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The whale fishery, being under international regulation, is a
special case. In accordance with the policies and nrogram of the Inter-
national Whaling Commission, the general biology of whales in British Columbian
waters and the relation of these stocks to those of ovuer areas are being
studied.

Prediction of changes in the abundance of fish stocks is important
both to profitable fishing and to effective regulation. The same studies
improve the basis for both regulation and for prediction. In some cases,
especially that of the herring fishery, predictions have become accurate
enough to be useful.

Softening the impact of industrial development. The increasing use of
fresh water for power, irrigation, and other industrial and domestic purposes
is a serious threat to salmon production both by diverting water to other
uses and by installing dams which obstruct both the upstream movements of
gspawning adults and the return of the young to the sea. These problems are
not yet as acute in British Columbia as in scme other areas but they are be-
coming more so. The Station is cooperating with other agencies in develop-
ing means of guiding salmon past obstructions.

The extent of various types of industrial pollution is under ob-
gervation and their sffects on valuable species are being studied in the
laboratory and in the field. In the case of pulp mill pollution especially,
it has been possible to advise the administration and the industry how to >
avoid damage to fisheries. '

Improvement of conditions for salmon reproduction. The growing demand
for salmon and the growing effects of industrial development on natural pro-

duction combine to make it important to examine ways of increasing production
artificially. ®Fish culture®™, in the broadest sense, may eventually become
essential if stocks are to be maintained at a high level. Some present work
has potential value for such a development and more may be needed in the near
future. In 1954 an experimental plenting of pink salmon eyed eggs was made
in an artificisl spawning bed. Progress was made in a study of the conitions
necessary in the gravel for the survival and development of salmoén eggs and
fry. Other phases are also under study.

Exploration for fisheries development. The fishing industry in British
Columbia has depended in the main on species caught readily in large gquan-
tities in inshore waters. The halibut fishery, which is the responsibility of
the International Pacific Halibut Commission rather than oi tnis Stution,
is an exception in that vessels travel considerable distances to the fish-
ing grounds, and there has been a tendency for fishing operators generally
t0 become more mobile and extend farther seaward. It is nevertheless true
that the potentialities of more distant fisheries, especially for tuna,
are virtually unknown. Exploratory fishing, and even reconnaissance, are
very expensive in offsshore waters, thus limiting the activity of the in-
dustry and making government participation essential. The possible im-
portance of offshore fishing to the long-term future of the industry and S,
the greater knowledge of offshore distribution of salmons needed by the v
Internetional North Pacific Fisheries Commission are turning attention sea-

_ward. In the meantime, explorations have been limited to less ambitious
operations to discover unused stocks of. inshore species, such as shrimp.
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Background for fisheries research and development. All of the research

and development‘projeets-qgﬁﬁﬁe&neé above and, indeed, the recognition of
E new lines of endeavour.depend on a broad knowledge of oceano-

graphic .conditions and of the biology of species which do or can contribute
to the fisheries. It. is necessary to know the conditions in the sea which
determine the distribution, movements and numbers of the fish and shellfish
on which our fisheries depend. This knowledge, which is essential both to
the most efficient fishery and to the most offective regulations alike, has
been developed energetically in inshoru waters; attention now and in the
future must be directed more and more seaward. It is necessary also to
learn the manner in which the conditions affect the behaviour and the numbers
of the important species. This is being attempted both by experimentation
in the laboratory and by observation in the field--the former to reveal the
action of individual factors end the latter to discover their actual effect
in the complex conditions which prevail in nature. These oceanographic and
biological studies, which are so essential to progress in fisheries research
and development, must keep pace with more direct studies of the problems of
the fishery if the latter are to be solved effectively.

SOCKEYE SAIMON

Puring 1954 progress was made -in the research program designed to
provide information on (a) the relation. of numbers of adult spawning sockeye
(the escapement) to the numbers and size of seaward-migrating young produced,
(b) the factors affecting end limiting natural production of young sockeye,
and (¢) the annual variations in age, 8ize and sex camposition of the sockeye
in the commercial catches of four of the mejor sockeye-producing areas of the
Canadian Pacific coast. Investigations were carried on at Babine Lake which
accommodates more than half the spawning escapement of the Skeena River sys-
tem; at Lakelse Lake, where the effort is directed primerily towards fundae-
mental studies o6f their life history in fresh water; at Port John, where in-
cidental.observations on sockeye in a small, coastal-lake area are made in

~conjunction with a pink end chum salmon program; and at coastal canneries

where the catches of the Rivers Inlet, Smith Inlet, Skeena River and Nass
River fisheries are sampled. An: important feature of having observations
and date from several sockeye areas, which differ in size, geographical
position and climate is that a greater range of natural conditions is in-
volved, and hence correlations between production and pertinent limiting
factors, such as climate and lake conditions, can be more- clearly evaluated.

Smolt production from natural sgawnigg at varying adult population den-

sities. While the studies-at all three field statioms, Babine, Lakelse, and

Port John, are providing information, the data from Babine are of particular
significance since they have to 4o with the major sockeye-producing area of
the Skeena River system. Here the program centres around the Babine River
adult-counting weir and the ‘installations which have been developed to es-
timate the size of the annual smolt run from the lake, -

(a) Babine Lake spawning runs and seedings. The adult salmon
spawning escapement to Babine Lake area each year has been enumerated since
1946, as shown in the following table:
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Year  Sockeye  "jack" sockeye . Sﬁrihgf ’,j?ink" Coho' '~  Chim
1946 = 475,705 1z°2j ' 10 528’f ‘28,161 12,489 - 18
1947 522,561 50,0 - 15, 614“‘ ‘ ,55";-421- 10,858/ " 7
1948 560,000% o e ‘
1949 509,132 - -9.4 7,433 13,663 11,938 - 5
1950 543,658 33,0 6,838 ~ 38;728 11,654 7
1951XX 152,457 ‘ 7.2 2;7785}*."“ 50 2,122 0
1952%% 376,947 7.4 5,915 2,706 10,554 - -1
1953 714,614 3.9 '8;555"’1 1,018 7,648 17
1954 503,422 1,9 5,985 " - 4 604 3,094 66
X Estimated from comparison with stream survey counts and fence counts of

previous years.
XX The runs of 1951 and 1952 were blocked by the Babine River rock slide°
The effective spawning in 1952 was less than the number of adults in-
dicates, many fish being damaged or delayed so as to prevent spawning.

The sockeye salmon are of particular interest and, since 1951, the runs have
shown considerable variation in magnitude  .and composition as a result of the
rock slide in the Babine River early in 1951. .This variation in spawning

density has made it possible to obtain pertinent information on the percent- . -
age production of young sockeye. This will be of value in assessing the adult
 spawning escapement required in an area such as Babine for the optimum pro- .

duction of young.

0f course, nnmbers of fish do not give the full picture of the egg
deposition potential of a run. The proportion of females, the size of fish,
and their physical condition are important factors. .All of these are studied
each season. Female fish in the 1954 :sogkeye .run represented about 60% of
the total, normasl males around 38%, while, the ?jacks®™ (males maturing in
their third year) contributed less :than 2% .The high proportion of females,
combined with their larger-than-average size produced the second largest
potential egg deposition so far recorded for Babine Lake, viz., slightly
over one billion eggs. Only the 1953 run of 714,614 sockeye brought more

eggs into the area since the investigation. commenced in 1946..

A record peak count of 38,755 sockeye.on September 1 probably re-
sulted from the special weekly closures (July 31 to August 2 and August 6 to
8) and ‘a week’'s. suspended fishing (Bugust.9 to 14) during a tendermen's
strike. A record low number of injured .so.ckeye "in the 1954 run gave further
evidence of the effectiveness of the removal in early 1953 of the 1951 rock
slide. Twenty-four-hour operation of the counting welr. during three periods
of the season’s run indicated that few sockeye moved upstream at night, and
that around 90% of the daily run occurred(between 7 AM, and 7 quo, the
usual hours of weir operation. . . _ ,

(b) Babine Lake smolt productions - The. smolt runs each spring
indicate the extent or percentage of. production from the egg deposition two
years earlier, e.g., the smolts of 1954 resulted mainly from.the egg de- v
position of 1952, since most of the smolts spend one year only in the lake.

Smolt estimations commenced only in 1951 and the records of production for
the four years are as follows:
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Eggs deposited in . 1949 "7 .1950. . . 1951 . 1952
Potential deposition 869 x 106 563 x'108. ‘198 x' 108 a1l x 108
Smolts resulting 4.2 x 106 4,56'x'105 3.1.x10° . 2.8x10

Percentage survival 0.48 ' “:0‘77“ S 1.57 0.68

X Probably two-thirds of these were not actually available (See text). Cal-
culated on presumed actual egg deposition, the percentage survival becomes
approximately 2%.

The smolt run of 1954 :(brood year 1952) gave the lowest recorded
percentage since estimations were begun, .19 based- on the total eggs contained
in all females passing the counting weir. However, that part of the 1952
run which passed the rock slide had been seriously delayed, and its up-river
ascent severely handicapped. Observations on the spawning grounds indicated
that about two-thirds of the femal es had ‘died unspawned. - This appreciably
reduced the‘actual egg deposition and if the smolt production be based
on actual egg deposition the rate of survival becomes approximately 2%.

Thus, as shown by the 1953 smolt count, there is a ‘tendency for smaller egg
depositions to have a greater percentage smolt production, though the actual
numbers of smolts migrating are lower than for large egg depositions. The
extent of smolt production from the two heavy egg depositions of 1953 and
1954 - to be obtained in 1955 and 1956 - will be of special interest in in-
dicating where the optimum level of sockeye produotion for the Babine Lake
area may lie.

{c) Lakelase Lake smolt produotion. Only one smolt production de-
terminsgt ion ‘has been possible since the counting weir for adults and smolts
was instdlled in 1952. From 12,000 adults counted into the lake in 1952,

a smolt migration of 379,000 in 1954 indicated & production of 1. 8%. For
years prior to 1952 (1944 1945, ‘1946, 1950, 1951) counts or.-estimates of
the numbers of sockeye on the spawning beds are available, as well as the
numbers of ‘smolts produced° Thesé date are being examined critically and
the amolt production percentages obtained for the varying spawning popula-
tion densities which occurred. °

‘ Consideration of the smolt counts already available (6 years) in-
dicates that the size of the smolt run from Lakelse Lake has varied within
rather narrow limits (mean = 460,000; range ='373,000 to 596,000). Whether
or not this lack of wide variability is due to a‘relative comnstancy of the
spawning escapement awaits examination of data for the 1944-51 spawning runs
and presumed egg depositions. Unlike the smolts from other areas, no clear-
cut inverse relationship has been found between the mean ‘size of smolts and
the magnitude of the migrations. Lo : -

(d) Port John smolt production. Five years® data are available
on smolt production from known egg: depositions. “Since’ the smolts emigrating
from Port John Lake have ‘been found to be chiefly two-year-old fish, i.e.,
had spent two years in the lake, consideration must be given to the numbers
of one- end two-year smolts in each season’s migration. Smolt enumerations
have varied from approximately 11,000 to 19,500, ‘'with- egg depositions rang-
ing from approximately 300,000 to 2,000, 000. Tentative calculations suggest
a smolt production in the Port 'John area of from around O. 5% to &% from cal=-
culated egg depositions but precise determinations await completion of full
analysis of all the pertinent data,



Factors affecting and limiting naturel production of young sockeye. An
understanding of the factors that influence, either favourably or adversely,
the production of young sockeye to the. spaward-migrating smolt stege (1) .
mekes possible a clearer. eppreciation of the variations in adult sockeye.
production from year to year, (2) will be .of value.in-predicting the return
of adults from known seedings,  and (3) provides ‘the ‘information necessery
for increasing or rehabilitating stocks in low-producing areas;, or for main-
. taining production in areas where industrial expansion mey tend to make con—
ditions less suitable,

Lakelse lLake was selected in 1949 as: the{site for such etudyo
Techniques have been established for ennmerating the sockeye uns each year
at various stages of their freshwater. life-historx such as egg deposition,
fry hatch and smolt migration. Methods describing., the physical and organic
environment of the sockeye during their. freshwater. re51dence, such as, year-
round meteorological observations, stream and lake levels and temperatures
have been developed. . Assessments..of the distributipn and abundance of food
crops (plankton, etc.)are made, «8 well as .annual determinations of the
abundance, composition~and diet. of: competitor and . predator populations of
fish in the lake.. . : I o , .

(a) Survival from spawning to emergence of fry. Scully Greek a
small sockeye=producing tributary.of. Lakelse Lake, has been used’ for five. T
years as an indicator of. fry production from a known number of eggs available.
Under varying climatic and adult spawning densities an average fry production
of 11.8% (range 9.3% to 13.7%) was obtained. In 1954 a production of 10.1%
occurred from en egg deposition of 958,000.: In 1953-54 a method of estimat-
ing fry production in the main spawning stream of the Lakelse area, Williams
Creek, was devised; a production of approximately 7.5% from an estimated
17, 750 000 egg deposition was. obtained, These.fry production records can be
compared with the similar data.obtained at a test stream, Six Mile Creek, .
Babine Leke (19% in 1954, 12% in 1951), end at Port John (13.4% in 1954;
a mean of 9.5% for earlier .years, with.range from approximately . 107% to 25.5%).
Stream water flow conditions and -abundance -end.activity of predator fish are
found to be important factors affecting survival of . eggs, alevins and fry.
(b) Survival during lake residenceu i During the one-year ‘residence

in the lake, heavy losses occur. Records-of all factors having an importent
bearing 'on survival are being obtained, -as: stated above. While data on the
production of smolts from calculated egg depositione are being obtained from
Babine and are available for Lakelse for earlier years, the 1955 smalt counts
will give the first determination for lLakelgeofsmolt. survival from es=
timated fry produced. This and subsequent findings will be. comparable with
those obtained at Port John, a much smaller area with quite different con-
ditions prevailing,

. Since previous studies (at Gultus Lake) have’ indicsted ‘a heavy .
loss of lake-resident sockeye to predatorn fish in the lake, whose numbers
may be reduced and controlled, special attention is being given to the '
abundance of predator species in Lakelse Lake _their diets end activities,
with a view. to subsequent experiments in reduction in their numbers.and
the effect on sockeye.survival., At the same time populations of other lake
fish which may compete with sqckeye- for food are -under examination; their
reduction and control may also:be- advantageous° ‘These studies involve ex-
tensive creel census work, capture of lake fish by traps and gill nets for
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population estimation, food, rate of growth, age composition analyses, etc.
Several years? records have been obtained and are being analysed.

Studies conducted by Dr. W.E. Johnson, working under a post-
doctoral fellowship from the National Science Foundation of the United
States but with some facilities and field assistance from the Fisheries

'Research Board, are aimed at relating the distribution, growth and survival

of lacustrine sockeye with seasonal and annual changes in the density end
distribution of zooplankton. In 1954 workable methods were developed for
measuring plankton density and distribution and for capturing young sockeye
in Lekelse Lake. It is planned to extend observations to a number of lakes
with varied-conditions.

Studies of the sockeye salmon fishery. Each season for the past 30
years the catches of the Rivers Inlet, Smith Inlet, Skeena River, and Nass
River gill-net fisheries, have been sampled to determine the age, sex, and
size compositions. The age data indicate the brood years from which the
sockeye in the catches originated. For the 1953 and 1954 catches the per=-
centages of the major age-groups in the samples were:

Area Age-group 1953 11954 40-year average®
Rivers Inlet 49 73 . 60 49
55 . . 26 39 ‘ 50
Smith Inlet 4o 8 61 27
, 59 ' 10 38 . 72
Skeena River 43 48 48 45
55 43 . 43 _ 43
Nass River 45 23 35 18
59 22 20 1l
5 46 40 63

& Except for Smith Inlet, which is based on only a 7~year average .

‘Were it practicable to obtain each season a reasonably approx-
imate estimate of the numbers of sockeye escaping to the spawning grounds
and the age composition of the spawners, the numbers of sockeye returning
each year from the ocean could be related to the brood-year spawning popu-
lation and the overall rate of production computed. This has not heretofore
been possible., A study was conducted this season, however, to ascertain how
the spawning escapement for the Skeena River might be adequately assessed
and the pertinent age and sex data collected. It seems that it can best be
done immediately above the fishing limits by graduated-mesh gill-net gear
or by traps.

For the Skeena River system, past 'catch sample data have been
analyzed to throw light on trends in the sockeye production. The findings
suggest that a gradual decline in the catches in the early period of the
fishery (1911-33) was associated with decreasing catches of 5-year-old fish
rather than 4-year-old fish and that the more recent gradual in the annual
commercial catch has been associated with a reversal of this trend. There
was also indication that large sockeye catches have contained more S-year-
old than 4-year-old individuals. Examination of past tagging data indicated
that the gill-net fishery took more larger than ‘smaller fish, relatively
more 5-year-old than 4-year-old individuals, and more males than females,

Review of data for the Rivers Inlet area indicates that the sockeye
runs are often dominated by one age-class in‘both catch and escapement,
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particularly when very large runs occur. These runs tend to perpstuate
themselves, those dominated by 4-year fish returning in four years and
those dominated by 5°'s returning in five years. Whether age at maturity
may have a genetic basis is being examined. ‘

The occurrence of more than one age-group in the sockeye runs
complicates greatly the assessment of production from brood years. It
mekes difficult en analysis of trends and of annual variations. Frediction
of returns from known smolt migrations, such as Babine and Lekelse, becomes
less definite. Observations now being made will throw further light on the
problem which is of importance both to Industry and to the management agency,
the Department of Fisheries.

PINK AND CHUM SALMON

Pink and chum salmon, which constitute about 60% by weight of the
total salmon landings of British Columbia, have a much wider distribution
than sockeye in the smaller streams of the province. This fact, together
with the absence of a leke-dwelling phase during the life history, has dict-
ated a somewhat different investigational progream.

