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LNTRODUCTION

In nature, lobsters are found where the environmental
factors, temperature and salinity, vary widely. In winter,
vater temperatures may drop below 09C. and in certain areas may
exceed 219C. in summer. Lobsters normally are found in water
whose salinity is close to 30 parts per thousand, but they are
found in the Bras d'Or Lakes where salinities as low as 21 perts
per thousand have been recorded in 5 to 15 fathoms.

n commercial handling, more severe conditions are
often encountered. Frequently lobaters are held in warm inshore
waters and after heavy rains, may be exposed for several days to
greatly reduced surface salinities. Sudden extreme changes in
temperature are experienced when lobsters are taken from air
temperatures of 309C. or more and placed in refrigerated trucks
and cars for transport.

Some general information about the effects of tempera=
ture and salinity on the survivial of lobsters was already known.
More precise informatign, of thé exact conditons of temperature
and salinity, at the various lovels of temperature acclimation,
thet cen be tolerated by the lobster, was desired to provide a
sound basis for advice to the industry, and to eventually

rovide a possible means for better understanding of such factors
as activity and cabchability.

The tests reported here concern themselves primarily
with temperature. The rate of thermal acclimation, thermal
death points, size and differences in life history in relation
to hsat tolerance, and effect of moulting on heat tolerance have
all been investigated. To a leaser degree, work was done with
lethal salinities in relation to environment of temperature.

e experiments were done during the summer periods
May 15 to September 15, 1949 and 1950. At present, the results
have not been fully analyzed. During 1949, lobaters were
purchased directly from Conley's Lobsters Linited, St. Andrevs,
N.B. In addition to some purchased from Conley's in 1950,
lobsters were also obtained from the fishing areas at Grand
Menan, N.B., and Escuminac, N.B. In 1949, lobsters were stored
in concrete tanks in the basemont of the Administretion building.
In 1950, a floating car at the end of the Station wharf held
lobsters before use.



In 1949, a record vas kept of the salinity and tempera-
ture veriations in the holding tanks. The temperature gradually
rose from 10.0°C. in June to 15.0°C. at the end of August. The
ealinity fluctuated between 29.7 and 31.3%0. During 1950, twice
daily vharf-end temperatures routinely taken by the station were
used since the lobsters were held near the spot where temperatures
vere read. Salinity determinations were not made since th:
fluctuation as seen in 1949 vas smal

Lethal temperature deterninations wer: run in a series
of constant temperature baths, maintained at 1.09C. intervals
apart

At the start of an experiment, observation times vere
close, at hourly intervals. As exposure times increased, obser-
vations were teken less frequently until the animals were checked
at a maximum time of 24 hours after the first day.

Tests were arranged so thatO% mortality was found at
the low test temperature, and 100% mortality occurred at a
temperaturo about 3.00C. higher. These temperaturos were obtained
by heating a 3' x 3' x 18" galt vater tank with a copper coil.
The coil vas peinted with Tygon paint, to cut down the reactivity
of copper with the salt water. Water from a thermostatically
controlled oil heater flowed through the coil providing heat at
the desired constant temperature in the tank. Two test tanks,
3' x 3' x 6" could be used at one time. By adjusting rate of
flow of hot water into the test tanks, the temperatures were
kept within $0.39C. or less for the most part. Only very rarely,
fluctuations of $0.50C. were noted and corrected as soon a
noticed. In no case was the accuracy of the experiment upset since
these fluciuations usually happoned aftsr the 48 hour period, and
no furtner dsaths were reported in the tests unless stated in
the results.

An attempt was made to use 10 animals for each test.
Sometimes it was impossible to have 10 animals available, and
lesa were used. In no case were less than 6 lobsters used. In
the tabled results, the number is always indicated.

To prevent lobsters injuring each other, the !ﬂrgu clavs
vere either plugged with wooden vedges, or banded with sto
elastic bands. In addition the test tanks ware diyided in 10
compartments by galvanized screening so that individual animals
could be isolated. The volume of tho tast tanks was such that
each lobster was provided with 24 gallons of water. FPoroms air
stones placed in the test tanks kept the oxygen concentration
ov.z ;55 for ths most part, although occesionally it dropped
to 60%.




