | Junedd ..o Junedt Juned? \July 1,00 09‘522‘OnJune%higbag\vus\;eryfoul,and
‘ I 1 0of seoond and i stages e
; © it freshomall bag, These yield-
| \ i ed 39 ut fourth stage,
Tune22 | June22| 5,000 | Lobset lver, | Bxoellent ..ol | — Ty 2o, (0drys| | 2 OnJune 3 estimated 100 dead from
¢lams, | ‘ staguation. OnJuly2neaclyall dead,
......... JuneZ) | 20,0000 Clts ..., GO0 ... .........| Fume 9 coven U 4TJULY 8 July 8 12days! 2010 | Theseput in biﬁ bng mearly &l died,
‘ C ] Only 2reached fourth stage,
......... Jme2 | 1,00 o FVPPRPON PRRRPRPSPOURRCN 0 OO 1 B T, 1250 Tnjured by siolent wind, Juse %,
.......... L T OO HOTOTSNOON OON S S July Sjduly 12010 days| 2% On July 11 days—thers were 1636t
: | i . Jourthstage. Stirned eonstantlyfrom
; | Ly 6t July 12 Bt of fourh
' | C | stagein? days,
......... G Clamg.e ) B ranfoemnissseeennn U 06U Wl 119 duys) 22909 ANl those o cur died from crowding
‘ o w 1 tgetber. Bagastmedcontinuonsly,
L ¢ Holein one beg let maay ont,
......... U oo 800cen | Verypoot oveesebosenseonees Y I8 JUY 41000 21 dags| 531 40 Thivaet was Very paor, gnq received
i | | L e,
! |
aFstimate, S10per cent, ¢ % per egal, d Fresh bag, ¢Yery cleap, 1 Yostly dead,

Average time from hatehing o fouth tage = 12+ das,

Total namber o fourth stage = 343,

99T

WO L OII

TBEEHIHHHSIAE ANV HSIA A0 WA NOISSIFNIAOD



LOBSTER AND CLAM INVESTIGATIONS. 157

The short scason allowed time enough for only eleven experiments,
but with the interesting result that 3,425 fry were reared to the lobster-
ling stage. Compared with the meager results of other experiments,
the aggregate of which was less than 400 lobsterlings, these figures
were most satisfactory. '

Many of the usual difliculties of the problem were encountered at
Wickford, but in a lesser degree. The mortality at the molting time,
particularly the first and second molt, was considerable. Cannibalism
was noticeable, especially where large numbers were confined in small
inclosures. The majority of the fry became infested with a profuse
growth of diatoms, and it was necessary to change and clean the bags
frequently, sometimes as often as two or three times in a week.
Nevertheless, the facilities of the Wickford station, together with the
physical and biological conditions, scemed to render the place espe-
cially suitable for lobster culture. The floating laboratory of the
State commission was equipped not only with scientific instruments
and work tables, but with sleeping quarters for two or three persons.
Thus, by separating the men into watches, it was possible to keep the
fry under continuous observation, the importance of which was later
proved. The natural condition of the water was also favorable to the
young lobsters. Mill Cove, where the plant was located, is a small
inlet on the west side of Narragansett Bay, about 9 miles from New-
port and the open sea. It is practically landlocked, and the severest
storms have little effect. The water is considerably warmer, and its
density somewhat lower, than in the vicinity of Woods Hole. This
higher temperature of the water, together with its protected location,
makes Mill Cove and many other portions of Narragansett Bay natural
nurseries and feeding grounds for hosts of marine organisms, and at
certain seasons of the year the waters are literally alive with millions
of lurvee and eggs of clams, oysters, starfish, etc. As such organisms
probably constitute the natural food of young lobsters, the impor-
tance of a rich plankton is readily understood.

Doctor Mead’s continued observation of the fry led him to the con-
clusion that the secret of rearing young lobsters was constant agitation
of the water, so that the fry could not gather on the bottom. In the
scrim bags this condition existed only when there was u light wind or
gentle current. High winds frequently blew the bags out of the
water, and a strong current usually forced the fry against the sides or
bottom of the bag, and the results were as disastrous as during the
calm. )

To test the correctness of his conclusion Doctor Mead decided to stir
the water continuously and note the result.  For this purpose the
working force in the laboratory was divided into watches, and from
July 6 to July 12 the water in experiments No. 9 and No. 12, Table 11,
was stirred with an oar day and night. The results were convincing,
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experiment No. 9 alone yielding 748 lobsters, or more than had been
reared in the combined ecfforts at all other localities. Unfortunately
the close of the season interrupted further experiments along this line.

SUMMARY 0¥ THE RESULTS OF THE WORK OF 1900.

The first year’s work of the special commission developed the fol-
lowing facts: .

1. Conditions at Woods Hole, whether near the hatchery or at 11ad-
ley Harbor, were unfavorble, and the floating scrim bags proved in
this locality as inadequate for practical lobster culture as other inclo-
sures had proved.