Since 1947, detailed informetion on the freshwater conditions
which affect abundence has been sought at two field stations - Nile Creek, on
Vancouver Island, and Port John, near Ocean Falls. At the torme., csriuin
methods for improving the survival of the eggs and young fish have also
been tested. At the seme time, efforts have been made to keep in touch with
conditions and problems in other areas and other types of stream by surveys
and short-term observations. During 1954 the Nile Creek station has been ’ .
closed since it was felt that it had substantially fulfilled its original
objectives and that the freeing of personnel and funds would permit the in-
vestigators to apply more widely the information now available and to attack
effectively certain problems of current or continuing importance.

- Other work on pink and chum salmon has included the tagging of
adults in the sea for the purpose of tracing the routes and destinations of
the migrating fish and estimating the intensity of the fishery to which
various stocks are exposed.

At the present time emphasis is being laid on problems which can
be expressed in the questions--What kinds of gravel and what sort of stream
flow are required to promote effective reproduction, whether from natural
spawning or by artificial planting of eggs? How meny spawning fish should
be allowed or encouraged to occupy & given area of stream bottom in order to
produce the best result for the fishery. The first problem entails labora-
tory experiments on the porosity of gravel and the oxygen requirements of
developing eggs, as well as field observations. The second problem demands
field data on the reproductive efficiency of spawning populations of vary-
ing density.

(Lo 3

Nile Creek. The final operations at this field station included counts
and observations on the adult runs of 1953 and on the downstream migration .
of young fish in 1954.

The adult escapement of both pinks and chums showed a very low
survival during the ocean phase (estimated at 0.23% and 0.13% respectively).
The former species, however, approximately maintained the numbers present
in the parent year, namely, a little over a hundred fish. This stock is of
particular interest since it was established two generations previously by
introduction of eggs in 1949. The chum run was insignificant (44 fish).
The coho run (524 fish) was the second largest recorded.



B e

4

-G

The percentage output of fry from the small seedings provided by
these 1953 pinks and chums was the highest.recorded for natural, unprotected
spawnings in this stream, representing: respectively 23,6% and 13 6% of the
available eggs.

-General findings from the Nile Creek program include the following:

~ (1) The. output of fry is determined to a large extent by the sur-
vival of the eggs during the early stages of development, that is, before
the "eyed". stage is reached..

(2) Burvival is greater in gravel that is protected from fluctua-
tions in water flow. o

(3) Survival of fry during the short downstream migration to the
sea has varied from 35% to 62%.. -

(4) Freshwater survival in Nile Creek has improved during the last
few years but the escapements have not increased because of a very low rate
of return from the sea. This suggests that, the fishing intensity is heavy
in relation to the productivity of this stream. .. -

Port.-John. An, important part of the work of this field station has been
the natural conditions associated with vary@ng reproductive efficiency..

The adult pink salmon escapement. of 1953 (1,599 fish) represented
an abnormally low return fram the sea of:the. ﬁry migrants reaching the ocean
in the spring of 1952 (0.67%, as compared with over 3% for all previous re-
turns). Heavy fishing of the Hooknose Creek run may kave contributed largely
to this result. The chum salmon: run of 4, 355 fish wes the second largest
recorded in the seven years during which the station has been operated.,

Both species.achieved: a, relatively,high output of fry in the spring
of 1954, pink salmon showing an efficiency .of 1309p, chums 16. 4% The pre-
viously reported tendencies for the two species to show similar survival
rates in a given year and to produce better results when the autumn stream
flow is low, were maintained co S :

B |
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Estimation of frz by sampling with fy_ige--nets° In continuation of pre-
vious.work a series Of experiments was performed at Port John, to test the
efficiency with which fry runs can be estimated by sampling with a stand-
ardized type of fyke-net. Nets with .an opening 1 ft. x 2 fi. were set in
various positions and the catches were compared with the total numbers of
fish recorded at the counting weir. A single net was sufficient to reveal
the direction of nightly fluctuations in the abundance of migrants but the
proportion: of the run captured by a net .varied:according to its position.
Five nets spaced across the stream and presenting. a total width. of one-
third of the latter caught. approximately one-third of the migrating fish,
Eighty-five. percent: . of the fry migrated in the top 6 inches of the water.
In the nightly migration, pink. salmon. fry preceded chums by about half an
hour.:

Taggigg in Johnstone Strait° _ intensive salmon fishery ie prosecuted
in and near Johnstone Strait,. which forms a. natural funnel for fish migrat-
ing to many areas in . southern Britisgh, Columbia. - Effective management re-
quires knowledge of the destinations of the fish that are being exploited,
the timing of the passage of the various stocks through the Strait, end the
extent to which these stocks are fished at other points along their migra-
tion routes. ‘
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Extensive tagging of pinks and chums was conducted in the latter
part of 1953 in the western approaches of Johnstone Strait (Area 12) and
elso at the eastern end of the channel (Area 13).

Recoveries of pink salmon tagged in Aress 12 and.1l3 amounted to
45% and 33% respectively. In comparison with:'results obtained in 1945, the
fishing rate in Area 12 was found to have changed little, while in Area 13
the rate showed an increase from 26% to 33%. Distribution of recoveries
showed that from late July to early Beptember fish migrating to all the
main areas east and south of Johnstone Strait were present in the latter. -
After early September the Johnstone Strait population:'consisted entirely of

. £ish bound for the Fraser Rivero Fraser River fiah accounted.for about 50%

of all tags recovered- o A

Recoveries of chum salmon tagged in Areas 13:and 15 amounted to
47% end 36% respectively, both these figures reprefenting substantial. in-.
creases over the findings of 1945, when the corresponding percentages were
34% and 22%. PFish migrating through Johnstone Strait in the early part of
the season were moving mainly' towards Bute Inlet, -Toba Inlet, Puget Sound
and the Fraser River. In mid-September these Tuns wetre augmehted by fish
travelling to the east coast of Vancouver: Island and, still later, by runs
to Burrard and Jervis Inlets. ZFraser River fish dhowed throughout the
season and provided 44% of all recoveries» :

Experimental plenting of 21nk~salmon eggs. Small-scale attempts to
establish new runs of pink salmon have met with little success, but the -
absence of runs in alternate years in some highly productive areas, and in
all years in others which appear suitable, suggests that development of
successful techniques for this purposé might be very valuable. As an ex-
periment along these lines over 2,500,000 eggs collected in September and
October, 1954, at Lakelse River were’planted in Jones-Creek, a small tribu-
tary of the lower Fraser River which has substantial natural spawning of
pink salmon in the “odd" years (e.g. 1951, .1953) but hardly any in the "even"
years (1952, 1954),. The transfer was made when the eggs were in the "eyed"
stage of development, and they were planted in &an artificial gravel bed with
partially controlled water flow. Survival of the eggs and conditions in the .
gravel are being followad and the production of fry and return of adults
will be observed.

SPRING AND CCHO SALMON

‘'The troll fisheries catch‘spring and coho ‘selmon almost exclusively.
Recent tagging and marking experiments show that- coiisiderable ‘intermixing of
stocks exists in the ocean. Because of the need for internsational :co-opera--
tion in the conservation of these two valuable species, a close-liaison has
been maintained with the Pacific Marine Fisheries Commission. - For the past .
few years, the trollers have been concerned over the condition of the stocks
of both species and particularly over the catching of many small fish in cer-
tain areas., To protect these small fish, certain Yegulations of minimum
sizes and closed seasons have been proposed. :In order to evaluate the pro-
bable usefulness of such measures information'-has been obtained on ocean
migrations, growth, food, and maturity of spring and coho salmon. In 1954
a study was initiated to assess the tagging and releaalng mortalltles of
troll-caught fish,

[
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Fishery in 1954. The commercial troll catch is usually about two-thirds
of the total catch of spring and coho salmon. The sport catch, chiefly in
Georgia Strait, is about 3% as large as the commercial catch. In 1954, the
catches of both species were poor. This is particularly diseppointing in
the case of the ccho salmon, because the catch in the brood year of 1951
was probably the highest on record. Following a good spawning, the dry
summer of 1952 apparently affected the survival of young salmon in the
streams severely. Poor ocean-feeding conditions were reported in 1953,

The result has been a low adult return.

Sampling of commercial catches. In order to obtain returns from the
large marking program conduvted in United States streams, approximately
75,000 fish of both spring and coho salmon were scrutinized for missing fins.
Over 200 marked fish were found, mostly from catches made off the west coast
of Vancouver Island. The findings confirm earlier results that relatively
few coho and spring salmon marked in United States get as far as northern
Hecate Strait.

The sampling for age and size shows that a large part of the troll
fish in both gpecies are caught in their third year. Both older end younger
spring salmon are teken by the commercial fisheries and younger coho salmon
are often cayght by the sportsmen. Most of the small spring salmon are
caught off the west coast of Vancouver Island. Early this season the coho
salmon were smaller in size than in the previous two years.

Food and maturity. Herring was the dominant food in the stomachscollected,
in July 1953, from both spring and coho salmon off the southwest coast of
Vancouver Island. The large spring salmon were caught more readily on large
lures and contained more herring in their stomachs than small fish. The her-
ring consumed were smaller than most of the fish caught by the nearby summer
herring fishery. It appears that the heavy wintc. rishery of large herring
in this region does not directly affect the spring salmon food supply.

Femalé spring salmon, from the above feeding area, were separated
(by the size of the eggs and gonads) into maturing and immature fish at a
fork length of 75 centimeters. Both stages were found in male fish up to 85
centimeters. It is estimated that two-thirds of the spring salmon caught
in this region were immature. Thus immature spring salmon cannot be clearly
separated by size and a minimum size designed to protect immatures would re-
sult in the release of meny fish.

Mortality when cuaght and released. By trolling for small spring and

coho salmon and then releasing the live fish into a pound, the initial mortality

caused by catching and releasing (without tagging) was estimatea at 30% to
50% and the final mortality at 50% to 75%. When small salmon are released,
during a closed season or below a minimum size, the mortality involved, to-
gether with the natural ocean mortality, is probably higher than the gain
in weight of the survivors. In tagging experiments, when only fish in good
condition are used, the releasing mortality is probably about one-third.

EXPERIMENTAL STUDIES ON FISH BEHAVIOUR AND SURVIVAL

The major reason for commencing experimental research on the be-
haviour and survival of fish has been the inability of biologists, engineers,
or anyone else, to meet the mounting toll which the creation of high dams
is having on salmon, particularly the young salmon. Although it is generally
conceded that the problem of passing adult salmon over dams (up to 100 feet)
is being about half met, that for the young fish going over spillways or
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through turbines has hardly been touched.. Although the. condition is not yet
so acute in British Columbia, its future importance is indicated by what is
heppening on the lower Columbia River., :O0f 120 large dams planned, 61 have
been built., One of the latest, McNary Dam, has cost over. $20,000,000 in
fishways for adults migrating upstream. Little or:no expenditure has gone
into safeguarding the young-downstream migrants. :: " .

One reason why this problem. has not: been solved is the lack of
knowledge of the behaviour, capabilities and responses of the fish; in
addition to the complexity of the problem has not been commonly recognized.
The aim is to safeguard millions of young fish daily,. during pesk rums,
efficiently and effectively. Not: only must this!be achieved, but also the
problems arising from pollution, silting, impounded.waters and changed river
flows must be met. : R .

Objectives of present research are twofold. The. immediate epproach
is concerned with determining methods of 'directing 'salmon: during their down-
stream or upstream migration. It is during these critical periods that mea-
sures‘to get them past obstructions are needed. The second approach is of a
more long-term nature. Laboratory experiments are in progress designed to
establish the limits of tolerance, the preferred levels, and the general
capabilities of the fish to meet the physicel and chemical aspects of their
environment. - temperature, salinity, oxygen content, and foreign chemicals.,

Guiding sockeye smolts. From the study of guiding young salmon, con-
ducted in-a large experimental trough, there has emerged a possible system
of directing sockeye smolts-by the use of a curtain of henging chain.

Efforts have been concentrated on defining the most effective conditions of
operation both by testing within the trough and through the-  construction .of
a prototype chain deflector in the Lekélse River. -

Somewhat conflicting results between the: trough and river exper-
ments have resulted. These appear to be mostly attributable to the relative
direction and rate of flow in:the river. Present findings indicate: (1)
Unvibrated, illuminated chain placed directly in the path of migrants has
nothing but momentery influence on their continued progress downstream.

(2) Good deflection can be achieved with. sockeye if the chain is vibrated
(4-inch interval between stands, 144 r.p.m., 4~inch ampl itude) and if the
flow does not exceed 0.5 ft. per sec. (3) Much of the initial deflection
can be lost if attractive, alternative downstream peths are not presented
to the fish., Repeated experiences along the deflector result in breakdown
of close schooling and penetration through the curtain of chain.

. The -results show promise. Research:on attractive by-pass openings
is planned. S - - ,

Adult selmon repellent.- Work on the isolation of this repellent, pre-
gent .. the skin of some memmals; has moved one step nearer completion.. A
primary identification of the general nature. of the material was achieved
last year. - Recently, more sensitive techniques of .extraction, concentration,
and separation have been introduced. The threshold. dilution just producing
an alarm reaction now appears to be approximately 1 part in 80,000,000,000.
Field testing has been conducted by the Pacific Biological Station, chemical
extraction by the Pacific Fisheries Experimental Station. A

The study has done much to set the pattern of research required for
investigation of olfactory perception. If it.is possible to obtain socme
odour concentrate attractive to salmon; the combined.use’ should.prove of con-
siderable value in directing the adults. .- R c :
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Toxicity of pollutants. Proposed increases in the production of pulp
and paper have made it necessary to examine the potential toxic effects of
sulphate effluent from pulp mills on young salmon. The influence of vary-
ing temperatures, salinities, oxygen concentrations, time of exposure and
developmental stage of the fish precludes any simple treatment. A start
has been made by using the oceanographic conditions at the head of Alberni .
Inlet as a typical pattern for temperature, salinity, and miving. Max imum
safe exposure times for sockeye under-yearlings were determined for a
number of concentrations. In the presence oir adequate oxygen, rour weeks'®
exposure to a concentration of 3.3% sulphate effluent was considered safe.
Oxygen requirements of the fish increase with increasing concentration of
effluent. It is concluded that the maintenance of an adequate oxygen level
is the most serious problem arising from the presence of kraft mill efflu-
ent.

Similar type experiments to determine safe concentrations of sod-
jum arsenite have been performed on young chum salmon. For an exposure of
12 hours a dilution of 12.2 parts per million is required. This chemical
has been proposed for use in the treatment of rafts to protect them against
teredo infection in saltwater.

CONDITIONS FOR SURVIVAL AND DEVELOFMENT OF SALMON EGGS

Field observations have shown that the survival of salmon eggs to
hatching and emergence of fry varies greatly and that changes in abundance
of salmon stocks may often be caused in large part by changes in conditions
in the gravel of spawning beds. Knowledge of what these conditions are,
how they vary and how they affect survival, is important to an understanding
of the natural fluctuations of salmon stocks; it is also important if we are
to improve these conditions and so increase salmon production. The uses of
water for other purposes is already encroaching on salmon spawning grounds
and artificial gravel beds are already being tried in a few instances.

BEquipment that successfully measures the rate of flow of water
past salmon eggs in various kinds of gravel has been developed. Velocities
of more than 4 inches per hour are needed for water moderately saturated
with oxygen. Laboratory equipment has been developed and installed to mea-
sure survival in various combinations of age, temperature, water flow, car-
bon dioxide and oxygen. The first results show that at a temperature of
41°F. and a flow of about 30 feet per hour, an oxygen content of two parts
per million is too low for chum salmon eggs to survive to hatching.,

This experimental work is still in progress. Information is also
being gethered on the natural survival of eggs in gravel with various con-
ditions of flow and oxygen content so that the laboratory results can be
used to explain survivals or mortalities in nature. It is hoped that eventu-
ally measures may be taken to assure satisfactory conditions and artificially
increase production of young salmon.

HERRING :
When they concentrate in inshore areas during the autumn and
winter-(before spawning in March), herring are fished intensively by a well-
equipped and well-organized fleet of purse seiners; there is also some fish-
ing at other times and with other methods. To avoid danger of leaving too
few spawners to maintain the catch, herring fishing is under regulation which
restricts fishing seasons, gear, and the total quantities which may be

caught in a nmumber of defined areas. The purpose of the Station's
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investigations on herring is to improve the scientific basis for regulation,
go as to avoid either too much or too little, and for prediction of abund-
ance, 80 a8 to aid industrial efficiency. For both these objectives it is
necessary to recognize and distinguish the effects on the abundance and dis-
tribution of herring of natural factors, on the one hand, and of the fishery
on the other, The former cannot be controlled but knowledge of them is
essential to prediction of abundance and to understending of the effects of
the fishery; the fishery itself can be controlled, as it now is, in order to
meintain the long-term yield but unnecéssary restriction must be avoided.
Information bearing on these objectives is gought from five sources:
(1) The collection of catoh statistics provides information not only on the
amount of fish teken from each major fishing ground, but also on the amount
of fishing effort required. This indicates-the level of abundance of the
stock., (2) A tagging program permits definition of the limits- of the various
populations and assessment of their intermixing and, in some cases, rate of
exploitation. (3) Samples of fish are examined to show the age composition
and the aveiuge lengths and weights of fish in the different areas. (4)
The amounts of spawn deposited on the beaches are estimated to provide an
index of the amounts of fish escaping the fishery. Spawn destruction by sea-
birds, waves, and exposure to the air is also observed. {(5) In certain
areas the quantities of young herring in their first year are estimated and
their movements followed by marking experiments. It is hoped that these.
studies will permit better and longer-range predictions of the supply of her-
ring to the fishery. : - cooL S

Catch statistics. In the 1953-54 season a record catch of 210,210 tons
of herring was made., The catches iq,tha.iarious areas were as follows:

Vencowver Island

Wwest Lower east Middle east Upper east Central Northern Queen Char-
coast ~ coast coast : coast .  mainland meainlend lotte Is.