For comparing the effects of differemt levels of
acclination, on the resistance of lobsters to heat, the lethal
temperature was defined as the temperature that would kill 50%
of the population in 48 hours. If the exact temperature was
not found experimentally, the value was read from a survival
curve drawn for the 48 hour period. It was thought that 48 hours
was a sufficientally long time for the mortality caused by the
lethal temperature to reach a constant value. In any case, vhere
lobsters were living past the 48 hour period, the test was
continued till 72 hours. The 72 hour survival curves coincide
almost exactly with the 48 hour curves.

Test salinities wers obtained by mixing flowing salt
vater and fresh water in the proper raties. Buffer tan
smoothed out any veriations in salinity that might occur due to
minor fluctuations in water pressure. Water then flowed into two
test tanks, each divided into 10 compertments by galvanized
screening.

Salinity determinations were done by titrations, based
on_the Knudsen method, and by hydrometer readings. Test
salinities veried less than t.4%e.

4 sufficient flow of vater was maintained in the
salinity tests so that & high oxygen level was ensured. For the
25.00C. salinity test it was necessary to use a smaller flow of
ater, so four air stones were placed in the tanks to emsure a
high oxygen concentration.

The lethal salinity was defined as thet selinity that
killed 50% of the population when exposed to it for 48 hours.
When necessary, this value was found by interpolation as in the
case of temporature tests. A% the lowest temperature, 5°C.,
significant mortality took place after the 48 hour period.
However, at higher temperaturss, the per cent mortality had
leveled off at this time. In any tast where lobsters were still
living sfter 48 hours, exposurs was extended to 96 hours for most
tests but if any lobsters appearsd to be veakening, the period
vas again extended to 120 how

.

Loosanoff in & publication entitled "The effects of
sea vater on the starfish of Long Island Sound® states that
exposures to reduced salinicies must, in cases that are only
slightly lower than the thireshold value below which the starfish
can no longer live normally, be increased to periods as long as
2 months before harmful effects are observed.

It was not conveniont tn extend exposure periods past
the 120 hour time in this series ol tests. Under natural and
nesr natural conditions, lobsters would not be exposed to
greatly reduced salinifti rio7z exceeding this time.




Tempe;

Bate of gain of heat tolerance to increased temperature.

n order to illustrate thermal acclimation of lobsters,
lobsters conditioned to 14.59C. vater for at least one month uere
exposed to 24°C. for periods up to 31 days. Their average
survival time when exposed to 30° was taken as a measure of
acclimation. 300 was chosen since for animals acclimated to 14.5°,
€0% mortality in 12 hours and 100% mortality in 15 hours resulted
from exposure to 309C. Acclimation would show as an increased
survival time in this temperature. Acclimation times of 0, 1, 3,
7, 10, 14, 19, 24, 26, end 31 days were tested. The results of
this test are presented in table I. The average survival time is
plotted against acclimation time in figure 1. When animals lived
longer than 72 hours, this 72 hours was taken as the length of
survival for calculating average survival time. Acclimation over
the first 10 days is very slow, only a slight increase in time of
survival being shown. A& rapid increase in heat tolerance came
after the tenth day, and the rapid rise continued until about the
twenty-second day. Further increased tolerance to heat did not
occur even after an adaptation time of 31 days in 24.09C. A ten
degree rise in acclimation temperature from 14 to 24 requires a
time of approxim:tely 20-22 days for complete adaption to take
place, or a timo of 2 days for each degree upward in acclimation
temperature.

Lo tolerance_when
in temperature .

To-denonstrate the rate of loss of heat tolerance of
lobsters, animals taken from 14°C. water were placed in 59 water
for periods of 0, 1, 3, 6, 13, 20, and 25 days. The average
survival time when exposed to 26° was taken as a measure of loss
of heat tolerance. From 1949 results, lobsters acclimated to
14.50 showed 100%‘survival up to 72 hours when exposed to 26°C
water. Loss of heat tolerance should be illustrated by an
appearance of mortality vhen exposed to the test temperature.
The average survival time, table II, drops to 19 hours vhen
acclimated for 13 days, but after that time an increase is seen
in the survival time. When table III is consulted, it can be
seen thet for 5.00 acelimsted lobsters, 70% mortality is experi-
enced in 26.09C. in 72 hours. This gives an average survival
time of 40 hours. 'A higher temperature as 30°C. should have
been chosen as the test tenporature. Since the 9 day group was
an average survival time of 40.3 hours, acclimation down seems
to bs complete.
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4 1000 watt copper heating elsment was used to heat
water to 26.00C. for the 3, 6, and 20 day periods. The survival
times for these periods is too short, probably caused by toxic
effects of copper. The 13 day group shovs an unexplained low
survival time.

