














1
Number of Other deaths Cumulative
M ec t
fiors 5aedators carcasses (by difference) total dead
5 5
1 6
1 3 10
5 15
2. March and July 40 32
July 1966, August 4 132
Introduction September 19 21
combined October 31 3
November 5
December 36
1967
January 3 7 354
Total 102 44 208%* 354%
Basin Habitat (including Reef I)
1966
1. March 1966 March 7 7
Introduction April 2 9
only May 5 14
June 5 19
July 5 24
Mar. Int. July Int.
2. March and August 5 38 67
July 1966, September 5 38 110
October & 38 153
November 5 38 196
December 5 38 239
1967
January 5 38 282
ruary 5 38 325
1
“Number of carcases counted in pound. 266

* Includes 13 escapes.
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Values for mortality amongst the 1,131 animals introduced in July
are reported separately and based on extrapolation. Many dives on and around
the reef during the interval July to December and many more lobsters, 1,235
as compared to 104 should increase the probability that we would see dead
animais if they were there. We didn't find a single lobster corpse. This
may indicate that the assumption of a continujng high and constant death rate
is unrealistic and that the mortality figures given are maximal. The
calculated yearly death rate for lobsters introduced in July

266 =23%
1,134 (incl. 13 escapes;J
is lower than that for the March lot

59|= 57%
104

indicating that our gquarantine and shipping methods may get the lobsters
here in better condition.

ates of mortality and emigration are confounded in this prelim-
I may have underestimated emigration and, consequently,
timated mortality. This will be clarified by future work. On the
other hand the observed, rather high, yearly mortality rates (23% and 57%)
may be real and due to a variety of possible causes; e.g., injury from moving
and handling; predation by reef fish such as black and copper rockfish,
tommy cod, octopus, skates, dogfish, sea lions --- all present in the
Basin --- plus otters and mink which can reportedly dive to 5 or 6 fathoms
for crabs; aggressive encounters between the lobsters themselves or with
crabs such as Cancer productus. Eventually we hope to separate and quantit-
atively estimate each of these and any other, at present unknown, mortality
factors.

4. Food, Moulting and Growth

I examined the stomachs of two lobsters several months after they
had been liberated in the Basin. The contents, barnacle tests, polychaete,
decapod (anomuran and amphipod) remains, gastropod shells, and small fish
bones, showed that they were able to find and eat the same things here that
they do on the east coast.

Several animals in the tidal pound moulted in May 1967. Some were
survivors from the 1965 holding experiment and were,therefore, experiencing
their second moult in the Pacific. This might mean that there will be two
peaks in moulting frequency here (May-June, September-October), reproducing
those reported by Hughes and Mathiessen (1962) in the east.
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Almost all of the animals that were put on the reef moulted. In
Table XII I compare range and median values for length and weight of a sample
of lobsters trapped in the Basin during January-February 1967 (six months
after release), with a random sample (random number table) drawn from the
universe of these measurements made on all (1,235) animals before their
release. The differences are significant (Wilcoxon T-test; p << -00006,
2-tailed). On the basis of medians (median of January-February sample compared
to population medians), male lobsters increased 13.8 mm, females 9.5 mm in
carapace length; males increased 225 grams in weight; females 137 grams.
Per cent increass in carapace length (18% males; 13%¥ females) and weight
(68% males; 43% females) compare favourably with east coast values (cf.
Table III). Adams (1948) reported an average gain of 11¥ in total length and
256% in weight (average for the two year period, June 1946 to August 1948,
males and females combined) in the Lasqueti Island experiment of 1946.

Some of the dart tags used to mark lobsters introduced in March
remained, or could be otherwise recognized (scar, dorsal surface of lst
abdominal segment), making it possible to clearly identify individuals from
this group even after theyihad moulted. A few (2/65, 3¥) animals caught in
January-February may not have moulted as they seemed much smaller than the
rest. They were, however, otherwise healthy and vigorous.
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Table XII. Increase in carapace length and weight (range and median values)
Sample Po P50 P100
N mm mm mm

CARAPACE LE!