41,350 52,660 19,600 6,650 31,650 29,750 28,530

- The catches in the northern and cental areas were somewhat below
averege in 1953-54, the quota being taken in the former but not in the latter.
On the west coast of Vancouver Island the :catch, while: considerably greater
then the catches in 1950-51 and 1951-52;; wes about average; fishing was better
off the southern part of the west coast then off the northern. The catches
in the lower and middle areas of the east coast of Vancouver Island were the
largest on record; catch quotas were extended because of the indications of
end abundance of herring and a suspected greater-than-normel carry-over re-
sulting from the almost complete lack of a fishery in 1952-5%. While the
quote was not reached in the upper east coast of Vancouver Island area, the
catch was about average for recent years. The catch in the Queen Charlotte
Islands was 150% greater than the previous record catch in 1951-52; the
fishery was centered in Skidegate Inlet, &én area not- previously exploited.

Tagging and tag-recovery. In 1953-54 a total of 4,615 tags were re-
covered,: 67' by two electrohic -tag-detectors énd 4,548 by megnéts in 14 re-
duction plents. The large number of recoveries reflected the heavy tagging
of the populations in recent years.: ‘ o o






consequently, on the intensity of the fishery, and (b) provide an indication
of potential production for the next generation and thus form an element in
-forecasting abundence, Spawn surveys are carried.out in .all areas by officers
of the Department of Fisheries and in certain areas by Station personnel.. -
In 1953, because of the almost.complete lack of a-fishery, spawn
deposition was the highest on record. "In,L954,Jas‘was‘to be expected, it
showed a general decrease from the high level of the previpus year., -The de-
crease occurred in all areas except the Queen Charlotte Islands, but in only
two, the northern mainland and the middle east.coast of Vancouver Island,
did the deposition fall slightly below average. In the Queen Charlotte Is-
lands spawn deposition increased, especially in the southern-east-coast
areas, where only a small fishery occurred because of the greater abundance
and availability of fish off the northern part of the east coast. :
Studies on the variations in the mortality of spawn related to ite
position and degree of exposure confirmed the results obtained :in 1953, Mor-
tality is greatest in the sites most exposed to heavy seas and in those where
a high degree of shelter reduces circulation and salinity; it is least in
intermediate situations. Variations in mortality of .eggs does not seem likely
to be a dominant influence on.abundance. . . ‘

Abundance and distribution of young herring. Preliminary, studies have
shown that a young herring has a critical period in its.life shortly after
it emerges from the egg. It has seemed promising, therefore, to study the
young fish after this stage, to follow their movements and to develop methods
of assessing their abundance, in.the hope of using this information to fore-
cast the abundance of commercial fish two and three years later. :

This work is at an early stage. Preliminary results indicate that
in Barkley Sound juvenile abundance was greater in 1954 than in 1951, 1952,
or 1953. Abundance in 1953 was less than in 1952 and about the same as in
1951. When these year-classes enter the fishery it will be possible to dis-
cover to what degree these findings indicate their relative importance com-
mercially. . . . '

Effectiveness of regulation by catch gquotas. An important phase of the
herring investigation is a comparative study of ﬁwovpopulapions‘to.dete;mine-
how effective quota restrictions on catch are as a means of maintaining popu-.
lation abundance. A quota of 40,000 tons is maintained on .the lower east
coast of Vancouver Island area while, on the west coast of Vancouver Island,
fishing is restricted only by a closing date. Results, so.far, have indi-
cated that absence of a quotae has not adverse;yﬂgffécted‘abundance on the .
west coast and that quote restrictions may not be necessary on the lower-
east-coast populations. Fluctuations in abundapce, attributable to varia-
tions from "natural® causes rather than to the effect of fishing, have oc-
curred in both populations. R

Abundance of herring in the 1953-54 season. . Information on catches,
amount of -spewning, and age composition have been uged to draw conclusions
about abundance in the major herring populations. The populations on the
lower east coast of Vaencouver Island and on the west coast. of .Vancouver Is-
land have increased. Abundance on the lower east coast is at the highest
level of recent years and on the west coast it has returned to about the
seme level as before the decline in 1951-52. The increase has been more
marked in the southern-west-coast areas than in the northern-west-coast areas.
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Decreases in population size have occurred in the northern mainland and
middle east coast of Vancouver Island. Other populations have remained

about the same. - -

Forecasts of herring abundance. The forecasts of population sizes for
the 1953-54 "season were generally reliable-although there were certain
minor descrepancies, A prediction of abundance of herring was published
prior to the 1954-55 fishing season. It is éxpected that herring will show
a slight increase in abundance in'the southerii part of the east coast of the
Queen Charldtte;islands‘ahd'in‘the‘ceptral mainland area. In the northern east
coast of the Queen Charlotte Islands, the upper-east-coast and iower-east-
coast areas of Vancéuver Island, little dr no-chenge in abundance is expected.
A decrease in abundance is expected in the'northern mainland, middle east
coast of Vancouver Island and possibly west:coast of Vancouver Island.
Better fishing is expected in the southern west cosst than in the northern
west coast of Vancouver Island.

Mortality and recruitment of herring. A’ study has been made of age com-
position and catch data collected since 1915-16 from the herring fishery of
the lower east coast of Vancouver Island with the-object of obtaining basic
information on recruitment and mortality. A formula has been devised which
permits the direct calculation of absolute re¢ruitment and natural mortality
rate, agsuming that neither‘has'undergohé;progressive.changes in time.,
Natural mortality rate emong recruited fish appears to average about 50% per
year. An increase in natural mortality rate with age is indicated. It may
be caleulated that about 600 million recruits ‘join the fishable stock on the
average each year. It may also be calculated that the fishable stock at the
start of the fishing season in recent years has averaged about 80 to 90
thousand tons of which about half are taken by the fishery.

Development of a mid-water trawl. ' During 1954 an attempt to develop a
mid-water trawl for herring was started using funds rrom the Industrial -
Developement Vote. A trawl has been designed and constructed and will be
tested early in 1955. - A new type of otter-board has shown promise in pre-
liminary trials. o S e

GROUNIF ISH e - B
" The continental shelf in most regions of the northern hemisphere
is the'habitaﬁ of many varieties of ‘groundfish which are exploited by otter-
trawl, set-line and other types of bottom fishing gear. 0ff the Pacific
coast of Canada the 'shelf is very marrow, and the fishing banks and the stocks
of fish on them are relatively small in size. In-view of the suspected
limited potential, an investigationh was started about a decade ago to assess
the consequences of a rapidly evolving otter-trawl fishery and the extent
of its competition with the long-esteblished line fisheries. This investiga-
tion demands continuing observation and seeks-to reveal both long- and short-
term chenges in -yield and their. causes. ‘It is complicated by the highly
selective fishing methods and the grest number of species (about 20, of which
six or seven are in fairly constant demand). Most of the catch is taken in
international waters in competition with United States vessels.

B Trends and fluctuations'in yield have been observed which may be
the effects of changing natural conditions in the sea on survival of young
or movements and distribution of fish, or which, on the other hand, may be
caused by changes in fishing efficiency or effort. It is important to
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separate the effects of nature from those of fishing and to predict how the .
various observed conditions will. affect the availability of groundfish.
stocks to the commercial fishery.

-Lines of investigation include: (l) The collection of accurate
catch statistics to indicate changes in abundance or availability. :(2)-
Tagging experiments to define the geographical limits of various populations
and to assess theirsizes, rates of fishing, and natural mortalities. (3)
Age and growth studius vo provide information on variations in the strengths
of year-classes and reveal the effects of fishing on.growth and mnrtality
rates. (4) Surveys of important fishing banks to determine the geographical
relationships of the nursery grounds to the adult grqunds, and the year-to-
year fluctuations in the strengths of year-classes at the juvenile stage.
(5) Attempts to associate biological changes. (recruitment, growth, and .
catchability ) with changes in the physical environment. :

Trends in catches and svailability. Port observers are situated at
Vancouver and Prince Rupert who obtain, from otter-trawlers, long-liners
and trollers, records of the total catch of each species, area of. capture,
and the amount of effort expended.

In the year ending September 30, 1954 Canadian. otter—trawlers
and line vessels caught 19.4 million pounds of groundfish (exclusive of
halibut). The trawler share was 14.8 million pounds, but only 8.8% of this .
total was of species also exploited by line vessels (lingcod .rockfish and ‘
blackcod). Attention of the trawlers has been focused on gray cod (5.4
million pounds) and several species of flatfish (5.3 million. pounds). For .
the third time in the past seven years the gray cod (Gadus) has been the
dominent single species in the catch.

The total cateh by otter-trawlers was about the same in the pre-
ceding year. About 11.3 million pounds were taken in international waters
(6.6 million in Hecate Strait and 4.7 million off the west coast of Van-
couver Island). The remaining 3.5 million pounds were caught in the ter-
ritorial waters of Georgia Strait. Production in the latter area has in-
creased more than twofold in the past .five years largely as a result of a
relaxation of trawling regulations. This was recommended on the basis of
six years of research to determine whether or not otter trawling camn be con-
ducted without undue interference with the hand-line fishery for lingcod.

Statistics of catch and effort are being used to determine annual
changes in the availability of various stocks. As predicted, the catch of
brill per unit of effort in the waters off the west coast of Vancouver Is-
land is continuing to decline. In 1948 the average catch per hour was 350
pounds and the average catch per trip, 9,700 pounds. Since then there has
been ‘a fairly steady decline to a low point in 1954 of 135 pounds per hour
and 4,600 pounds per trip. This serious decline does not seem to be the re-
sult of over-exploitation but rather of failure in recruitment of young
brill to the fishery caused by natural factors affecting survival.

In the Hecate Strait area, the average catch of lemon sole per
unit of effort is undergoing no appreciable change and in 1954 stood at 790
pounds per hour, which is approximately the mean value for the past decadse.
The rock sole presents an interesting contrast, in that the average catch
per hour has had a pronounced upward trend in the past seven years, In 1954
it reached an all-time high of 2,550 pounds per hour, well above the mean of
1,370 pounds for the past decade. This seems. to have been mainly the re-
sult of the recruitment of exceptionally strong year-classes in 1943, 1947,
and 1948, and has taken place in spite of a marked upward trend in the
annual yieldo
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Because of fluctuations in demand it has been difficult to inter-
pret trends in availability of gray cod on the important fishing grounds in
international waters. However,.a study conducted on the inshore fishery at
Nanoose Bay shows considerable fluctuation in the average annual catch per
hour which seems to result from changes in catchability, not abundance.
There is no evidence that the intensity of fishing has affected availability.

Availability of blackcod has been relatively stable over the past
decade but at a considerably lower level than during the nineteen thirties.
The current level is not the same for all fishing areas and the various
levels seem to be related to the history and intensity of the fishery and
probably to the cost of production as affected by the distance from railhead
markets.

Divisions of stocks and movements -- shown by tagging. About 4,550 '
flatfish and 450 roundfish were tagged in 1954 -- somewhat fewer then in
previous years. The geographical limits of many populations of flatfish
have now been established and their sizes estimated. Long-term studies to
determine rates of mortality have been slowed by difficulty in finding a
tag attachment resistant to salt-water corrosion -- a difficulty largely
overcome by the use of stainless steel. New methods of tagging certain
roundfish species (particularly gray cod and lingcod) will now permit more
extensive quantitative experiments. B - S

Early in 1954 the.Station cooperated with the Washington State
Fisheries Department in tagging on a newly discovered spawning ground of the
brill off the west coast of Vancouver Island. Preliminary results confirm
that at least some of the schools of brill which inhebit Queen Charlotte
Sound end Hecate Strait during the summer months move southward and into
deep water off the west coast of Vancouver Islend during their winter spawn-
ingo

Tagging of a spawning stock of lemon sole near Point Atkinson, in
the Strait of Georgia, for the first time showed that the stock disperses
along the ‘éstuary of the Fraser River during the. summer months and that some
fish move into United States waters bordering on Puget Sound. Further tag-
ging experiments on rock sole support the conclusion that this species is
not highly migratory. Fish tagged on the Goose. Island bank show little -
movement from that area and no mixing with the large stocks in Hecate Strait.

Recoveries of tagged lingcod ‘continue to show that the adults of
that species are relatively sedentary. FPreliminary experiments on gray cod
have shown some tendency to moderate migrations within the Strait of Georgia.

Age and growth,,.in the year ending September 30, 1954, 28,600 otoliths
(ear-stones) were collected from commercial catch. samples of the three most

important species of flatfish (brill, lemon sole and rock sole) for age de-
termination. Satisfactory methods have been evolved for sampling commercial
catches of lingcod and blackcod and about 12,000 were measured during the
summer. Sempling of gray cod has been increased substantially; over 10,500
were measured. :

The study of the size and age composition of brill has explained
the declining catch of that species off the west coast of Vancouver Island.
Young fish have been entering the fishery in below average numbers over the
past six years and the average size of fish caught has been steadily in-
creasing. This phenomenon is occurring also in the stocks fished in Queen
Charlotte Sound end Hecate Strait. Preliminary results show that broods ‘
produced in the years since 1942 or 1943 have been below average in strength.
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- The year-classes of 1947 and 1948 continue to dominate in the
catch of rock sole in northern Hecate Strait and have been at least partially
responsible for the marked increase in the success of fishing in recent years.
In 1949 and 1950 the butter sole stock in Hecate Strait did not follow its
usual habit of congregating in Skidegate Inlet at the time of spawning and
it was thought this might seriously affect the survival of young. Investiga-
tion has' shown, however, that the 1949 and 1950 year-classes are not below
average in strength. It must be concluded that successful spawning is not
dependent ‘on the adults gaining entrance to Skidegate Inlet, or that the
Hecate Strait population draws its recruits mainly from other spawning stocks
as yet undiscovered.,

Considerable progress has been made in age-determination of the
lingcod. Following the change in average size of young fish throughout the
year has shown that the lingcod enters the commereial fishery about the end
of .uvs third year. This is supported by observations of the number of rings
on the vertebrae. To date, ages up to 15 years have’ bgen determined from
vertebral ring counts., - ~ o

Distributlon of flatfish of: varions ages. In 1955 and 1954, north-coast
banks (Cape Scott, Goose Islands, .and Hecate Strait) have been surveyed with.
small-meshed trawls on the Investigator No, 1. The purpose was to discover
the sizes of each species on thése banks and: especially, whether the young
occupy the same grounds as the adults. An attempt is also being made to
obtain indices of relative abundance.of various age-groups for use in pre-
dicting abundance and investigating the factors governing it. _

In Hecate Strait. it has been found that the young of -the rock sole
and butter sole inhabit roughly the same depth and locality as the adults.
In contrast the young of the lemon sole are found in shallow water near the
shore,: while the adults are in- deep water and considerably removed from the
nursery grounds. On the Goose Island grounds, adult rock soles inhabit deeper
water than do the adults in northern Hecate Strait; and are separate from the
young which are located in shallow depths, A similar situation. seems to ex-
ist on the Cape Scott bank. In none of the northern regions so far has there
been any sign of nursery areas for brill. . .

Pogsible 1nfluence of climatic changes on abundance of groundfish°
Since long-term climatic chenges have been shown to have affected the yield
of groundfish in many areas of the North Atlantic, amn enquiry is being made
into the occurrence of similar changes in the northeastern Pacific. Mean
annual air temperatures showed a marked upward trend between 1910 and 1940
in southern regions of British Columbia and between 1920 and 1940. in north-
ern regions. The general trend corresponds well with: that which has occurred
in the North Atlantic, but only to about 1940. . In the latter area tempera-
tures continued to rise at least until 1950, while in.tihe North Pacific they
entered a sharp decline which has continued to the present. As yet there is
no definite evidence of the effecta of these trends on the groundfish stocks
off British Golumbia° : e

Examination of whales as they are processed has yielded. information
on breeding, growth, and age, giving a basis for detecting evidence of over-
fishing &nd for making most effective use..of the resources without imposing
unnecessary restrictions. The work is being carried out in conformeance with
the International Whaling Agreements which require that accurate statistical



data be collected on all whales landed and encourage participation in biolo=~
gical whale studies. Collection of biological field data was curtailed dur-
ing the 1954 season so that the time might be more profitably spent in ana-
lysis of data end material. Essential gstatistical data were collected dur-
ing the.greater part of the season. :

The whale fishery in 1954. The whaling station at Coal Harbour, near
the northwestern tip of Vancouver Island, which remains as the only whaling
operation off the west coast of North America, completed its seventh succes-
sive whaling season in 1954. A catch of 630 whales was taken by 6 catchers
operating during a 6-month period from March 15 to September 15. This is
the largest catch, the longest season and the largest catching fleet in the
history of this operation. In terms of yield per unit of whaling effort,
however, it was not the most successful year. The number of whales taken
per catcher's day's work was 0.84 in 1954, as compared to 1.05 in 1952 and
0.88 in 1953, The catch consisted of a relatively large proportion of sei
and humpback whales - species which are smaller and economically less valu-
able than the finback, blue or sperm whale.

Whales céught and processed at Coal Harbour, British Columbia, 1948-1954.

Year _f?;ﬁ*ﬁgﬁf ~ Fin Hump Sei "$§erﬁ; Others Total
1948 . =~ 37 150 2 28 - 162
1949 2 105 76 3 - 69 . 255
1950 4 150 95 24 40 1(1) 314
1951 9 =216 51 5 153 3(2) 437
1952 16 240 61 22 126 - 465
1953 8 18l 47 14 275 14(3) 539
1954 11 150 106 134 226 = 3 (4) 630
Totel ~ 50. 1,079 551 = 204 . 917 21 2,822

(1) One Berardius 4 '

(2) Oné Berardius, one right whale, one gray whale,

(3) Four Beradius, ten gray whales taken under special license.
(4) Three Beradius o :

Age end growth. Age studies meke use of the baleen plates end the
numbers of corpora lutea in the ovaries of females. A periodicity in the
growth of the baleen plates provides a method for aging young individuals.
The number of corpora lutea in the ovaries provides a method of demonstrat-
ing relative ages of mature individuals. A combination of the two methods
has shown that the British Columbia operation depends ‘argely upon young
whales. Age studies to date suggest a need for revisiun of our understand-
ing of the age at which sexual maturity is attained in finback whales.

Local ‘dharacteristics of growth. Measurement of body parts, as & means
of demonstrating changes in body form with increasing body lengths has re-
vealed differences between whales from this locality end those from others.
Finback, blue, and sei whales of given lengths have more mature body char-
acteristics in this locality and grow more slowly than their counterparts
from the southern hemisphere.