Upper_Lethal Temperatures

It vas shown that lobsters will acclimate to increased
temperatures. The survival time in 30° was increased from 8.1
hours for lobsters directly from 14.59 to over 72 hours when
acclinated for 26 days to 24°C.

Because of this acclimation, any statement of lothal
temperatures would be useless without also knoving the ameelimation
level. Lethal temperature determinations were made at acclimation
levels of 5, 9, 14, 19, end 249C. The results which were obtained
from this series of tests appear summarized in table III. These
results are plctted in figure 2, with per cent mortality against
temperature. Signoid S-shaped curves result from plotting the
data in this menner. The end point for mortality was taken as the
48 hour period as explained in the section on materials and methods.
The 50% lethal point fer each level of acclimation can be read by
interpolation.. The lethal level is 25.7° for 5 adaption and rises
to 30.4 for 24° acclimation. Figure 3, 1line A, shows the relation
of acclimation temperature to lethal temperature. A 20° rise in
acclination temporature causes an increase of 4.7 or approximately
59 in upper lethal temperature, that is, a 4° rise causes a rise
of 10 in the lethal temperature. lLine B shows the temporatures
below which no mortality oscurred at the various acclimation levels.

Where extrome changes in temperature were encountered,
as in the case of 50 conditioned lobaters put Snto uater of 259C.,
an gpvard change of 20 degrees, a period of inactivity that
remained for 3 to 5 minutes was noted. Lobsters appeared to
recover fron the tetanic state snd showed no apparent i1l effects.
When less extremo chaugos were encountered, lobsters shoved no
indication of tetanus, but did shov an increased activity.
Temperatures that wera rapidly levhal as 299C. for 9°C. acclina-
tion showed no offect on the lobstor after the 3 to 5 minute
period on first being immersed in the test temperaturs, except a
gradual weakening. Temperestures that verc slovly lethal as 27°
for 99C. acclimation showed an affect on the central nervous
eystem. When picked up, the walking legs wers seen to quiver
rapidly.

It can be seen from table III, that for all levels of
acelimation the differsnce hetween the temperature that causes 0%
mortality and 100% mortality is 4°C. This is an indication that
this method gives a rather procise ond point. Possibly 0.50
intervals instead of 1.00C, intervals would give a more accurate
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value, but the difficulty of maintaining temperatures at a greater
accuracy than $0.3° in the teat tanks ruled this out

The lobster industry is interested in finding out the
temperatures below which no deaths are caused by exposure to heat.
All values belov line B on figure 3 are safe under ideal conditions
for the survival of lobsters, providing they ere acclimated fully
to the values on the abscissa of the graph.

Le

animals show & gain of heat tolerance on acclimation
to noreased envirommental temperature, their resistance to cold
16 lost. In order to test the decrease in cold tolerance,
lobsters acelimated to 289 wore placad in 4.5-5.09C. A mertallty
of 60% was noted in 48 hours. Seven snimals acclimated to 27°C.
veore placed in 5.5-6.5C. Nonme of these died in a 120 hour
exposure. Both groups of lobsters wers very sluggish in the low
temperatures.

Lobsters acclimated to 170 were tested at 0.39C. Since
all éied in 16 hours, tie lover lethal temperature for 170
acélimated lobstors is above 0.30C, From results at upper lothals,
the 50% mortality point is ebout 1.59C. above the temperature that
causes 61l to dis. This point was not determined experimentally
for the lower lethal, but the ostimated value 2.09C. is used in
figure 4. The rasults for the cold test are given in table IV.

Ibermal Telerence of Lobsters

& graph of thermal tolerance can be prepared by plotting
lethal temperature sgainst acelimation temperature if upper and
lover laothals have been determinad for different acclimations.