MALES
January- ruary sample 29 78.4 88.6 100.0
Random sample
From \ 29 70.3 74.0 84.3
P 535 67.4 74.8 97.8
January-February sample 36 73.9 82.8 101.7
Random sample
From Universe 36 67.2 715 82.5
Population Values 700 59.2 73.3 97.8
WEIGHT

Sample Po P50 P100

N 9 9 ]

MALES
January-February sample 29 370 557 815
Random sample
From Universe 29 277 312 436
Population Values 535 227 332 630
FEMALES
January-February sample 36 333 452 878
Random sample
From Universe 36 225 299 493
Population Values 700 225 315 660
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5. Behaviour
(i) Movement

Lobsters quickly moved across the soft mud to distribute themselves
around the entire Basin perimeter and on to all the reefs. A month after the
July introduction lobsters were trapped and seen while diving wherever there
was a rocky bottom. We occasionally saw one in transit across the mud but
none ever settled there. Some moved at least 1100 meters (straight line
distance, Reef I to head of Basin). Many undoubtedly moved much more, possibly
encircling the Basin (3,656 meters) several times before they settled.
Several were caught, marked, released and recaptured 100 to 200 meters from
release point within 24 hours. This and Wilder's report (1963) that lobsters
moved, on the average, 13.5 kilometers in 10 to 12 months indicates that they
could have left the 1,100 X 550 meter (ca.) Basin area if they had wanted to.
Many of them apparently didn't, which is encouraging.

Males are more active and enter traps more readily than females
during August, September and October. In Table XIII I give the number of
each sex caught in traps during the indicated month and the expected number
(based on the known proportion introduced) that should have been caught; the
last two columns list X° values ( 1 degree of freedom) for differences between
expected and observed and associated probabilities. Beginning in August,
there are too many males, not enough females, in the traps. This reaches a
peak in September-October; by January, the sex ratio of trapped animals is
back to normal. Seasonal differences have been observed in sex ratio of
lobsters trapped on the east coast even though in natural population it is
about 131 (Wilder, personal communication). The animals bought on Prince
Edward Island in June 1966 were predominantly females (M:F = 1:1.3).

These observations and the bimodal frequency curve for moulting
reported by Hughes and Mathiessen (1962) suggest that males may moult in May-
June, accounting for that peak and the fact that fishermen catch more females
at that time of year is because males are moulting, not active, and will not
enter traps. The September-October peak in moulting frequency and the observed
decrease in trapability of females might be caused by most, not all, females
moulting at this time. A difference in time of year that males and females
reach peak moulting frequency makes good sensé since it increases the prob-
ability that more males are in mating condition (hard shell) when the females
are ready to mate (immediately after moulting). On the other hand, the ratio
observed in traps at Fatty Basin may result from conditions of the intro-
duction. For example, males may be more upset by handling and may take longer
than females to settle. Both ideas are worth looking into.







(ii) Mating

A successful mating encounter was observed in the pound. Mating
also took place amongst liberated lobsters. One female, taken in a trap in
late August, had a mucous plug on her seminal receptacle showing she had mated
within the previous few hours; two, possibly three, females from the March
b oduction had moulted and yet were carrying fertile eggs. These scanty
observations do not prove that mating will be frequent enough to allow the
population to reproduce but they do show that it can and obviously
occur in the Pacific.

(i1i) Aggression

Lobsters appear to be aggressive and solitary. We have watched
encounters, aggressive displays and withdrawals between two males, two females,
males and females. This behaviour raises some interesting questions about
population control, dispersal and mating. Certain aspects of aggression are
being studied in large tanks in Vancouver by Charles Scrivener, a graduate
student at U.B.C. Scrivener is a former seasonal employee and his present
work is partially sponsored by the Board. We hope to continue and extend
behavioural studies in the field, investigating the way that males and females
find each other during the few hours that the female is in mating condition,
and the possibility that lobsters may be territorial and home.

6. Reproduction
(1) Fecundity

Several female lobsters laid eggs in the pound immediately after
arvival (July). A total of 31 female lobsters lald fertile eggs in Fatty
Basin. This is a minimum estimate, based on actual count; obviously, we may
not have seen all the berried females present. Only three of these can be
attributed to matings in the Basin; the rest were probably mated on the east
coast before shipping. This proportion, 3l berried females out of 700 total
introduced females (4.4%) is within the range reported by Wilder (1965) for
natural populations (.24 to 16%).

Number of eggs per female varied from 200 to 4,000 based on subjec-
tive estimates, not counted. Size (measured), colour and outward appearance
were normal.