-BQ=

The growth of humpbacks appears to be faster here than in the southern
hemisphere. The changes in the body form of sperm whales, on the other -
hand, is found to be similar wherever they have been studied.

Maturity. Observations of maturity and of foetus lengths at various
times have shown that breeding and parturition are at & maximum during the
winter months end that one young is born during a two-year cycle. Humpbacks
sometimes breed out of season and may bear more than one young ‘in_ two years..
. Average lengths at the attainment of sexual maturity in finbacks from this:
locality are 58 and 60 feet for the males and female s, respectively. These
lengths are some 5 feet shorter than corresponding lengths for southern fin-
backs. Humpbacks in this locality attain sexual maturity at lengths of 38
and 40 feet for the males and females, respectively. All female blue whales
loneer than 71 feet and all female sei whales longer than 42 feet were found -
to be sexually mature. ' o e ‘

CRAB AND SHRIMP . o ‘ ‘ _

The Queen Charlotte Islands ¢rab fishery accounts for about 60% :
of the British Columbia crab production. In one region of the fishery,
Hecate Strait, there is joint exploitation by Canadian and American fish-
ermen end American vessels took from 69% to 76% -of the catch in the years
1950 to 1952, e L e
There is evidence that the fishery in Hecete Strait has reduced
the abundance of older crabs and is now dependent-upon the recruitment of
younger crabs. The situation is of economic importance since the crabs
which moult to become of commercial s.ze in the summer months have a lower
content of meat and are unsyitable for sale as the valuable frozen crabs,
This situetion also exists ip McIntyre Bay (Dixon Entrance), where exploita-
tion is solely by Canadian vessels. o O ' .

The research program is planned to study fluctuations in the ab-
undance of crabs, Tagging has been used to determine the rate of exploitatiam
and population sizes; juvenile crabs are sampled to determine distribution
and abundance; the mating behaviour is  studied to-determine the reproductive
potential of the population. L

Proportion caught and Eopul&tibn"siié. The-extensive tagging program -
conducted in the three regions of the fishery was discontinued- during 1954
but returns from earlier taggings are now being analysed. In Naden Harbour
for example, 32.6% of the 261 crabs tagged in 1953 were taken in the fall
fishery that year. The catch was 58,916 crabs, giving an estimate of 150,000
for the 1953 Naden Harbour population of crabs of 'catchéble ‘size. This com-
pares with a proportion caught of 35.6% and an estimated population of -
118,000 in 1952, o g

Distribution and abundance of young crabs. Experimental trawling to
£ind jevenile crabs was continued in 1954.  The work was primarily concerned
with establishing the distribution; however, it has been possible to compare
the abundance in 1953 and 1954 at a number of ‘stations. In Naden Harbour
the very small crabs (O-age group) were less abundent in 1954'then in.1953;
the yearlings (I-age group) were slightly niore ‘abundentin.1954, In McIntyre
Bay the O-age group were congiderably less abundant in 1954 than in 1953,
The 1954 Hecate Strait sempling was' insufficient: to make this.comparison. .



Size at which males mature. The present regueltions for crabs have the
practical effect of limiting the fishery to male crabs which mature before
reaching legal size. Breeding males were identified by the charateristic
"wear marks" on the inner surface of the claws, Observations in Naden Har-
bour during.1953 showed that 42 ,4% of mating males were under legal size.
This indicates that the smaller males form an important part of the breeding
population; it is possible that their participation would increase if the
abundance of legal-sized meles were reduced by an intense fishery.

Food. In a preliminary study the contents of the stomachs of 170 crabs
collected in 1952 and 1953 were examined. Small crustaceans were found
most frequently, and clams were also important. Since these organisms occur
abundantly in the region inhabited by the crabs in the summer months, there
is no evidence that. production is limited by food supply.

Explorations for shrimps and prawns. In recent years the supply of
shrimps has been insufficient for the market demand. Starting in 1953, ex-
ploratory fishing has been carried out to locate new fishing grounds, emnd
also to test shrimp fishing gear. Two vessels, the Station trawler, Inves-
tigator No. 1, and a chartered vessel, Yuri M, were used for this work in
the winter of 1953-54. Localities in the Strait of Geqrgia, Chatham Sound,
and in Queen Charlotte Strait and adjacent inlets were prospected.

Two productive regions were found: near Cape Lazo, Vancouver Is-
land, and in Chatham Sound. Within three months after its discovery the
landed value of shrimps from the Cape Lazo ground was approximatley $14,000.

The testing of shrimp gear showed that the otter trawl was more
efficient than the beam trawl since it could be towed faster and so catch
more shrimps per unit time. However, there are several features which tend
to make the otter trawl unsuitable for.small boats. The capital outlay of
the gear and the operating costs of the vessel are higher; the larger loads
of fish increase the work of sorting shrimps. Refrigeration equipment was
tested in co-operation with the Pacific Fisheries Experimental Station; and
the holding of shrimps aboard a fishing vessel for as long as eight days was
found practical,

An extended prospecting program, to include regions of the coast
previously unexplored, was started at the end of May, ng&e Localities
on the west coast of Vancouver Island, in the Strait of Georgia, and on the
northern coast have now been prospected, using an-otter trawl and prawn
traps. A small shrimp trawling ground was found in Barkley Sound on the
west coast of Vancouver Island and two smell prawn trap grounds in the
Strait of Georgia. The chartered vessel Yuri M has been used for this pro-
specting. ' T

Both the 1953-54 and 1954 programs were financed from the In-
dustrial Development Vote of the Department of Fisheries.

PATHOLOGY ' ,

An investigation of the diseases and parasites of fish and marine
mammals was started late in 1952 with the: principal aim of learning what
effect they have on the numbers or qualities of commercial species and
whether remedial measures are possible. In addition to a general survey of
the parasites of many species, special attention was given in 1953 and 1954
to a nematode (Anisekis), immature stages of which occur in the body cavity
(not the flesh) of herring and are said to impair their suitability for
canning,
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A statistical analysis of the occurrence of Anisskis larvae in
herring of ithe British Columbia coast has been completed. The level of in-
fection increases with the age of the fish but is not influenced by their
sex. Infection occurs in all. the herring stocks with some local variation
in intensity. v : . '
The life-history of Anisekis simplex, which matures in several por-
poises and whales, is being studied. The larval stages ingested by the
mammals, along with fish, apparently bury their heads in the' wall of the
stomach, undergo one moult, detach, and remain free in the stomach, where
they undergo. another moult and mature. 'Eggs are passed with the feces of
the host and hatch in sea water (at least under laboratory.conditions) to
second stage larvae. Attempts to infect herring with these larvae have
been unsuccessful ipdicating thet the parasite occupies a third host (the
"primary intermediate host™ ) between leaving the mammal and entering the
fish. Attempts to infect several crustacean species with the second stage
larvae have so far failed and the intermediate host aor: hosts remain unknown.

'~ In surveying the parastic fauna of the. fishes and sea memmals of
the B.C., coast, three new species have been uncovered, viz. Cyamus catodontis
(external parasitic amphipod) from the sperm whale, Lecithodesmus spinosus
(a liver fluke) from the sei whale, and Crassicauda pacifica (a large kidney
nematode) from the. fin whale. ' . ,

EFFECTS OF ‘POLLUTION -ON FISHERIES : . T ’

‘Industrial development in British Columbia is proceeding at a
rapid pace and brings with it the problem of dispersing of wastes with the
least possible damage to fisheries but at costs which are not prohibitive.
The attack on pollution problems is therefore being intensified .and it is
the aim of the Station's work in this field to give advance information
and - advige to the administration &nd ‘the industry so that development can be
planned along lines as satisfactory as possible to all interests. The work
involves both studies of the eéffects of pollution on the fish and shellfish
end studies of the distances ‘to which damaging or dangerous pollution extends
from its sources.. The former require cooperation with those specializing in
experimental studies of fish behaviour and survival (see above), and the
latter cooperation with the Pacific Oceanographic Group. .

A general survey of the present and prospective pollution which
may affect fisheries is being commenced. Attention is also being given to
immediate problems as they arise and, in 1954, these have been concerned
mainly with pulp mill wastes., A survey of-Alberni.Inlet in September showed
that, under present conditions of Somess River discharge, the levels of dis-
solved oxygen and hydrogen-ion concentration were unaffected except in the
immediate vicinity of the gewer outfall from the pulp mill. Another survey
was made on which advice has been given on the placing of the sewer outlet
from a pulp mill which is under comsideration in ahoﬁher area.

INVESTIGATIONS IN THE WESTERN ARCTIC _

The Station, through Dr. F. Neave, took part in the joint Cenadian-
United States expedition to the Beaufort Sea in 1954. This work was in the
nature of a reconnaissance in the area covered by crossing the Beaufort Sea,
circumnavigation of Banks Island, and brief exploration of the southern side
of Viscount Melville Sound. Opportunities for biological work were limited
by the fact that the two United States icebreakers ("Northwind® and"Burten
Island" ) engaged were occupied also with other work, .éspecially hydrographic
OC————— y
surveying and meteorological and geodetic observationg.

"
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Valuable, though very incomplete, informetion was obtained on the
plankton, bottom fauna, fishes, and marine mammals. Plankton was found in
considerable quantities; bottom fauna showed a considerable variety and one
species (an amphipod) seemed abundant enough to have possible value as a
local food supply. The limited effort which could be devoted to operating
various kinds of fishing gear failed to reveal any abundance. Observations
were made on marine memmals, only the ringed seal being seen with any fre-
quency about Banks Island and Melville Sound. On the whole the findings
suggested that more immediate value is to be expected from exploration of the
fisheries potential along the mainland coast of the Beaufort Sea.

MISCELLANEOQUS

The joint report by Japanese, United States and Canadian scientists
on the cooperative fur-seal investigation has now been completed and sub-
mitted to the three governments. The purpose of the investigation was to
provide dependable informastion on the abundance and feeding habits of fur
seals off the coasts of Japan and North America and the field work was com-
pleted in 1952.

A review of records of observations of fur seals in inside coastal
waters of British Columbia has revealed some twenty reliable cases of their
occurrence there in the past twenty-five years.

E. and C. Berkeley have continued their work on the distributions
and life-histories of polychaete worms. Pre-eminent in this field, they are
frequently asked to classify material from other areas. Studies at the
Station in 1954 were concerned principally with the life-histories of
Micronereis nanaimoensis and Dodecaceria fewkesi: attempts to rear these
species have met with some success but rearing to maturity has not been com-
pleted, i

The Station and the Pacific -Oceanographic Group are cooperating
with the Department of Public Works in an investigation of the possible
danger of serious damege by shipworms (Bankis ) to the wharves at Steveston,
B.C,, resulting from alterations to the harbour. Cooperation has also con-
tinued with the Forest Products Laboratory, Department of Natural Resources
and Development in the testing of the effectiveness of various wood preserva-
tives in preventing attacks by marine borers.

CCEANOGRAFHY

The importance, indeed essentiality of oceanographic investigations
to fisheries research and development has already been noted. They describe
the world in which fish move and multiply end if we do not know its climate
and its topography we cannot understand how to find and catch fish most ef-
fectively nor what changes in their numbers to expect,

The: oceanographic work of the Fisheries Research Board is carried
out through the Joint Committee on Oceanography which, with scientific per-
sonnel supplied mainly by the Board and ships mainly by the Navy, conducts
research of basic value to both defence and fisheries, as well as to meteor-
ology and other activities. The Pacific Oceanographic Group, under the
Joint Committee, has its headquarters at the Station and there is very close
cooperation between the work on biological fisheries problems and that on
the related oceanography.

The oceanographic program for fisheries includes first a descrip-
tion of the environment by thorough surveys of important regions in turn,
repeated in type situations to show conditions throughout the year in each
region. Daily observations are taken at a number of points to indicate the
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variations in conditions from season to season and year to year; thess form
the basis for understanding related variations in fish abundance and move-
ments. As the oceanographic work progresses and the current systems emerge,
a better understanding of fish migrations will be possible, The detailed
relationship of fish distribution to boundaries between waters of different
temperature or salinity is already recognized as importent to fishing opera-
tions elsewhsore and, if we are to get the best out of the resource, such
knowledge must be developed here.

It must, of course, be realized that, in many cases, informatiom
must be gathered over a long period before the relationship of fish abund-
ance and movements to the oceaonographic environment cen be discovered. We
are, however, reaching the stage where such analysis and correlation is more
end more possible -- and necessary, if the full benefits of the oceanographic
work are to. be had. '

An account of the work of the Pacific Oceanographic Group appears
in the repart of the Joint Committee on Oceanography.

COOPERATION WITH OTHER BODIES ' -

The Station, in the normal course of its work, cooperates closely
with other branches of the Federal fisheries service and meny such instances
can be found in this report. Cooperation with some other bodies deserves
special mention.. '

International North Pacific Fisheries Commission. Dr, Hart (then Direc-
tor) and Dr. Needler were scientific advisers to the Canadian delegations to
the first meeting of the Commission in Washington, D.C., in February, 1954.
Dr. Needler, as convenor of the scientific members of the Committee on
Biology end Research, and Dr. Foerster, the other Canedian scientist on the
Committee, played an importent part in the preparation of the research pro-
gram which was adopted by the Commission at its second meeting in October,
1954, at Vancouver, B.C. They attended a special meeting for this purpose
at Tokyo in May and another with Mr. Jas. Cameron, the Canadian Commissioner
on the Committee, at Vancouver just before the Commission®s October meeting..

The research which is essential to the work of the Commission is
to be carried out mainly by the existing agencies of the three governments--.
Japan, United States and Canada, Canada‘s part of the program will be in
large part the responsibility of this Station. It is expected to include -
in 1955: (1) study of the anatomy and parasites of salmon in an attempt to
distinguish between salmon of Asien and North Americen origin and cooperation
in obtaining samples for similer studies by Japan and United States, (2) co-
operation in a tagging pr.sram to study movements of salmon and, in particu-
lar, an aettempt to discover and tag young salmon in the sea on their way
away from their river of origin, and (3) some expansion of high seas oceano-
graphic investigations.

Pacific Marine Fisheries Commission. This organization of the three
Pacific coast states attempts to co-ordinate research on fisheries subjects
. of common interest, some of which are.also of interest to Canada. The
Station was again represented by observers (Drs. Milne and Ketchen) at the
Commission®s meeting in December, 1954. Results of investigations were ex-
chenged, Cooperative research projects on troll-caught salmon and brill
had been arranged at earlier meetings of the Commission.
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British Columbia Natural Resources Conference. This body sponsered by
the government of British Columbia, reviews information and ideas bearing
on the full and proper use of the natural resources of the province. At
its Seventh meeting in February, 1954, in Victoria, Dr. Brett was convenor
of the Fisheries section and elected Vice-president of the organization for
the ensuing year; Dr. Tully and Mr. Stevenson contributed papers.

Canadian Committee for the Conservation of Migrating Salmonids. This
informal committee reviews findings and coodinates planning of research by
the International Pacific Salmon Commission, the British Columbia Game Com-
mission, the Department of Zoology of the University of British Columbia,
the Fish Culture Development Branch of the Department of Fisheries, and the
Station on problems of getting migrating salmon (especially downstream)
past obstructions. ' Dr. Brett was Chairman of the meeting in November, 1954,
and an important contributor.

Committee for Management of the Skeena River Salmon Fisheries. The ap-
pointment by.the Minister of TFisheries in late .October of A.J. Whitmore,
Chief Supervisor of Fisheries, and the Director as a committee to be re-
sponsible for the management of the Skeena River salmon fisheries in a
manner similar to that of the Fraser River sockeye salmon by the Interna-
tional Pacific Salmon Fisheries Commission will entail very close coopera-
tion between the Station and the Departmental services under Mr. Whitmore.
F.C. Withler has been selected to direct investigations for the Committee
and the services of other personnel will be provided as occasion demands.

PERSONNEL

The personnel and organization of the Station are presented in the
appended statements. As of Novémber 15 the Station had 82 full-time em-
ployees and one vacant position; the Pacific Oceanographic Group had 11 full-
time employees, one vacant position and 2 special employees for Western
Arctic Investigations.

There were. few changes in scientific personnel. Dr. J.L. Hart
left the Station late in July to take over directorship of the Atlantic ,
Biological Station and Dr. A.W.H. Needler replaced him at the end of August.
Dr. A.L. Tester, formerly in charge of the Station's investigation on her-
ring, but now with the University of Hawaii, returned to the Station for
about four months late in the year. A.J. Dodimead and Neil Campbell joined
the staff of the Pacific Oceanographic Group in the autumn. Educational
leave with helf pay was granted to R.W. Trites, for the academic years 1953~
54 and 1954-55 at the University of British Columbia. J.G. McDonald took
leave without pay for studies at the University of British Columbia for the
major part of the academic year 1954-55.

BUILDINGS, GROUNDS AND VESSELS

At the Station a 20-foot by 40-foot addition was made to the
Oceanographic Model Laboratory to house a model of Hecate Strait for study
of currents in that area; the road around the mein building has been hard-
surfaced; an additional fresh~water catch basin has been instelled to im-
prove the supply.

The M.V. Cancolim II (86 feet; 82 gross tons) was acquired from
the Defence Research Board free of cost. A thorough overhaul, at a cost of
about $10,000, will be completed early in January.
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The Nile Creek field station for salmon investigations has been
closed and movable equipment brought to the Station for use elsewhere.