2. Environmental conditions at Orrs Island and Gloucester were

not more suitable for the growth of young lobsters than at Woods
Hole. ,
3. Lobster fry thrive much better at Wickford than at Woods Hole,
Orrs Island, or Gloucester; just why is not fully known, but therc
can be little doubt that the higher temperature of the water, its rela-
tive calmness, and the great abundance of natural food were prime
factors. The rate of growth also is a matter of great importance, for,
other things being equal, the shorter the critical period the greater
the chance of survival. For example, and as already stated, at all the -
stations the fry became covered with diatoms, which are both directly
and indirectly responsible for a great amount of the mortality. When
the shell or skin is shed, the fry get rid of this pest, and are clean
until a second infection. Hence if the young lobsters grow rapidly
they shed before the diatoms become a serious incumbrance.  "This was
demonstrated at Wickford, where the average time required for a
young lobster to reach the lobsterling stage was 12 days instead of 22,
as at Woods Hole.

4. The temperature of the water, as is to be expected, has a marked
influence on the rate of growth. The coldest water was found at Orrs
Island, ranging from 57° to 638° F., and the critical period was from
25 to 26 days. The temperature at Woods Hole was only slightly
higher, and the fry developed in from 22 to 25 days. At Wickford
the water averaged 5° to 10V higher than at Woods Hole, and the
average developmental period was only 12 days. In the first experi-
ments the duration of the first three stages was 16 days, average tem-
perature 65° F.; in experiment No. 10, with an average temperature
of 72° F., it was 9 days. (See Table IL.) At Annisquam the water
was very warm, sometimes reaching 76°, and lobsterlings were obtained
in 10 days. _

5. Proper food and feeding is a problem in itself. Naturally the
lobster liver used in the Woods Hole, Orrs Island, and Annisquam
experiments was not practicable, and although the fry seemed to thrive
on the soft clam, this food sank to the bottom, where it decayed and
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fouled the water. The subject of food and the method of feeding will
be discussed later.

6. Constant agitation of the water is the most important factor in
lobster rearing, and Doctor Mead’s fortunate discovery of this fact
marked the course of future experiments.

WORK DURING 1gor.

Since it appeared from the investigations of 1900 that young lobsters
thrive better at Wickford than at other localities in New England, the
special commission decided to abandon for the season its other stations
and concentrate its energies at Wickford. Again the Rhode Island
Commission of Inland Fisheries most cordially cooperated with the
government, offered the use of its flonting laboratory with its equip-
ment, and facilitated the carrying out of the experiments in every
way possible.

The application of the most important result of the preceding year
(1900) was the first consideration. Constant agitation of the water,
very different, however, from that obtained in the McDonald hatching
jar, was a prime necessity, and the commission decided to provide
some mechanical device to roplace the laborious and unsatisfactory
method of stirring used in the test experiments.

The last week in April the writer went to Wickford for the purpose
of devising and constructing an apparatos suitable for the work.
Some of the mechanical difficulties were peculiar, and of the devices
suggested some modification of & propeller movement seemed most
feasible.  The floating laboratory or house boat proved an admirable
place for constructing the apparatus. The house boat, with a house
at cach end, was a kind of catamaran, consisting of two large pon-
toons, 58 fect long and 4 feet wide, placed 8 feet apart. The pontoons
and the two houses inclosc a ““well” 8 feet wide and about 25 feet
long. The boat possessed the necessary rigidity to protect the appa-
ratus from the effects of storm or wind, while the houses furnished
shelter for the engine and attendants.

The rearing device, a detailed description of which is given below,
consisted of a series of cylindrical serim bags supported in a wooden
frame. In each bag, near the bottom, was placed a two-bladed fan or
propeller, the vertical shaft of which was connected with a horizontal
shaft on the deck of the house boat. This shaft was geared to a gaso-
line engine, which furnished the power. Rotation of the funs created
a current of ‘water from the bottom of the bag toward the top.

The apparatus may be described as consisting of two parts:

(@) The car or bag for holding tho fry, with its supporting frame-
work;

() The mechanism (propelier, belts, shafting, ete.) for stirring the
watcr,
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(4) THE CAR OR BAG.

The requirements for the inclosure were as follows:

1. It should allow for abundant circulation of the water from the
outside.

2. It should have as few corners and pockets as possible.

3. It should be fastened so that it could be readily changed and
cleaned.

4. It should be rigid enough to keep its walls out of the propeller.

Dingram of apparatus used in hatching and rearing lobsters.

Material.—Galvanized-wire netting was first suggested as the most
suitable material for the car. This was soon abandoned because of its
tendency to break, and because it was feared that the current of water
might carry the young lobsters against the rigid metal and fatally
injure them. The cotton scrim, such as was used in the experiments
of last year, was considered more serviceable, as it would permit free
circulation, was comparatively inexpensive, and could be casily cleancd.
The only difficulty connected with its use was keeping the cloth free
from the propeller blade.