Table XIV. Age, stage, total length of larvae held in float pens at Fatty Basin compared to values
from Herrick (1911)
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Stage Iv v VI VII VIII and
> viIl
Herrick 19-54 30-72 44-86 58-107 413
AGE
(days)
Fatty
Basin 14-39 37-51 50-64 55-89 110-124
(est.)
Herrickl 11.2-12.6-14.0 13.4-14.2-15.0 16.0-16.1-17.0 = 18+0-18.6-19.5 36.03
TOTAL
LENGTH
(mm) 2
Fatty 11.3-12.7-13.7 14.4-15.0-18.5 15.0-17.5-22.5 16.3-21.3-33.8 20.2-28.5-48.5
Basin

.t Range and Mean
2 Range and Median

3 One measurement only
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The data in Table XIV indicate that our larvae grew slightly faster
and larger than those reported by Herrick (1911). However, ours were hatched
by very large females from the deep, offshore fishery on southeast Georges Bank
whereas Herrick presumably measured larvae from smaller inshore lobsters.
Genetic or other intrinsic factors could account for the observed difference
in growth rate or, alternatively, it could be due to better habitat conditions
(e.g. Pacific temperature, food).

The most likely cause of death in float cages was cannibalism and
unsuccessful moulting. Food (ground clams and mussels) was undoubtedly
supplemented by foraging on the dense fouling (hydroids, mussels, barnacles,
polychaetes, isopods, caprellid and gammarid amphipods) that grew on the
sides of cages as well as planktonic organisms (copepods, larval crustacea,

s, polychaetes, nematodes)that entered through the 1 mm (ca.) mesh
After ten days in the cage, many of the larvae had relatively dense
tions of hydroids and diatoms growing on them. This has been mentioned
use of death in hatchery reared larvae (Knight, 1916, 1918; MacClement,
) and may have caused some of the mortality in the float cages. Those that
ted lost the fouling with their discarded exoskeletons and it did not
reappear on the survivors.

About 40% (actual count) moulted successfully from the fourth to
fth (juvenile) stage in the float pens; it was not possible to estimate
subsequent survival quantitatively. A few (6) juvenile lobsters were still
alive at the end of February 1967. They had been in the Pacific for eight
months and were (ca.) 5 cm total length, a size attained at the 13-14th stage
n the east coast. This does not mean that only this small number survived
to this stage from the original 2,000; although many did die, most were used
n other, unsuccessful, experiments.

V. DISCUSSION AND SUMMARY

I have presented these data to illustrate problems and demonstrate
rationale for the choice of objectives. There are two sets of related
lems: those that have to do with methods of introducing and establishing
a potentially valuable marine animal; those more closely associated with the
basic biology (physiology, ecology, behaviour, genetics) of the animal itself
n the new habitat. It is impossible to study one without considering the
ther. Establishment of a resident population is a first objective in both and
tously precedes a study of the second, so most of our efforts have been
rected towards this end.

Previous transplants (Adams, 1948) and the recent holding experiments
with adults (1965) and larvae (1966) showed that, given food and protection
from predators, individual lobsters will survive in the Pacific, moult at about
the same time, grow in increments similar to those observed in the Atlantic.
There is an indication that length of interval between moults and time of moult-
ing are controlled by temperature; this raises problems related to both intro-
juction and basic biology that will be investigated.
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Liberation of about 1,200 adults on a reef in Fatty Basin demonstrated
that lobsters can forage for food successfully, moult and grow normally, survive
in reasonable number, possibly mate, lay fertile eggs, undergo normal embryonic
development, the foolishness of trying to artificially restrict their movement.
Calculated overall survival (35 to 80%) for the period March-August to December,
1966, might be low (Wilder, 1963, reports 76% survival over a 10-month period
for natural population on the east coast). Mortality estimates (23 to 57% per
year) might be too high. Both might result from inexact first efforts we have
made to estimate these and emigration. A first objective will be to produce
more reliable estimates of these statistics.

Quarantine and better shipping methods reduced the incidence of
sick, infected and injured animals. These will be continued and extended.

Emigration from the reef was initially very high and reduced with
time. This could result from the animals' being upset and active due to handling
they received during introduction and, perhaps, casts some doubt on the inter-
pretation of mark-recapture statistics based on animals disturbed by trapping
and marking, then returned to the habitat in a more active condition than their
unmarked cohorts. We will try to acclimate animals before release and will
report on the effect of this on movement and dispersal. It may even be neces-
sary to try to tranquilize lobsters with drugs to reduce their wandering.