VISITORS

Visitors to the Station during the year included Dr. Niino, Pro-
fessor of Oceanography and Submarine Geology, Tokyo University of Fisheries;
Mr, D, Ellis, Arctic Institute; Mr. Thor V. Gudjonsson, Commissioner of
Inland Fisheries of Iceland; Dr. G. Sprugel, Jr., National Science Founda-
tion, Washington, D.C.; Dr. Russel, National Museum, Ottewa; Dr. G.P. Wells,
University of London; Dr. W.L. Ford, Director of the Scientific Service of
the Cenadian. Navy; Prof. B, Watson, Queen's University; Dr. K.D. Carlander,
Iowa State University; Dr. W.A. Gosline, University of Hawaii; Ceptain 0.C.5.
Robertson of H.M.C.S. Labrador; Dr. D.C. Rose, National Research Council;
Dr. R, Fredin, Dr. L.A. Walford, and Mr. C. Atkingon, United States Fish and
Wildlife Service; Dr. W.F, Thompson, Fisheries Research Institute, Seattle,
Washington; Dr. Allaen DeLacy, University of Washington; Dr. M. Fujinage and
Mr, Y. Miyake of the Japenese Fisheries Agency, Mr. K. Kawakami, of the
Japanese Ministry of Foreigd Affairs and Mr. K. Taguehi, Nichiro Fishing Co.,
Japan; Mr., M, James and Dr.. M. Kasahara of the International North Pacific
Fisheries- Commission. Among those from the Canddian Fisheries Service were: ‘
Mr, Stewart Bates, Deptuy Minister of Fisheries; Dr. J.L. Kask, Dr. W.h. '
Clemens, Dr. C.W. Argue, Dr. W.A. Kennedy, Figheéries Research Board; and
Mr, A.J. Whitmore, Chief Supervisor of Fisheries. Members of the Chemical .
Institute of Canada visited the Station during the September meeting of the
Western Section. ‘

PUBLIC RELATIONS

Drs. Foerster and Ketchen addressed a public meeting in Prince
Rupert in December, 1953 at which time the salmon and gropndfish research
programs were discussed. Dr. Ketchen also spoke to a meeting of otter trawl
fishermen in Vancouver in Dacember. Fifty-three members of the Fishing
Industry and the Federal and Provincial Fisheries Departments and the Press
visited the Station in December, 1953, to hear prepared talks by the staff.
Several talks were given by staff members to local organizations in Nanaimo.
Dr. Hart spoke to the Fishermen®’s Cooperative Association in Prince Rupert
in March. About 350 people from Nanaimo and District attended the Station's
Open House on December 9, 1953, . ’

Tn September, 1954 several thousand people visited the -Station’s
exhibit on herring research at the Nenaimo Fall Fair. About 150 children
from local schools, with their teachers, visited the Statiom during the year
to learn about the Station’s work. ‘ . - '

Several talks by staff members were recorded for broadcast om the
daily C.B.C.%s Fisheries Broadcast.
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cooperation of the industry, both fishermen and fishing companies deserves
special mention. Lue ultimave purpose of tue Statiun’s work is to help
them; its effectiveness depends on them.
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Alderdice, D.F., J.R. Brett, D.R. Idler and U. Fagerlund. Further observa-
tions on olfactory perception in migrating adult coho and spring salmon--
' properties of the repellent in mammalian skin. Pacific Prog. Rept.,
NOe 989 PP. 10“12’ 19540 :

Barraclough, W.BE. Thé development of the dogfish fishery in British Columbia.
Proceedings of the 7¢h Pacific Science Congress, 1949, Vol. 4, ppe 513=
519, 1953,

Brill studies on the west coast. Western Fisheries, Vol. 47, No, 5,
Po 119 19540

A second inshore record of the bathypelagic viperfish Chauliodus
macouni from British Columbia., Copeia, No. 1, pp. 75=76, 1954,

Pecline in availability of brill on the west coast of Vancouver
Island as associated with a decline in recruitment. Pacific Prog. Rept.,
NOo 989 ppo 17“219 19540 ’

Barraclough, W.E., and M. Waldichuk., Offshore characteristics in the deep
waters of the Strait of Georgia as indicated by bathypelagic fish,
J. Pish, Res. Bd., Vol. 11, No. 5, pp. 501=506, 1954,

Berkeley, E. and C. Notes on the life-history of the polychaete Dodecaceria
fewkesi (mom. n.). J. Fish. Res. Bd:, Vol. 11, No. 3, pp. 326-334, 1954,
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older records. J. Fish. Res. Bd., Vol. 11, No. 4, pp. 454=471, 1954.

Brett, J.R. Behaviour studies in adult salmon. Western Fisheries, Vol. 47,
No. 4, pp. 12-13, '1954.

Brett, J.R., and D, MacKinnon. Preliminary experiments using lights and
bubbles to deflect migrating young spring salmon., J. Fish.-Res. Bd.,
Vol. 10, No. 8, pp. 548=559, 1953,

Some aspects of olfactory perception in migrating adult coho and
spring salmon. J. Fish. Res. Bd., Vol. 11, No. 3, pp. 310-318, 1954,

Brett, J.R., D. MacKinnon and D.F. Alderdice. Trough experiments on guiding
sockeye salmon fingerlings. Pacific Prog. Rept., No. 99, pp. 24-27, 1954,

Butler, T.H. Food of the commercial crab in the Queen Charlotte Islands
region., Pacific Prog. Rept., No. 99, pp. 3=5, 1954.

Chatwin, B.M. Age and size of chum salmon from the Johnstone Strait area.
Pacific Prog. Rept., No. 97, pp. 9-10; 1953.

Growth of young lingcod. Pacific Prog. Rept., No. 99, pp. 1l4a=117,
1954. ‘ —

Dambroski, E. The sizes of Babine Lake sockeye salmon smolt emigrants,
19501953, Pacific Prog. Rept., No. 99, pp. 30=34, 1954,
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Foerster, R.E. Fisheries research on the Canadian Pacific coast. Proceedings
of the 7th Pacific Science Congress, 1949, Vol. 4, pp. 413420, 1953,

On the relation of adult sockeye salmon (Oncorhynehus nerka) returns
to known smolt seaward migrations: J. Fish. Res., Bdo, Vol. 11, No., 4,

PPo. 339"’350 ? 1954 o

A study of the relative merits of natural amd artificial propagation
of sockeye salmon in British Columbja. The Progressive Fish-Culturist,
VOlo 169 ‘NOo 29 ppo 92"'93§ 19540 . N

Sockeye sa];non investigations in 1953. Western Fisheries, Vol. 47,
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Forrester, C.R. Tagging experiments on gray cod. Pacific Prog. Rept.,
NOo 999 ppa 28"299 19540

Foskett, D.R. Contributions to the life-history of the aockeye salmon (No, 38).
Report of the British Goll.mbia Fisheries Department ‘for 1952, pp. 33=56;

11953

Godfrey, H., W.R., Hourston, J.W. Stokes and F.C. Withler. Effects of a. rock
slide on’ Babine River salmons Bull. Fish. Res. Bd., No. 101, 100 pp., 1954,

Hart, Jo.L. The trawl fishery on the Pac:lfic coast of Canmada. Prooeeaings of
the 7Tth Pacific Science ‘Congress, 1949, Vol. 4, pp. 425-427, 1953,

Herlinveaux,, R.H. Surface tidal currents in Juan de Fuca Sgtrait. J. Fish,
Reso Bd., Volo 11, No. 1, pp. 14=31, 1954. ' '

Hoar, W.S. The behaviour of juvenile Pacific salmon, with parbicular
reference to the sockeye (Oncorhynchus nerka). J. Fish. Res. Bd.,
Volo 11, No. 1, pp. 69=97, 1954, = o

Hollister, H.J. What was the temperature of the sea water on the British
Columbia coast in 1952%? Paoiric Prog. Rept., No. 98, pp. 6=9, 1954,

Hourston, A.S. The spawning population of herring in northern British
Columbia in 1952, Pacific Prog. Rept., No. 97, pp. 21=26, 1953,

Young herring lead a precarious life. Western Fisheries, Vol. 49,
No. 1, p. 44, 1954,

Huntez?s..J .Go. A weir for adult and fry salmon effective under conditions of
extremely variable run-off. Canadian Fish Culturist, No. 16, pp. 27=33,
1954, '

Pink and chum salmon studies during 1953: Studies at Port John.
Western Fisheries, Vol; 47, No, 6, pp. 19=20, 1954.

Ketchen, K.3. The use of catch-effort and tagging data in estimating a flat-
fish population. J. Fish. Res. Bd., Vol. 10, No. 8, pp.: 459-485, 1953,

The rockfish Sebastodes rubrivinctus in British Columbia waters.
J. FPish. Resa; Bd., Vol. 11, No. 3, PP 335-338, 1954,
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Groundfish investigations in 195,% Western Fisheriea, Vol. 47,
No. 5, pPpP. I.Omlil.,> 19540 '

Mackay, B.S3, Tidal current observatione 1n Hecate Strait, Jo Fish, Res. Bd.,
v°1° 119 NOo lp ppo 48“56 195‘0 : .

MacKinnon, D., and W.8. Hoar, Responses of coho and chum salmon fry to
current ; J Fish Rea., Bd..,9 Vol 10,, Noo-B, PPo 523-538 1953,

McMahon, V.H. The abundance and distribution of antomostraoan plankton at
Lakelse lake, B.C., 1949-1952. J. Fish. Res. Bd., Vol. 11, No. 4,
PP. 479=499, 1954, o :

Manger, J.I, Observations on the gray whale.. Journal of Memmalogy, Vol. 35,
No. 3, pp. 444=445, 1954,

Pink and chum salmon studiés during 1953: Johnstone Strait tegging.
Western Fisheries, Vol. 47, No. 6, pp. 21, 64, 1954,

Margolis, L. List of the paresites recorded from sea mammals -caught off the
west coast of North America. J. Fish., Res. Bd.; Vol. 1ll, No:. 3,
pp. 267-283, 1954<,
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No. 3, pp- 319»325, 19545 : 7 o ‘ -

Delph:lnapterus loucaeg a new host record for the whale=louse,
Paracymus nodosus (Litken) . Journal of Parasitology, Vol. 40, No. 3,
Po 365, 1954,

Ulcer disease and furummloais in a Quebec trout hatvohery.
Canadian Fish culturist,, No. 15, PPo :L6-1'I° 1954

Parasites, fish end man. The Canadian Nurse, Vol. 50, N°o 7
PPo 556=-560, 1954°

Mead, G.W., and F.H.C. Taylorc A sollection of oceanic fishes from off north-
eastern Japano J. Fish, Res. Bdo Vol., 10, No. ‘8. pr. 560=582, 1953,

Milng, D.J. Troll salmon inveatigation in 1955e Western Fisheries,
Vol, 47, No. 4, ppo 9=»J.09 1954o

Neave, F. Introduction of’ anadromous fishea on the Pacific coast. Oanadian
Fish Culturist, I*Io° 16, pp. 25-26 19540

Pink and chum salmon studies during 1953. Introduction and SUMMATY o
Western Fisheriess VOlo 47, No., 6, ppo 18-19, 1954°

Neave, P., and W.P. mckett. Factora arfaoting ‘the freahwa.ter development
of Pacific salmon in British Coluiibia. Procesdings of the 7th Pacifio
Sgience Congress, 1949, Vol. 4, pp. 548-556, 1953,
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Pickard, G.L., Oceanography of British Columbia mainland inlets.
I1. Currents. Pacific Prog. Rept., No. 97, pp. 12-13, 1953.

Oceanography of British Columbia mainland inlets. III; Internal
waves., Pacific Prog. Rept., No. 98, pp. 13=16;, 1954,
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SOCKEYE SALMON = R.EB, Foerster

The principle governing much of the research conducted by the Sock-
eye Salmon Investigetion is that the return of adults to the commercial
fishery and the spawning grounds is largely dependent on the output of sea-
ward-migrating young {smolts) from the nursery areas. The aim of the various
research projects is to determine the factors controlling the production of
smolts resulting from known depositions of eggs and to relate the output of
smolts to the return of adult fish.

To achieve this aim, studies are being conducted on the freshwater
production of sockeye in three areas--at Babine and Lakelse Lakes in the
Skeena River drainage and at Port John in the central coast regiono In
addition to these projects, annual examinations of the sockeye catches are
carried out on the Skeena River and Nass River, and at Rivers Inlet and
Emith Inlet fishing areas.

At Babine Lake, the principal sockeye-producing areg of the Skeena
River, annual asssssments are made of adult runs and the resultant amolt
seaward migrations. The progrem is providing criticel information on the
influenge of different-sized egg depositions on the production of smolts.
Due to serioue reductions in the escapements of 1951 and 1952, resulting
from the Babine rock slide, and to en unusually heavy escapement in 1953, a
wide renge of poten{ial depositions has been observed. These data, extended
by subsequent observations, will provide information in three ways. Firstly,
they will indicate whether or not production of emolts in Babine is being
limited by the freshwater enviromment and, if so, will provide a basis for
establishing the maximum deposition required for the optimum smolt output.
Secondly, the premise that the magnitude and comp031tion of adult runs is
determined by the abundance, size and age of emolts can be appraised. These
studies may provide procedures for predicting the total adult returns from

.known spawnings. Thirdly, the present annual assessments provide the regu-

latory branch of the Department of Fisheries with information on the condi-
tion of the important Babine runs and their relative reproductive success.
This service was invaluable in the study of the effects of the Babine rock

Studises on the survival of fry at Six Mile Oreek wers terminated
this year. The extreme climatic difficulties involved in gaining relisable
information made continued operation unprofitable. However, the information
collected in the past will be useful for comparison with date on fry pro-
duction in other areas. The facilities of the S8ix Mile camp are being main—
tained for possible experimental studies in the future.

At Lakelse Lake date similar to thos¢ collected at Babine on popu-
lation changes are being interpreted in teyms of the physical and organic
enviromment. The objective of the lakelse, researches are to determine and
measure the factors which control and 1imit production of the sockeye, from
egg to smolt. Their usefulness will be in development of procedures for
augmenting or rehabilitating natural stocks, and maintaining stocks 1n en=
vironments that have been altered through industrial expansion. To this end,
counting fences and reliable estimating techniques have been developed to
enumerate and sample the adult run to the lake, the adults reaching the
spawning streams, the resultant fry, and the smolts leaving the lake. GCon-
current with enumeration, continuous records of the chapging environment
are made. In the last two years the program has involved the development
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and agsessment of standard techniques. Usipg the routine program as a basis,
three types of research projects have been initiated. Firstly, using in-
formation from the routine program, correlations are being sought between
the reproductive success of the sockeye in different years and various en-
vironmental factors. Secondly, short-term fundamental studies are being
conducted on some phases of the life-history of the sockeye. For example,
studies of the effects of plankton distribution and density on the growth
and abundance of lacustrine sockeye are under way. Thirdly, projects in-
volving manipulation of envirommental conditions followed by assessment of
the results of the change on the sockeye are planned. An important study

of this kind will be a fish removal program, for which the collection of one mOTe
year's control data must be obtained.

At Port John, a small watershed in the central coastal region, sock-
eye enumerations similar to those described for Lakelse Lake are being car-
ried out. The total numbers of sockeye produced in the area are small, but
the everage rate of survival (from egg to smolt) is higher than that observed
in other areas. Comparisons of sockeye-producing caepacity and general ec-
ology in different areas will provide some significant correlations between
environment and sockeye production. Such comparative studies are long-term;
syntheses of data from a wide range of salmon-producing lakes in North
America will be necessary.

Tor many years, the sockeye catches of the central and northern re-
gions--Nass River, Skeena River, Rivers Inlet, Smith Inlet--~have been sampled
to determine the average size of fish and the age composition of the runs.
These data are essential for characterising that segment of the adult salmon
population taken by the fisheries and relating production to appropriate
brood years, since there are two or more age-groups prominently involved.

The need for providing a closer link between freshwater studies and
information derived from the fishery has been recognized. This year critical
studies of the Skeena sampling program were undertaken, and past Skeena catch
and escapement data were examined to determine trends in the catch and some
of the changes which the fishery makes on the composition of the runs return-
ing from the sea.

As a special project, members of the staff have participated in the
preparation of the second report on the effects of the rock slide on the
adult run to Babine Lake,

THE SKEENA FISHERY H. Godfrey

.During the past summer a large volume of data relating to. Skeena
gockeye catches and escapements was analysed for the purpose of obtaining
useful information on the Skeena sockeye fishery and its relationship to the
production of Skeena sockeye salmon., This was combined with a personal

femiliarization with the fishery and the lower part of the river system.
Much of the results, however informative, is not suitable for pre-

sentation here, but the topics that are discussed are considered more com-
plete than others, or at least as complete as the available data and form
of analysis will allow,

A, Comparison of catch and escapement.

A gill-net fishery not only removes individuals from the runs of
returning adults, but it also chenges the size, sex, and age-class com-
position of the runs. This is because the nets are selective for sizes,

"
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and because there are significant differences between the sizes of fish of
different sex and of different age.

Because of changes in the size of the fish as they migrate up the
rivers after having passed through the fishery, it is usually impossible to
compare directly the kinds of fish taken by the fishery and the kinds of fish
in the escapement., Such comparisons can be made, however, using fish tagged
before they enter the fishery, if their lengths are recorded when they are
tagged.

In 1947 and 1948 a large number of sockeye salmon were captured by
seine off the mouth of the Skeena River, end were measured and tagged. Re-
coveries were made from the catch and from the escapement, for which com-
parisons are shown in Figure 1. In both years the sizes of fish tagged were
very similar to the sizes among the combined recoveries (catch and escapement).
It cen be said, thererore, that the recoveries were sufficiently representa-
tive of the tagged population. There were important differences between the
size distributions of recaptures in the escapement, and the recaptures in the
commercial catch., In both yeasrs recoveries in the commercial catch contained
relatively more larger fish, and fewer smaller fish. Since the bi-modality
of the curves beyond 17 inches (meximum length of 7 jacks" or 3-year males)
indicates the two major age-classes (4- and S5-year-old fish), it is also evi-
dent that more 4-year-old fish escaped than S5-year-old fish. Since, also,
males were larger than females (within each age~clags), then relatively more
females must have escaped than males. This last is an interesting conclusion,
since both in the coumercial catches and in the escapements (at least the
large Babine escapement) there were relatively more females than males among
4- and 5-year-old fish, so that the runs that returned from the sea must
have had considerably higher proportions of femeles then of males. The pro-
duction of the male "jack® salmon is undoubtedly related to this phenomenon.