This has boen dons for the lobster in ficure 4. The diagonal line
is drawn through the points where acclimaticn and lethal tempera-
tures ere equal. It was estimated thet the upper lethal would
become constant at 289C. Acclimation above about 28° is impossible
since it is the point where the upper lethal, after leveling off,
cuts the diagonal. A4 vertical line dropped from this point limits
the therral tclerance in this direction. The lower line represented
the temperature level below which lobsters can not survive for an
indefinite time. The area inside these boundary lines is a measure
of the complete thormal ramge under which lobaters can survive.

-

ZTenmcerature end Size Effect

oot lobsters used in the tests were of one size range,
mestly botween 23 and 26 cm. total length. Any offect of size in
relation to order of death would not bo spparent with such individ-
uals. To test size, a supply of lobsters was procured from Grand
Manan. Lobaters from 20 to 30 cm. comprised the shipment. These
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were divided into two groups, 21-22 cm. and 26-28 cn, Ten animals
of esch size group were tested for survival in 25, 26, 27, and 29°C.
at acclimation of 99C. The lethal temperature for both groups at
48 hours is 26.59C. The results are in table V.

Only slight variation was noted in all the time of deaths
of lerge and snall lobsters. In the 260 test, one small lobster
died between 36 and 48 hours. This ceuses tho survival curves of
lerge and small to diverge a bit, but the death of one animal does
not carry enough significance to indicate any real difference. In
the 270 and 29° tests, a slight lag is noted in time to d
the two groups, but it is a matter of only 2-3 hours before the
time-mortality curves sgain coincide. The 48 hour survival curve
for both groups is identical oxcept for the death of one lobster
as previously mentioned.

Logal Differences

Lobsters from different parts of the coast of the Maritime
Provinces show a marked difference in 1ife history. Lobaters from
warmer regions have a faster rate of growth and reach sexual
maturity at an earlicr age than those from colder water regions.
Equal size groups from the two areas, Sscuminac, N. B., and Grand
Manan will differ in age and state of maturity. To determine if
any difference in tolerance to heat existed between the two proups,
equal size groups from the two areas, acclimated at 109, were
tested in 270 and 29°. Another group acclimated to 14.5° was
tested at 30°. Table VI presents the results.

difference

No in tolerance to temperature could be
detooted from this test.

Moulting_end its Effect on Heat Tolerance

A few lobsters moulted in the car, but hard-shelled
lobsters in the tanks killed them. When found, lobsters preparing
to moult were isolated. S5ix shedders were saved by doing this.

The first to moult had a relatively hard shell by the time the six
were collocted, so the group testod consisted of 2 soft-shelled
Lobstars that hed moulted sbout one wesk previously and 2 lobsters
that hed been held 3 to 4 w nes moultirg. Six animals that
Bad % moulted during the eason, aad shoved mo.indication of
shedding, vere taken for controls. Those, as well as the sheddtrn,
vere held et 19.09C. for at least 10 days before testing.

survival of tho lobsters vas tested st 299C. This e Gk vas
chosen because animals acclimoted to the samo condltions as these
tost animals suffered 507 mo~tality in 48 hours at 2900, Auy
difference in tolsrance to heat shoald show as & ohange in survival
tine. A ssen in table VII, both the soft-shelled died within one
hour. The 2 medium-shelled ¢ied within 3 hours, ané the hardened
recently moulted lobsters dis¢ batween 22 and 72 hours. Lobsters
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that had not moulted indicated a much greater resistance to this
temperature.

This test, although limited by the number of test
animals available, shows quite conclusively that freshly moulted
lobsters are much more susceptable to high levels of temperature
than normal hard-shelled lobsters.

L

Le ies

Although most of the work reported here deals with lethal
effect of temperature, some work was done on salinity. A series
of lethal salinities were determined at various levels of tempera-
ture acclimation. It was assuned that lobsters were conditioned
to approximately 30%salinity, since thoy were taken directly from
a float in the sea or from Conley's tanks, where the salinity
approximates 30fo. Lethal salinity determinations were done by
maintaining tanks at salinities between fresh water and 75% sea
water, thet is, 3.7%s, 7.7%0, 11.6%0, 15.5%0, 19.4%0, and 23.3%o.
If still surviving, lobsters were left in these tanks for 120
hours. In order to give a more complete picture of lethal
salinities, tests were run at 5, 10, 13, 17, and 25°C

The death of marine invertebrates in reduced salinity
has been attributed mainly to the loss of essential salts. Inter-
segmental membranes svelled considerably in lower salinjties,
indicating an inflow of fresh water into the animal. If this is
a process of osmosis, temperature would effect the rate of water
flow into the body.