In addition to this high initial, possibly artificial, rate of dis-
persal, the desire to live far from closest neighbour might be an appetence
of lobsters. Their aggressive solitary nature supports this and may also make
it difficult to concentrate enough lobsters to allow population reproduction
in an area of open coast where they can move long distances from each other
immediately after the introduction. Tendency to disperse is such an obviously
important aspect of lobster introduction and biology that we decided to study
it at once without further use of fences or other artificial barriers.

Signi ficant difference between expected and observed number of males
and females trapped at different seasons points to the possibility that males
reach peak moulting frequency earlier in the year than females, increasing
probability of successful mating encounters. This will be investigated.

The eventual, "stable" density of lobsters per unit area on the reef
(1 lobster per 106 square meters uncorrected, 1/46 m® corrected value) is sur-
prisingly close to those for sexually mature lobsters on the best grounds
reported by Wilder in 1965 (1 lobster per 123 square meters of bottom at
Mimnegash, P.E.I.). This agreement may be fortuitous. The inexact methods we
used to estimate density and area do not permit unequivocal interpretation.
On the other hand it may be real, representing a normal maximum achieved by
intrinsic mechanisms of population control (e.g. aggression, territory size),
or extrinsic ones in the habitat (availability of space, food, predators, com-
petitors). A new experiment introducing enough lobsters to saturate the entire
Basin and noting the eventual density achieved, as well as possible differences
in emigration between the present and new colonists may answer some of these
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questions. It will also be interesting to see if density in an area can be
mcreasec by repeated introductions or whether it is better to do this only
once, perhaps eliminating aggression between new and old residents and, thereby,
1v=creasmg tendency to disperse.

Instead of waiting for adults to produce larvae locally, we will
hatch them from berried females shipped from the east and raise them to the
fourth stage in a hatchery recently completed at Fatty Basin. This will provide
enough larvae to study survival and growth both in the laboratory and in the
field under Pacific conditions, and allow us to evaluate use of young juvenile
(e.g. Vth stage) lobsters as a different or supplementary method of making
the introduction.

The work completed in 1965-66 is a preliminary study of methods of
making the introduction, observations on biology and reproduction of individ-
uals (not the population) and first efforts to estimate population survival
and mortality.

The attempt to saturate the Basin with adult lobsters in 1967 should
provide enough animals for reasonably accurate estimates of adult survival,
total mortality and emigrationj; but in view of the apparently low incidence
of mating in natural populations (Wilder reports .24 to 16% berried females),
it is doubtful whether even this relatively large number will provide reliable
data on hatching in nature, free larval survival and growth. For example, our
most optimistic guess on the number of stage I larvae produced by the first
mating after the 1967 introduction is 540,000; this decreases in succeeding
years (natural mortality of females). Using this maximal figure (assuming
simultaneous hatching, O mortality, gven distribution), the density of stage I
larvae in the Basin would be 1/50 £t in the top 6-foot surface layer and tidal
action could remove them all in 36 hours. If we also consider losses from
natural mortality in the first and succeeding stages, wide larval dispersal
(tidal flow) into Useless Inlet, and discard the unrealistic assumption of
simultaneous hatching, it becomes evident that even this moderately large
introduction will still beg the question of whether a reproducing lobster
population can or cannot be established in the Pacific.
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APPENDIX I

Summary of earlier Canadian attempts to introduce east coast lobsters into

the Pacific Ocean.

Number oA : Number
Date shipped Area of introduction & ntrodiced
July 2, 1896 600 Vicinity of Nanaimo, B. C. 300
Burrard Inlet
June 8, 1905 1025 Sechelt Peninsula (Vancouver, B.C.) Exact
Gabriola Island, B.C. numbers
Bowen Island, B.C. not
Gambier Island, B.C. given.
Vancouver Island, B.C.
Apr. 9, 1908 1620 Sooke Harbour, B.C. 1100
1909 Not Departure Bay, Nanaimo, B.C. Release of
given. Stage IV
larvae
hatched at
Biological
Station.
Number not
given.
1917 Not All died in transit
given.
1946 2026 Lasqueti Island Lagoon, B.C. 1606
1954 120-140 All died in transit
1955 Not Melville Arm, Prince Rupert, B.C. Not given
given

1956