B. The trend of the Skeena catch.

Changes in the production of Skeena sockeye could be understood
better if it were possible to estimate the numbers of adults of different
ages in the escapements as well as in the catch. However, escapements have
not. been so described, so that only the catches (which were sampled for age
‘determinations) can be used to obtain some approximate indications of trends
or changes. The catches of 4- and 5-year-old Skeena sockeye from the same
brood stock, in the years 1910 to 1952, are shown in Figure 2, with accompany-
ing regression lines. In the period 1911 to 1933 the catch of the combined
4'g (year n) and 5's (year n + 1) declined (b = -1.63); during the subsequent
period (1933-52) they gradually increased (b = +1.22). The decline in the
earlier period is associsted with a decrease in the average catch of 5-year-
old fish (b = =1.75), rather than of 4-year-old fish (b= -0.178). The aver-
age gain in the later period is associated with an increase in the average
catch of 5's (b = +1.16), rather than of 4's (b = -0.008).

An interesting feature of this analysis occurs in the tendency dur-
ing the early period (1910-25) for a 5-year cycle in the combined catch of
4- and S5-year-old fish from the same brood stock, which was related to an
apparent S5-year cycle among the 5-year-old fish. Because of the varying pro-
duction of 4- and S5-year-old fish in the Skeena, it could not be expected
that either 4- or 5-year cycles would persist for long; nor did they do so,
at least on the basis of the catch data. The epperent 4-year cycle in the
combined catch in the later period (during which time, as already noted, the
average catch of 4°s remained relatively constant) should not persist if, as
stated above, the average catch of 5~year-old fish is increasing. An




Ley u I l l T I T

,‘m Combinad recoveries

%'/ \ (56‘1’

N\ Cdich recoveries
(503)

/0 »
Escapemen’ recoveries ’
ﬁ 'z.p'/

(139) ,

0 | semsean —we oo cxoc oo
/94!- 7
Pid x\\ C O ‘/ﬂ a
/o 'Y \ recoverses
Jagged (23/7) fss, €77%)
o
1957
Cdlch recoverses
(#43)
/0 f;:@éemen/’“ FECOVErI@S
797\
' "K~- ~W ’x
' < A
’ o
0 Dacreedi] - A —
/3 /9 2/ FX 25 27

Fig. 1. Comparisons of the percentages of tagged sockeye ‘belonging to different half-
ineh length classes among the tagged samples, the commercial catch recovery
samples, and the escapement semples, 1947 and 1948,



oF

—loor
[
0oy

0sb7

OZ‘

£Z,

Ofy¢

S£E€¢

o,

=z

2

b/

-

ML

C9d- =

T

k2
N

5F P

¥0o-0 - :.7 |
o ' TS pue

Fig. 2.

Trends in the catch of Skeena River sockeye of two age-classes of the
same brood stock, 1912=1953.



ofe SOCKEYE SALMON

indication of a relationship between 4- and 5-year-old fish is discussed
in the following section.

C. Size of catch and age camposition.

One of the more perplexing problems of Skeena sockeye population
is that of their age-class composition, and the relationship between age
and survival to adult return. Skeena sockeye runs have at leact four age-
groups, but the two that meke up 90% of the runs are the 43 and 5y fish.
Beceuse information is not available on the age composition of the escape-
ment, it is diffiocult, and perhaps impossible, to demonstrate the true re-
lationship between the production of 4-year-old figh and production of 5-
year-old fish. Nevertheless, the attempt has been made, through exemining
the catch statistics, to determine whether there is a relationship between
the megnitude of the catch and the proportions of the two age-clagses.

The catch will, of course, be that of. the. seme brood stock.

The relationship between the catch of 5°s and the catch of 4%g
plus 5%s is highly significant {r = $0.85 5_0004)° This, of course, is
expected, since the combined catch included large numbers of the other
variate (5°s). The interesting point is that the fitted linear regression
line (b = +1.304) indicates that as the combined catch increases, the pro-
portions of 5°s inorease; in other words, that larger catches are usually
associated with more 5°s than 4's {emd small cetches with more 4%g than 5's).
However, when the percentages of 5's are plotted ageinst the combined catch
of the common brood stock, the linear relationship is seen to be less valid:
the points are scattered, eslthough, still, with the largest catches, there
are moTe 5's than 4°'s. Now the average catch of 4's (1908-52) was 36.1
(thousands of cases), with a standard deviation of 21.7 + 3.4; and that of
5's, 34.4, and 25.6 + 4.0. The similarity of the means results from the
fact that most catches were medium-sized, when the proportions of 5%s and
4's were fairly similar. It is therefore suggested that the situation in
respect to the catches of 4s and 5°s of common brood stock is probably as
follows: (1) that with most catches the proportions of 4's and 5's fluctuate
about a common mean - that is, that with an average catch they tend to be
fairly equal; (2) the occasional large catches have a greater proportion of
5'g than of 4's. This situation could reflect the phenomena of cyelic trends
among the two age-classes. In a preceding gsection it was said that the de-
clins in the earlier period of the Skeena catches was agsociated with a de-
cline in the average catch of 5°s rather than of 4"s; and that the increase
in the average catch during the latter period was agsociated with an increase
in the average catch of 5's and not of 4's.

The catches of Rivers Inlét sockeye have also been examined to com-
pare their variability with that of the Skeena catches. Here the picture is
a little more definite (perhaps reflecting the greater homogeneity of that
population, since it involves only one major spawning area as compared with
several in the Skeena system). There seems to be a definite increase in the
percentage of 5°s as the combined catches of 4's and 5's increased. Further-
more, the catch of 5°s showed much greater variability then that of 4%g, hav-
ing a mean and standard deviation of 43.6 and 34.8 + 5.5, respectively, as
compared with 4's, 36.5, and 18.7 + 3.0, This again resulted from the fact
that the less frequent, very large catches consisted mostly of S5-year-old fish.

The analysis must remain incomplete until it is possible to include
the age compesition of the escapement with that of the catch. If that can be
done, and the relatiumship between the two age-classes determined, the factors
affecting adilt return will be better understood.

{»
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D. Seasonal trends in sex ratios.

The sex ratios of the Skeena sockeye catch for the past 30 years
(as determined by sampling) have been analysed to obtain a better under-
standing of the characteristics of the Skeena runs. There have been occas-
ions when it has been considered that the preponderance of certain sexes
or sizes early in the season might be indicative of the kind of run that
would follow. The catch consists mostly (about 90%) of the 4 and 5g age-
classes, and the proportions of these two groups have varied greatly from
year to year. The seasonal changes in sex ratios have been determined for
each of the two age-classes separately; and only the recent years, 1940 to
1953, will be referred to at this time.

Among the S5y fish the final proportlon of females has always been
greater than that of males, roughly 65:35%, on the average. Early in the

run the proportion of femasles has usually been a little greater than, or at
least equal to, the proportion of males; after that the proportions of feo-
males have increased fairly steadily throughnout the season.

In the case of the 4y fish the situation 18 wo.. varied. In the
total catches females have usually exceeded males, but less so than among
the 5's. In a few instances males have either slightly exceeded, or have
been equal to, females. 'In most years the runs have started off with an
excess of males, and as they have progressed the proportions of females
have increased. In a few cases there was no definite trend, but merely
variation during the season.

E. Comparative sampling of sockeye catch.

In past years the Skeena sockeye catch has been sampled at one
cannery. To determine whether this was sufficient to provide a representa-
tive sample of the whole Skeena catch it would be necessary to make com=-
parisons with other canneries. This would be particularly necessary, if,
as does happen in the Skeena fishery, the effort of different companies is
concentrated in different parts of the fishing area., Skeena River, Area 4,
is separated by imaginary lines from Area 3 (Nass River) and Area 5 (Banks
Island). Some companies expend most of their fishing effort in the outer
waters of the area (whers intermingling of Skeena fish with other popu-
lations is known to occur), while other keep there fleets closer to the
river mouth boundary.

To obtain an idea of the effort needed, and of the kind of infor-
mation that could be gained by comparative sampling, sampling was carried
out simultaneously (esrly in the season) at three canneries.

The analysis has not been completed, but a preliminary examination
shows that although there were differences between the samples, they were
not very great, and cannot be taken as definitely indicative of different
populations having been fished. This does not mean thet the same popula-
tion was being fished. Frequently different salmon populations, or geo-
graphic races, show only insignificant size differences; and, furthermore,
it could happen that the returning adults were similar in their sex ratios
and sge-class composition. Indirect evidence, such as the distribution of
the Skeena fleet, and observed differences in the quality and the flesh
colour of the fish caught, does suggest that if any proposed program calls
for a thorough sampling of the Skeena catch, comparative sempling at the
several canneries will be necessary to determine the best procedure.
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A summary of the comparative data is presented: (all figures are
percentages)

Sex Ratios
M F Total sample-numbers
North Pacific 46.4 55.6 557
Oceanside 46.5 53.5 . 348
Sunnyside 46.0 54,0 346

Age~classes

42 . 52 55 65
North Pacific 39,7 43.2 13.0 4.1
Oceanside 37.9 43.7 ~ 15.2 3.2
4.6

Sunnyside 34.1 50.6 10,7

e 42 52
North Pacific 47,9 52 .1
Oceanside 46,5 53.5
Sunnyside 40.3 ' 59,7

Mean lengths and weights of 45°'s

North Pacific QOceanside Sunnyside

M ¥ M ¥ M F
Length - inches 22.4 22,5 23.0 22.8 R3.3 22,9
weigh‘b - pounda 500 409 505 5@5 504 5.2

Mean lengths and weights of 53's

h Pacific Oc id S sid,
gert % " eans g M,unny %
Length -~ inches™ 26.4 25,0 26.4 25,1 R26.4 24 .8
Weight - pounds 8.4 7.0 8.3 7.1 8.0 6.5
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BABINE LAKE F. C. Withler

Babine lake investigetions are concerned largely with gross assess-
ment of the sockeye population of the watershed. The lake’s large size and
numerous spawning areas preclude intensive study of all its spawning areas
with the result that most effort is directed toward evaluating the relation-
ship between the size and composition of the runs of adult sockeye to the
lake and the resultant smolt outputs.

From 1946 to 1948 the Babine counting fence demonstrated the mag-
nitude of the Babine run as part of the program to eveluate the relative
sizes of spawning stocks of the Skeena watershed. Since then the operation
has been maintained to provide the background necessary to study the re-
lation of stock to smolt outputs In 1951 and 1952 the fence data supplied
valueble information on the effects of the Babine River slide and provided
a gauge of success of corrective measures instituted by the Department of
Fisheries. Other salmon species passing the fence are enumerated and all
information on the size of escapements are made available to the Department.

The attempt to estimate the size of the Babine smolt run in 1951
without constructing a standard counting weir proved sufficiently successful
to employ the method fo. obtaining annual estimates of smolt output. The
disastrous effects of the Babine River rock slide on the spavning runs of
1951 and 1952 provided otherwise unobtainably small potential egg depositions
to illustrate the stock-to-output relatiomship over a wide renge of stock
intensity . Smolt production figures for 1953 and 1954 have illustrated the
effect of the slide on smolt production. Extensive examinetions of smolts
taken during the runs demonstraute the effect on smolt size, as well as
smolt numbers, of various stock intensities.

Fry survival studies at Six Mile Creek were suspended in the summer
of 1954 in the face of difficult operation and a disproportionate drain of
effort by the physical conditions attending travel and operation. The es-
timate of the fry run for 1954 provides a second survivel figure for the
stream. Studies of predation on fry, the loss between egg and fry, the be-
haviour of the spawning run and the physical conditions attending the adults
and young in the stream were carried out in conjunction with the main ob-
jective of providing survival figures.

Where possible, in conjunction with the main work of population
assessment, special studies of conditions which are unique to the Babine
Lake population or to the watershed are undertaken. Hence considerable
effort has been expended to follow up the consequences of the Babine River
rock slide; waterfowl predation on young salmon in the strategic Fort Babine
area has been examined; and the behaviour of salmon at the counting fence
has been investigated. Wherever possible, local studies on spawning be-
haviour and conditions in the area are pursued in close cooperation with
Department of Fisheries personnel.

A. Adult studies . F. C., Withler and K. V. Aro

Following the construction of the Babine River adult counting fence
in 1946 the runs of sockeye salmon to the Babine Lake watershed have been
enumerated annually, except in 1948 when floods damaged the structure. The
size of the 1948 run was estimated by observetions on the spawning grounds,
Since the initial discovery that the runs to the Babine watershed constitute
about 70% of the Skeensa escapement the fence count has been accepted as the
best single measure of the sockeye escapement to the Skeena River., The data



=10= SOCKEYE SALMON

from the weir have teken on further importance since 1951 when the blockage
on the Babine River occurred.

The 1954 adult count, herein reported, is important not only be-
because the run was the second to pass the site of the former blockage but
also because the run was the first to return which contained issue of the
sockeye which surmounted the slide. These returning sockeye which are a
part of the 1951 brood left the lake as yearlings in the spring of 1953 and
returned in 1954 as "jacks™ or 3-year-olds after spending one yeer in the sea.

Extensive sampling is carried out on sockeye passing the fence be-
cause mere enumeration of the run may give a false picture of the runs’ spawn-
ing potential. It is possible now to estimate within very narrow limits the
number of sockeye eggs potentially available for deposition in the Babine area.
These spawning potentials have been shown to vary more widely than the size
of annual runs.

Although spring, pink, coho, and chum salmon do not spawn exclusively
above the fence, these species are counted each year to provide indices of the
gizes of those runs to the river. Many fish of these species were also the
progency of fish in runs which had been affected by the Babine slide.

1. Salmon enumeration at the Babine fence in 1954.

The Babine fence was operated from the time the panels were installed
on July 22 until they were removed on October 4. Installation of the panels
was delayed beyond the usual time because of the possible detrimental effect
v, w0 high water conditions on some of the underwater portions of the fence.
The counts of the five species of salmon which passed through the weir during
the period of operation in 1954 are compared in the following table with counts
obtained in other years.

Year Sockeye Percentage Spring Pink Coho Chum
# jack™ sockeye

1946 475,705 12.2 10,528 28,161 12,489 18
1947 522,561 50.0 15,614 55,421 10,252 7
1948 560, 0008

1949 509,132 9.4 7,433 13,663 11,938 S5
1950 543,658 33.0 6,838 38,728 11,654 7
1951 152,457 7.2 2,778 50 2,122 0
1952 376,947 7.4 5,915 2,706 10,554 1l
1953 714,614 3.9 8,353 1,018 7,648 17
1954 503,422 1.9 5,925 4,604 3,094 66

£ Estimated from comparison with stream survey counts and fence counts of
previous years.

The 1954 counts are of interest in that many of the salmon were the
progeny fish which were affected by the Babine River rock slide in 1951 and
1952.

The count of sockeye salmon in 1954 was comparable to those in non-
slide years. The count of 144 sockeye on July 23, the first day of operation,
and the fact that a few sockeye had been caught a few days earlier in the Ind-
ian fishery above the fence indicete that a number of sockeye had passed before
the panels were installed. However, these numbers were so small as to be of no
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significance. After July 23 the run increased to form a characteristic
early peak of 15,119 sockeye on July 29, declined to a low of 1,455 sockeye
on August 10, and rose again, first slowly and then very rapidly, to farm
the main pesk of 38,755 sockeye on September 1. This peak occurred later
than in any other non-slide year with the exception of 1949 when it occurred
on September 2. The count on the peak day was 6,000 in excess of the count
on the largest peak in previous years. The lateness and large size of the
peak suggest that these fish passed through the estuary of the Skeena River
during the week-ends when special closures were in effect (July 31 to August
2 and August 6 to August 8) and/or during the week (August 9 to August 14)
when tne fishery was closed owing to a tendermen’s strike. Following the
peak the run fell rapidly until October 3 when only l4 sockeye passed the
fence.

Spring salmon passed the fence in slightly lesser numbers than in

' other non-slide years. ' The lower numbers of springs may be due in part to

low returns of 2- and 3-year-old fish which were the progeny of the runs
affected by the Babine slide in 1951 and 1952. Since spring salmon spawn

. below. as well as above the fence the count is only an index of the run to

the Babine River.

The run of pink salmon was higher than in the cycle year 1952, when
the pink run was reduced to a low level by the slide, but was much lower than
in the earlier cycle years. As with springs, some pinks spawn below the
fence.

Coho salmon appeared in lower numbers than in other non-slide years
but somewhat in excess of the number in the slide-affected cycle year 1951,

The chum salmon run was many times greater than that of any previous
year but was still too low to be of any significance.

2. Sockeye sampling at the Babine fencs. K.V. Aro

To obtain details on the size and sex ratio of Babine sockeye,
samples amounting to 1% of the previous half day’s count were measured and
sexed throughout the period of the run. In addition a ®jack count™ was
made for an hour daily, in which the numbers of jacks (3-year males) and
larger sockeye were noted. The proportion of normal;, injured, and net-marked

individuals among the large sockeye were also recorded.

. The jack count, which represented 16.8% of the total sockeye count,
showed that 1.9% of the run were jacks. These jacks are the first of the
progeny of those fish which spawned in the slide year of 1951 to return from
the sea. The percentage and the calculated number of jacks is the lowest
which has been recorded since Babine fence operations begen. The jeck count
also showed that among the larger sockeye 8.2% had net marks, 2.5% were in-
jured, and 89.3% were normal. The percentage of injured fish was lower than
in any previous year whilst that of fish with net marks was slightly less
than average.

The 1% proportionate sample showed that 39.7% of the large sockeye
were males and 60.3% were females. The average sizes of the jacks, larger
males, and females were 38.3, 66.6, and 63.0 centimetres respectively. Both
the larger males and the females were several centimetres larger than usual.

No egg samples were taken in 1954. Instead a probable egg content
of 3,555 was calculated fram the regression formula of the number of eggs on
length calculated from egg samples of other years. The potential egg de-
position is, then, the product of the probable egg content and the calculated
number of females (297,574) or about 1,058,000,000., This seeding has only
been exceeded by that of 1953 and is due to the lerge number of females and
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to the larger number of eggs which they contained.