Advantage was taken of natural temperature rises that ‘
occurred over the summer season, to determine lethal salinity
at 10, 13 and 17°C. Water for the 5° test was cooled by flowing
it through a 40 foot coil of 3/8 inch rubber tubing immersed in
crushed ice and salt. 4 metel coil was purposefully avoided to
eliminate any possible chance of metal poisoning. Water for the
25° test vas heated by mixing hot salt water with fresh water.

The results are summarized in table VIII, and figure 5.
The end point for mortality was taken as 48 hours as explained
in the methods and materials.

At 59C., the lethal salinity is 5.8%0 and at 259, it has
Tisen to 19.4%c. Figure 6 shovs the Telation of exposure tempera-
ture to lethal salinity. It is a straight line relationship, a 1o
rise in temperature causing e rise of 0.8%0 in lethal salinity.

Upper Lethal Selinities
o work was done to establish upper lethal levels of

salinity. Templeman (1936) states that 6 lobster larvae died in
from 4 to 8 days without moulting, in salinity of 42.5%c. In a
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test doms at St. Andrews during 1950, by Dr. D. G. Wilder, lobsters
were held for long periods in stagnant water. The salinity gradually
increased by eveporation. At one time the salinity was up to 38.8%e.
No hermful effects resulted from exposure to this salinity.

Sslinity and_8isze

Lobsters employed in the salinity tests were between 22
end 25 em. in length. To demonstrate size effect, groups of 16-17cm.,
21-23 cm. and 28-34 cm. were selected.

The results in table IX indicate that smaller lobsters
are more resistant to exposure to reduced salinity than large sized
lobsters. This vas a consistant observation for the four levels
cone at 139C, In table X, the test dome at 25°C., small lobsters
tested in 50% salt water appeared more resistant. However, in
the 62.5% trial, large lobsters showed a better survival.

SUMMART

It was shown that lobsters will acclimate to increased
temporatures. Lobsters stored in 14.59C. water were placed in
24.031°C. for periods ranging between 1 and 31 days. Acclimation
wae demonstrated by exposing the lobsters, held in 24.041°C. to a
test temperature of 309C., and finding the average survival time.
The average survival time increased from 8.1 hours for lobsters
directly from 14.50C. water to over 72 hours for lobsters acclimated
e 24.0319C. for 2631 days.

Upper lethal temperatures were determined for lobsters
acclimeted to various temperatures between 5.0°C. and 25.00C
The temperatures that killed 50% of the lobsters in 48 hours was
taken as @ measure of the lethal temperature. The lethal tempera-
tures for the various levels of acclimation are as follows:

lethal temperature
25.79C.

Lover lethal temperatures were deternined for lobsters
acclimated to 17.0°C. and 28.0°C. The lower lethal temperature
for 17.00C. acclimation vas found to be approximately 2.09C., and
for 28.09C. acclimation ves found %o be approximately 4.5°C.

No size difference in relation to heat tolerance vas
demonstrated. No difference in heat tolerance was demonstrated
vith lobsters from the Grand lManan area and the Escuminac area.
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Recently moulted lobsters showed a loss in h
tolerance when exposed to high tomperatures, being ¥illed within
3 hours in a temperature that failed to kill hard-shelled lobsters
until after 12 hours exposure.

Lower lethal salinities were determined for groups of
lobsters acclimated to various temperatures between 5¢C. and 25°C.

The salinity that killed 50% of the lobsters in 48 hours
vas taken as a measure of the lethel salinity. The lethal salini-
ties for the various levels of acclimation temperature are as
follows:

19.4%o

Salinity and size - From exporiments done to test size
effect, there is an indication that large lobsters are less
tolerant to reduced salinities than small lobsters.
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