Dead spawners drifting egainst the Babine fence were examined to
determine the success of sockeye spawning in the Lower Babine River. On
October 3 over 90% of the female and almost 100% of the male dead showed
signs of having spawned successfully.

3. Hourly fluctuations in the daily movement of
sockeye through the Babine fence. F.C, Withler and K.V, Aro

20

Aug 8-=11 |

To determine the
preferred hours of ascent
through the counting fence
10 sockeye were counted twenty-
four hours daily for several
consecutive days at three
different times in the sea-
son. Oounts were recorded
every. two hours on the odd
hour (Daylight time) for
these periods. The percent-
ages of the daily runs which
passed in the two hours
straddling the even hour are
shown on the accompanying
graph. Almost the entire
daily run passed the fence
in daylight hours between
dawn and dusk. The daily
peak occurred before or at
) noon, sometimes with a
0 gecondary peak in the after-
, noon. The study also showed
Sep 13-15 | i} .t about 90% of the daily
run passed the fence in the
usual hours (7:00 A.M. to
7:00 P.M,) of fence opera-

3 tions.
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at the Babine fence.
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4, Reports on the Babine River rock slide. H. Godfrey

A report on the effects of the rock slide in the Babine River on
the salmon runs of 1951 and 1952 has been published &s Bulletin No. 101, of
the Fisheries Research Board of Canada. The Slide was removed during the
winter of 1952-53. Subsequent to its removal investigations were conducted
during 1953 to make certain that the cleared channel no longer obstructed
migrating fish, and also to compare the spawning of an unblocked rumn with
affected runs of 1951 and 1952, The results of these researches have been
described in a second report, which has also been submitted for publication
in the Bulletin series.

The effects of the Slide, and the situation since its removal may
be summarized briefly:

Sockeye salmon., An estimated two-thirds of the 1951 run, amounting
to about 300,000 fish, was lost et the Slide. There were further losses in
fish that died unspawned on the spawning grounds. These were not estnmated,
but were less severe than in the following year.

In 1952, again about two~thirds of the large run perished at the
Slide--an estimated 700,000 fish., Because of extremely adverse water con-
ditions, there was almost complete bloekage of the early part of the run,
Efforts to maintain marginal escape channels were successful in aiding the
escape of a large number of fish that otherwise would have perished. Losses
in unspawned fish in the Babine streams were serious. It was estimated that
only 30-42% of the femaules that reached Babine Lake spswned successfully;
and that these amounted to only 7-10% of the Babine females that had escaped
the fishery. In comparison with former yeers, the spawning of 1952 was only
22-31% of "normal®.

In 1953, approximately 90% of fish tagged below the former point of
obstruction reached the Babine fence without delay. The large run at the
fence was in excellent condition, in respect to both injuries and sexual
maturity. An estimsted 95% of the females spawned successfully and there
were no indications of any abnormal losses in unspawned fish.

Resiliency of reduced spawning stocks has been demonstrated. The
survival to smolts from the potential number of eggs available has been
0.48%, 0.77%, 1.52% and 0.68%, for the seedings of 1949 to 1952, respect-
ively. The production rate for 1952, based upon the probable number of eggs
deposited (which allowed for the loss in unspawned females), was l.48=2.0

The actual (estimated) numbers of smolts produced in 1953 and 1954
from the two slide years were 3.0 and 2.8 millions, as compared with 4.2 and
4.5 millions in 1951 and 1952, The adult returns of Babine sockeye will
therefore probably be lower than average. There may be some compensation in
better survival due to larger smolts produced in 1953 and 1954; the magnitude
of the total Skeena return will also depend upon the success of spawning in
the Slide years in the rest of the Skeena system.

Pink salmon. Pink .seélmon also suffered very heavy losses at the
Slide, but numerical estimates could not be made. Rehabilitation of Babine
pink runs is expected to come early from spaewning that normaelly occurs below
the Slide, and also from survivors of the block that may have spawned success-
fully above angd below it.

Based upon the results of the 1953 tagging, it was estimated that
roughly a third of the total Skeena escapement of pinks was affected by the
Slide.,

Coho salmon. In 1952, coho salmon experienced relatively fewer
losses at the Slide because they arrived there later after conditions had
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improved., Cohos also spawn in the main river and tributaries, so that some
gsurvivors that did not reach the fence may nevertheless have spawned success-
fully.

Using results of the 1953 tagging, it was estimated that about a
sixth of the total Skeena coho escapements were affected by the Slide.

Spring and chum salmon, The run of springs at the fence in 1952
was about one-half of the average of pre-slide years. Since spring salmon
also spawn in the Babine River end its tributaries, survivors of the block
mey also have done SO successfully.

; The chum run at the fence has always been small, averaging 8 fish
for 1946 to 1953. The run of 1954, of 66 fish, has been the largest of the
years the fence has operated.

Geperal., With all species, female galmon suffered heavier losses
due to the blockage than males, injured more than uninjured, and meture fish
more than fresher fish. Delay at the Slide resulted in fish maturing in the
river before they reached the spawning grounds, and this is believed to have
contributed greatly to the losses in fish that died in streams without having
spawned .

The authors of Bulletin No. 10l were H. Godfrey, W.R. Hourston,

J JW. Stokes, and F.C. Withler; those of the second report were H. Godfrey,
W.R. Hourston and F.C. Withler.

B, Smolt studies. F.C., Withler

To circumvent the time- and effort-consuming task of constructing
a smolt counting fence in the Babine River, an atieupt was maas 1u 1951 Lo
estimate the size of the sockeye smolt emigration from the Babine watershed
by marking and recovery technique employing structures evailable at that
time, i.e., the old Fort Babine marking trap and the Babine fence. The mea-
sure of success achieved encouraged development of more efficient trapping
devices and their operation each year gince., Using estimates from Babine
fence data of potential egg depositions in the Babine watershed from 1949 to
1952, it has been possible to calculate survival to smolt stage from eggs
carried into the system each year. These survivals have ranged from 0.48%
to 1.57% - low when compared to egg-to-smolt survival figures for other areas.
The Babine River rock slide of 195152 reduced escapements to far below
normal, providing smaller egg depositions than could otherwise be achieved.
Conversely, the estimates of smolts resulting from the blocked runs were
valuable in assessing the finsl effects of the slide on the population. For
instance, the smolt run for 1954, reported herein, was the product of the
spawners of 1952 which were severely demaged and delayed as well as reduced
in number. The 1955 run will result from a deposition of 1.3 billion eggs,
the largest recorded since fence operation.

To complement the information on numbers in each run, samples of
smolts are taken to give the relationship between size of run and size of
smolt. To date, the relationship at Babine appears to be inverse. Sup-
plementary informetion on SeX ratio end parasitism has been obtained.

A1l Babine sockeye smolts pass through & short river into Nilkitkwa
Lake, thence into the Lower Babine River. The possibility of exceptional

bird predation on fry and smolts in this region has been investigated by the
collection end examination of waterfowl in 1953 and 1954. '
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l. Estimation of size of runs F.C. Withler and K.V, Aro
from 1951 to 1954,

Employing the technique used from 1951 to 1953 to obtain an estimate
of the size of the Babine smolt run, the 1954 smolt run was estimated to be
2.8 million, the lowest recorded in four years of operation. The technique
involves the capture and marking of portions of the sockeys smolt run as it
passes the outlet of Babine Lake, and subsequent examination of large samples
of the run at the outlet of Nilkitkwa Lake, some eight miles downstream from
the Fort Babine trapping device. Ratios of marked to unmarked smolts in the
samples are used to estimate the size of the run which passed the upstream
trapping structure.

Total nunmbers of smolts marked and released annually, the total
samples recovered, and total marked fish found therein are given in the
following teble. Final estimates of the run for each year have been ad justed
to conform with known changes in the mark/catch ratio at Fort Babine and to
allow for a late installation of trapping structures in 1951, when a portion
of the run had passed before trapping began.

T
No. of smolts No. of marked Size of Estimated 95% 1imit
Year marked smolts recovered sample examined size of run o 1iMits
1951 34,689 200 21,855 4,2 x 106 3.7 to 4.8 x 106
1952 33,880 646 86,391 4,5 x 106 4.2 to 4.9 x 106
1953 61,950 2,498 124,396 3.1 x 106 3.0 to 3.2 x 108
1954 42,631 1,156 81,082 2.8 x 106 2.7 to 3,0 x 106

Certain errors associated with the possibility of increased mortality
due to marking by fin-clipping, und with the likelihood of disproportionate
intensities of marking with reletion to the run passing Fort Babine each day
cannot be assessed and have been treated as constant each year. The annual
estimates, therefore, should be proportionate to one another despite dis-
crepancies between actual and estimated numbers each year.

Assuming that all smolts are l-year-olds (see "Age, sex, growth,
and parasite studies of sockeye smolts™, below) survival from egys potentially
available in the spawning run to resulting smolts may be calculted from Babine
fence data. The figures applying to the brood runs from 1949 to 1952 appear
below,

1949 1950 1951 1952
Eggs potentially availeble 869 x 106 583 x 106 198 x 106 411 x 108
Year smolts appear 1951 1952 1953 1954
Estimated no. of smolts 4.2 x10% 4,5x 106 3.1 x 108 2.8 x 106
Survival from egg to smolt 0.48% 0.77% 1.5% 0.68%

A tendency for greater numbers of smolts to result from increased egg
depositions probably obtains at Babine; an increase in the survival to smolts
from smaller egg depcsitions is, however, also indicated. The 1952 spawning
run was seriously affected by the Babine River rock slide of 1951-52, and es-
timates made on the spawning grounds in 1952 indicated that only about one-
third of the females spawned successfully in that year. Agsuming this to be
the case, and that only ambout one-third of the eggs potentially available were
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actually available, the percentage survival from that year would be approx-
imately 2%, a higher survival than any so far observed at Babine Lake.
(However, there was also an undetermined loss in unspawned females in 1951
which would raise the 1.57% shown in the above table.)

The smolt runs of 1953 and 1954 which resulted from the slide~
blocked broods of 1951 and 1952 were lower than the 1951 and 1952 smolt rums,
but higher than would be expected in view of the low numbers of the 1951
brood and the damaged and delayed character of the 1952 brood, if a directly
proportionate relationship between brood and subseqpent smolt production were
assumed.

The 1955 smolt run will be the product of the 1953 brood, unaffected
by the slide which also produced the largest potential ege deposition re-
corded since Babine fence counts began.

2., Time and speed of migration. F.C, Withler

Late ice break-up on Babine Lake delayed installation of smolt es-
timation apparatus for the 1954 smolt run. The first day of trapping at
Fort Babine was delayed one week beyond the latest previous date which occur-
red in 1952, The catches suggest that the smolt run was correspondingly de-
layed and most of the run was subjected to marking and recovery. The follow-
ing table compares the timing of the 1954 run with past years.

Year Trapping started Trapping ended Peek catch
1951 May 23 July 1 June 1 and 6
1952 May 27 July 3 June 5
1953 May 21 June 30 ~June 8
1954 June 3 July 2 ‘June 9

In conjunction with the run estimation procedure, 3,685 smolts were
merked at Fort Babine by passing distinctively coloured threads through the
backs before release; subsequently 179 of these were recovered at the Nil-
kitkwa Lake trap. The length of time required for these fish to travel the
eight-mile distance is given below with similar data for other years.

Year No. of thread

marks recovered Range of time out Average time out
1951 11 2-6 days » 3.4 days
1952 100 1-11 days 3.4 days
1953 62 1-8 days 2.9 days
1954 179 1-9 days 2.4 days

The general high water condition of the Babine Rivers might account
for the relatively rapid travel of smolts through Nilkitkwa Lake in 1954;
however, higher water levels obtained during the smolt run of 1952,

Throughout the smolt run records of water level, water temperature
and weather conditions are kept in addition to the daily readings maintained
at the Babine fence throughout the field season.
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3. Age, sex, growth, and parasite studies

—

of sockeye smolts. ¥.C, Withler and E. Pombroski

Daily samples of sockeye smolts have been teken either for special
study or in conjunction with the smolt run estimation project from 1950 to
1954, Examination of all samples taken up to and including the spring of
1953 has been completsd by Mr. Dombroski.

Exemination of scales has shown that the smolts leaving Babine Lake
are predominately l-year-olds. The table following gives the proportions
found annually in the samples from 1950 to 1953. Also given are the sex
ratios in each age-group, which do not depart significantly from a 50:50
assumption, '

Year l-year-olds 2-year-olds

Males Females Males Females
1950 1,296 1,320 9 5
1951 1,428 ‘1,367 6 4
1952 826 + 828 6 5
1953 629 605 8 14

Lengths and weights of all smolts also have been recorded. That con-
siderable differences exist between average sizes in different years is shown
in the table balow,

Year Number Fork length (mm.) Welght (grams)

in sample Range Average Range Average

l-year fish :

1950 2,616 54=104 83.0 % 6.3 1.3-10.,6 5.5 + 1.3

1951 2,795 58-111 82.4 + 6.9° 1,6=12,8 5.6 + 1.5

1952 1,654 55-109 80.4 + 6.5 1.3-12.7 4.9 + 1.3

1953 1,234 70-111 86.0 + 6.5 2.4-13.5 6.2 + 1.5
2-year fish

1950 14 104-122 110.4 + 5.1 7.7=15.8 11l.9 + 2.2

1951 10 91-117 100.7 + 7.7 6.6-15.4 9.4 + 2.7

1952 11 96-114 104.4 + 4.9 8.8-12.1 10.1 + 1.5

1953 22 90-151 114.7 + 17.2 7.,0-35.1 14.8 + 7.0

When the average size of smolts for each year is compared with the
estimated size of the run in that year (see "Estimation of size of runs from
1951 to 1954 above), for the three years recorded, an inverse relationship
between size of run and size of smolt exists.

Included in the examination of smolt samples of 1952 and 1953 was
a notation regarding the presence or ebsence of infection by cestodes or
nematodes. In both years about 35% of the smolts were infected with the
cestode Bubothrium salvelini (Schrank, 1790) and 20% by the nematode
-Philonema oncorhynchi Kuitunen-Ekbaum, 1933. Six to 7% of the smolts har-
boured both parasites. Fish infected by cestodes only, or by cestodes and
nematodes both, were significantly smaller then uninfected fish or those
with nematodes only. Nematode infected smolts were significantly larger
than uninfected individuals in 1952 but not so in 1953,
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4, Wildfowl food studies in the Fort
Babine area. F.C. Withler and I.V.F. Allen

During the springs and summers of 1953 and 1954 Mr. Allen collected
55 waterfowl in the Fort Babine area to determine the possibility of, and
grossly, the extent of, predation upon young salmon, particularly sockeye.
The Upper and Lower Babine Rivers provide extensive spawning grounds for
sockeye, and all sockeye smolts emigrating seaward must pass through the area.

Eleven species were collected in the two years. The number of speci-
mens of each species and an indication of whether or not salmon remains were
found in the digestive tracts are given in the following table.

No.

Species Common name examined szzga:iimon

Gavia immer (Briinnich) Common loon 1 + smolts
Colymbus grisegena Boddaert Red-necked grebe 7

Gleucionetta islandica (Gmelin) Barrow's goldeneye 4

Mergus merganser Linnaeus American merganser 8 + fry
Larus argentatus Pontoppidan Herring gull 5

Larus delawarensis Ord Ring-billed gull 2 + fry
Larus canus Linnaeus Short-billed gull 4 + fry
Larus philadelphia (Ord) Bonaparte gull 10 + fry
Chlidonias nigra (Linnaeus) Black tern 6 + fry
Megaceryle alcyon (Linnaeus) Belted kingfisher 3

Histrioniocus histrionicus Harlequin duck 2 + fry

Linnaeus

Two other waterfowl species were observed in the area - the Spotted
sandpiper (Actitis macularia (Linnaeus)) and the American bittern (Botaurus
lentiginosus (Montagu)). Neither was collected.

The following table shows the numbers of young salmon found in
digestive tracts of birds collected in 1953 and 1954 and the number of speci-
mens of all species which contained them.

1953 1954 Total
Young salmon taken 64 240 304
Number of specimens containing young salmon - 9 7 16

A report of the study is being prepared by Mr. Allen.

C. Fry production studies at Six Mile Creek. K.V. Aro

An adult-fry fence was constructed at Babine Lake in 1950 to illus-
trate the degree of spawning success of sockeye and to describe the factors
limiting the survival from egg to fry. Six Mile Creek was chosen as the site
because it was of moderate size, it possessed a moderate-sized runm, and it
was the most suitable stream on the lake for fencing. Access would be dif-
ficult but not impossible. ’

During the summer and fall of 1951 and 1953 adult sockeye were
counted and sampled to determine the potential egg deposition. The effect
of stream conditions and the gross behaviour of the spawning run was

@
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assessed by numerous stream surveys and by tagging. Progressive losses dur-
ing development to fry emergence were followed by examination of the eggs in
the redds; and the final survival from egg to fry was determined in the spring
from the fry fence counts.

Six Mile, like all smaller streams in the urea, is subject to ex-
cessively high water levels during the spring run-off and to low water levels
during the remainder of the year. High water levels and tremendous amounts
of organic debris which are brought down by the water have hsmpered fry
fence operations to the point where counts have had to be suspended for
periods during the peak of the run. The numbers of fry therefore, have had
to0 be estimated. During summers of low precipitation water levels have be-
come reduced to the extent where it has been impossible for adult sockeye to
enter the stream., In order to have the fry fence operational by the time of
the peak of the fry run it is necessary to move personnel and equipment to
Six Mile about a month earlier while the ice is still relatively safe for
travel. Even at the best of times this is a difficult and hazardous under-
taking. This is followed by a period of complete isolation of up to six weeks
until the lake becomes navigable. Although these difficulties are not ine
superable, the cost in time and effort is prohibitive in view of the limited
number of experienced personnel available. Hence following the cessation of
the 1954 fry count the investigation was discontinued. Installations and
equipment were dismentled and stored for use in any future projects under-
taken at Six Mile,

Reports summarizing the work at Six Mile will be prepared.

1. Egg survival in 1953 and 1954.

In the summer and fall of 1953 a total escapement of 1,273 female
sockeye spawners carried an estimated 4,344,500 eggs into Six Mile Creek.

During stream surveys carried out throughout the run, 1,193 dead
females were examined for eggs retained. From this sample it was found that
3.6% of the eggs carried into the stream had not been deposited but were re-
tained in the bodies of the fish.

Further examinations of egg survival were made on November 6, 1953,
and on April 6 and 7, 1954 when five and four redds, respectively, were
dug. The materials obtained from these redds will be examined later to de-
termine survival to various stages up to fry emergencs.

Adult sockeye were allowed to spawn in the fall of 1953 in two
spawning pens which had been sunk into the gravel bottom of the stream. The
contents of the two pens were dug up and examined on April 12 to 14, 1954.
& pen in which one female and 2 male sockeye had spawned produced 2,016 live
alevins, which represents a survival of about 60%., A survival of 16%, re-
presenting 931 live alevins, occurred in the other pen in which two pairs of
sockeye spawned. Some badly decomposed egg material was found in both pens.

Conditions affecting natural propagetion in 1954 up to the time of
emergence seemed favourable. Light snowfall during the winter permitted
deep frost penetration but good water flows which covered most of the stream
bottom kept the developing eggs moist.

2. The sockeye fry run in 1954.

The fry fence at Six Mile Creek was made ready for operation in
mid-April 1954. However, because of the abnormally cold spring end the sub-
sequent late run-off, the water flow was insufficient to operate the fence
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until May 5 when the first fry appeared. In the period which followed
‘difficulty was experienced at first because low temperatures caused the

fence to freeze and leter because high water levels and tremendous amounts

of debris exceeded the fence's capacity. The fence was operated part of

each night until May 10 and from May 22 to 25. Fence operations were totally
suspended from May 1l to 21, and on May 26 end 27. From May 28 until June 14,
when the count was discontinued, the fence was operated without undue dif-
ficulty.

A method of estimating the number of fry migrants by means of
sempling nets was used to determine the size of the run during periods when
the fence was not in operation. This involved fishing in the stream with
sampling nets for certain periods throughout the day both when the fence
was operational and non-operational. A significant positive correlation
was found to exist between concurrent fence counts and net catches. Using
this relationship the number of fry was calculated from net catches during
periods when fence counts were suspended.

The estimated number of fry was 819,000, a survival of approx-
imately 19% of the eggs carried into the streem in 1953. Taking into ac-
count the inaccuracies introduced by freezing and high-water difficulties,
the limits of error of this figure are probebly from 15% to 22%. The 1954
survival figure exceeds the 12% figure estimated in 1951.

The 1954 fry run began on May 5 end rose very rapidly to an estimated
peak of 98,000 fry on May 13. The intensity of migration appeared to be re-
lated to water flow in the stream. After May 13 the run declined slowly with
two lesser peaks of 68,000 fry on May 17 and of 26,000 fry on May 26, until
only 296 fry were counted on June 14. The sampling net catches indicated
that migration took place during twilight and darknwss though some fry were
caught in daylight during periods of high water level when scouring probably
occurred. During the first half of the run the migration reached a peak be-
tween 9:00 and 10:00 P.M. Standard time. However, as the season progressed
the nightly peak shifted to between 10:00 and 11:00 P.M.

From observations made at Six Mile since 1951 it is thought that
the run-off conditions experienced in the spring of 1951 end 1954 are normel ,

LAKEISE LAKE M.P. Shepard

In 1949, Lekelse Leke was established as a research areas, wherein
studies aimed at establishing the principles governing the freshwater pro=-
duction of sockeye salmon could be carried out. The mechenical basis for
these studies, namely a series of counting fences, was assembled during the
years 1949 to 1952. From 1952 to the present the work has been directed to-
ward the establishment of techniques for enumerating sockeye runs at various
stages of their freshwater life-history and toward the development of a
standerd system for describing the physical and organic environment of the
sockeye during their freshwater residence. Considerable effort has been
spent on gaining a clear-cut understanding of the effects of enumeration
techniques en the sockeye populations. Such studies are necessary to dif-
ferentiate between natural and ertificial effects.

The development phase is, with certain exceptions, at an end.,
Enumerations are now made of the adult run entering the Lekelse drainage,
of the adults reaching the spawning grounds, of the fry resulting from the
seeding of these adults, and of the smolts leaving the lake a year or two
later. Routine description of the enviromment includes: year-round observa-
tions on meteorology, lake temperatures and levels, end annual agsesaments
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of the abundance, composition and diet of predator and forage species.
Techniques for the routine description of plankton crops, nutrient

chemical concentrations apd competitor fish populations are still in the

process of development and should be on a standard basis by the spring of

1955.

This extensive program of ecological description provides an excep-
tional basis for the conduet of specific, short-term research programs.
while the accumulation of many years® data will provide valuable correlations
between sockeye production and environmental factors, intensive and limited
research on specific problems is needed to provide fundamental information
in a short time. This year several research projects of this nature were
undertaken. In August, Dr. W.E. Johnson, recently of the University of
Wisconein, began an intensive study of the relation of sockeye production to
plankton distribution and density. As an initial step, Dr. Johnson has
developed a workable method for the capture of lacustrine sockeye. Members
of the Station staff are conducting studies on the effects of sex ratio on
the spawning of adult sockeye, and on the effect of gravel size on the
incubation of gockeye eggs. Background information for the planning of a
fish control program is being gathered. Certain manipulative studies,
including the alteration of the sex ratio of fish entering Scully Creek, were
postponed because the small adult run to the lake this year would have
prevented the use of past data as a control for this year's experiments.

An important part of the work, not fully covered here, is the
tabulation and analysis of data collected at Lakelse from 1944 to 1952.

The intensive field program of the last two years has prevented an active
attack on this information. Many useful data, especially those concerning
the salmon runs, are being examined and assessed in terms of the present

program,

A. Sockeye fry studies J .G. McDonald

' The 1954 program was a continuation and expansion of that of past
years. Effort was directed mainly toward assessing and comparing the pro-
duction of sockeye fry from Scully and Williams creeks, the two main spawning
areas of the Lakelse watershed.

These two tributaries are utilized by over 90% of the effective
escapement to the lake. On the basis of their fry production the fry output
of the total spawning area may be estimated. An enumeration of the survivors
in 1955 (as seaward migrants) will provide information sufficient to assess
the mortality occurring during the period of lake residence.

1. Scully Creek fry production J .G McDonald end 0.K.L. Fingerhut

a) The escapement and potential egg deposition. A total number of 627
sockeye were passed upstream in a period beginning August 5 and ending
September 6., The numbers of each sex, the potential egg deposition and other
pertinent data are given in the following table in comparison with similar
data from past years:
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Escapement
Year Jack Sex ratio® Potential No. of Percent
Males Females Males Male:Female deposition fry migrants production
1949-50 565 485 28 1:0.86 1,766,370 242,346 13.7
1950-51 195 121 146 1:0.62 377,775 35,129 9.3
1951-52 809 384 21 1:0.48 1,221,696 165,782 13.6
1952-53 556 507 40 1:0.91 2,053,350 249,882 i2.2
1953-54 370 251 6 1:0.67 958,067 97,134 10.1

& jacks excluded

An estimated 100 individuals did not pass through the weir but were
observed spawning below. Therefore, the total escapement to the creek was
approximetely 727 sockeye. '

b) The fry migrants. Weir operation began March 22 and continued until
May 9 when a break-through from a nearby drainage system rendered the weir
inoperative for a period of seven days. Remedial measures were carried out
and weir operstion was resumed on May 17.

The number of migrants during the period of abnormally high water
levels was estimated by the operation of a fry trap (described in last year’s
report ). The operation of the trap concurrent with weir operestion before and
after the high water period permitted an assessment of the reliability of the
estimate. In 22 tests an average of 11.3% of the daily migrants wes captured.
This ratio was quite constent from day to day (standard deviation = 1. 66%) .
The total number of fry migrating from May 9 to May 16 is therefore estimated
to be 100 x 2,091 {(number captured in trap).= 18,504, The number of fry

11.3
counted and estimated throughout the migratory period is given below:

Period : Number counted Number estimated
Mar 22-May 9 40,489
May 10-May 16 - 18,504
May 17-Jun 6 37,141
Jun 6. = 1,000

Total 97,134

¢) Percent production of fry. A total of 97,134 fry was estimated to have
survived from the potential deposition of 958,067 eggs. The production of
fry is therefore 10.1%. The fry production occurring at Scully Creek from
1949 to 1954 is summarized in a previous teble.

2., Williems Creek fry production. J .G, McDonald and J.A. Paul

a) The escapement and potential deposition. Pertinemt data for 1953 were
given in last year’s Annual Report. The total number of sockeye spawning
in Williams Creek was 8,508, A male to female ratio of 1:0.990 and an
average egg content per female of 4,183 resulted in an estimated potential
deposition of 17,765,201 eggs.

b) The fry migrants. The construction and operation of a fry weir was
not considered feasible in this creek. A method of estimat ing the mi-
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grant population was initiated, based on the premise that if a certain
proportion of the discharge was strained for fry then a similar

proportion of fry would be captured. In order to avoid error due to a non-
random distribution of migrants a "string®™ of nine traps (trap design de-
scribed in last year's Annual Report) was placed ecross the three outlet
channels. Each trap strained a section of water extending from the surface

to the bottom.
The traps were operated continuously. The fry were removed and

counted each hour during the period of migration.
The efficiency of the trap was tested by:
(1) measuring, daily, the percentage of discharge strained;

(2) releasing fry upstream from the traps and calculating the percentage
recaptured;

(3) operating a trap et Scully Cresk, concurrent with weir enumeration.

These tests demonstrated the following:
(1) Straining efficiency wes optimum. The measured discharge strained
equalled the calculated discharge strained.

(2) The percentage of fry calculated to have been recovered after release
upstream was in close agreement, in two tests, to the percentage of discharge
strained. In a third test the calculated percent recovery was high.

(3) In twenty-two tests at Scully Creek an average of 11.3% % 1.66 of the
migrants were captured daily in the trap straining 11.0% of the flow up-
stream of the weir.

Trap operation begen April 1 end terminated June 8. The weekly
number of fry captured is given below:

Week ending Number of fry captured

Apr 11 677
18 2,922

25 10,387

May 2 12,692
9 27,135

16 26,133

23 29,287

30 18,242

Jun 6 6,137
- 13 1,074+
Total 136,000

The total number of migrants was estimated on the basis that the
percentege captured in each channel was equal to the percentage of dis-
charge in the channels strained by the traps. Main, East and West channels
strained 10.8, 8.8 and 6.9% respectively.
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"

The number of migrants carried by each channel and the estimated
total run are given below:

‘Total Estimated % Total migrants
Captured migrents captured estimated
Main channel 115,000 10.8 1,064,000
East channel 16,000 8.8 182,000
West channel 5,000 6.9 72,000
Estimated total ' 1,318,000

Trap operation terminated June 8 when 385 fry were captured. The
number migrating after this date is estimated to have been 20,000. This es-
timate is based on the numbers migrating up to a date at the beginning of the
run when a similar number was captured. The total migrant population is
therefore estimated to be 1,318,000 + 20,000 = 1,338,000 fry. This number
represents the survivors from a deposition of 17,765,201 eggs, giving a
survival from egg to fry of 7.5%.

3, Lakelse Lake fry output 1953=-54. J .G, McDonald

The total fry output has been estimated on the basis of the success
of production reported for Williams and Scully creeks and the total spawning
escapement to Lakelse Lake in 1953, As minor spawning streams are more
typical of the ‘conditions existing at Scully Creek, a production percentage

of 10.1% has been applied to them. ;
Lakelse escape- Sex Egg . Percent Fry

ment - 1953 ratio deposition production output

Williems 8,508 1:0.99 17,765,000 7.5 1,338,000

Scully 627 1:0.67 958,000 10.1 97,134

Others 160 l:1 305,400 10.1 30,845

Totals 9,295 19,028,400 7.7 1,551,934

4. The history of artificially fertilized sockeye
eggs placed in artificial redds. J.G. McDonald and 0.K.L. Fingerhut

A preliminary experiment was conducted to suggest answers to the
. following questions:
a. What size of gravel is conducive to optimum egg development and survival?

b. Does a loss of eggs occur? (i.e., do dead or unfertilized eggs disinte-~
grate, thus introducing error into the present methods of redd sampling?)

¢. What is the influence on survival of insect and other forms present in -
the gravel?

A measured amount (by volume) of fertilized eggs was placed in .
gravel contained in plywood and screen boxes. Three sizes of gravel were
used (small, medium end large) which renged from less than 1/4 inch dia-
meter to 2 inches diameter. Nine boxes of each gravel size were used, each
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containing roughly one cubic foot of gravel. The boxes were then placed in
the stream bed where there was sufficient depth of water to guard against
dessication and freezing.

A sample of eggs in each gravel type was examined in October 1953,
gix weeks after fertilization end all boxes were throughly examined in March
of this year. The following is a general summary of the findings:

(1) Almost all eggs had died by the time the early eyed stage was reached.
This was believed due to heavy silting of the gravel resulting from the
position of the boxes in respect to weter current.

(2) The medium- and large-sized gravel was more conducive to egg develop-
ment and survival than the small gravel.

(3) A large number of eggs placed in the boxes could not be accounted for.
(4) Fungus was much more prevalent in eggs in the larger gravel types.

(5) At an initial stege of "fungusing®, the eggs, upon cursory examination,
may be erroneoulsy identified as in the early eyed stage.

{6) The larval forms of insects were found in the boxes and in the egg layer.
Chironomid larvee ("blood worms") were extremely abundant. In some instances
these larvee were found inside the dead eggs.

The large mortality of the eggs at an early stage greatly reduced
the value of this experiment. A repetition with further control is required
to evaluate more fully the influence of the various factors discussed above.

B, Smolt stﬁdiaso M.P, Shepard

The relation between the number of eggs deposited and the number
and weight of the resultant smolts provides an index of sockeye production
at Lekelse Lake. Since 1952, annual counts and meesurements have been made
at. the Lakelse River fence to provide the key date on sockeye yield.

1. The smolt run of 1954. M.P. Shepard end R.M. Humphreys

The annual count of sockeye smolts at the Lakelse River fence began
on April 15, and continued until mid-August. During this period, a total of
375,000 sockeye smolts passed through the weir. The peak of the run occurred
on May 27, while 90% of the run was enumerated between May 15 and June 5.
For six days near the end of the run, high water permitted only a partial
count to be made., During this period it is estimated that about 4,400 sock-
eye passed through the fence undetected. - Thus, the total run was approxi-
mately 379,400,

Concurrent with the enumeration of the sockeye smolts, 91,000 coho
smolts were passed through the fence. In addition to these fish, it was
estimated that about 8,400 smolts passed downstream, undetected during the
period in June when the fence was not in operstion. Thus the total coho run
was approximately 99,400.

As a result of studies on the effects of fence operations on the
condition of young sockeye conducted in 1953 (see MS. Rep., Fisheries Re-
search Board -of Canada No., 559, 1954 ), changes in fence design were made to
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increase the efficiency of the operation and to ease the passage of fish
through the fence. The chief changes were the provision of larger traps
and the institution of a visual counting system, wherein fish were enum-
erated without handling or removal from the water, Using a glass-bottomed
viewer, fish were counted as they passed through an underwater shute, It
was impossible to differentiate between sockeye and coho smolts passing
through the viewer and therefore, daily samples, comprising aepproximately
25% of the run, were examined to determine the proportionel representation
of sockeye and coho. Improvement in fence design over the past two years
was reflected by a lowering number of smolts killed by the fence operation.
In 1952, it was estimated thet up to 5% of the run suffered mortality. In
1953 this percentage dropped to 1.61% and in 1954, mortality was cut to less
than half of that (0.74%).

In 1953, a marking experiment was carried out on Scully Creek fry
to provide information on the age of the smolts emigrating from the lake.
By examining samples of smolts at the Lakelse River counting weir for the
presence or absence of marks, the tentative conclusion, derived from scals
studies, that the majority of the Lakelse mmolts are yearlings can be tested.
A total of 11,253 fry were marked by excision of the left pelvie fin. At
the Lakelse River weir, in the spring of 1954, 54,312 smolts were carefully
exemined. Of these 12 had deformed fins; 6 of these were mrobably genuine
merks; the others were labelled as possible marks. In 1952 a similar ex-
periment was carried out wherin fry were marked by removal of both pelvic
fins. In 1953, 2 aemolts out of a sample of 110,500 bore "genuine" marks,
while 5 others bore possible evidence of excision. :

One of the ™possible™ marks from the 1954 exemination resembled a
1952 mark., Examination of samples of fish in the 1955 run are necessary be-
fore eny final conclusions are draewn. The evident and extensive different-
ial mortality suffered by marked fish makes quantitative assessment of the
results difficult. Tentatively, however, the results of the 1952-54 experi-
ments suggest that the majority of the Lakelse smolts spend only one year in
the lake.

2o §1zeﬁ>age and sex compoaition of Lakelse smolts. M.P. Shepard

Since 1952 annual assessments of the composition of the Lakelse
smolt run have been made., In the following table the results of preliminary
analyses of the data are summarized. Two sets of observations made in 1946
and 1948 are included.

Yoar Semple Nambers of fisn Av. length Av. weight
ea X X ‘

size Malel Female Male® Female of 1%s of 1%s

(em. ) (em.)

1946 210 209 1 7.61 4,57
1948 44 43 1l 7.63 -
1952 1661 866 778 12 5 8.18 5.60
1953 1377 740 621 5 11 8.52 5,79
1954%% 1582 855 719 2 6 8,13 5.55

X ] = yearling fish; 2 = 2-year-old fish
XX Figures for 1954 are tentative pending thorough analysis.

Although the early information is scanty, the data suggest that
snolts examined from 1952 to 1954 were distinctly larger than those taken

r
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during 1946 and 1948. There is no distinct relation between smolt size and
the numbers of smolts emigrating from the lake (see part IV of the Lakelse
reports). It is of interest to note that in the last 3 years males have
consistently outnumbered females; the average male:female ratio is 1.15:1.
This difference is statistically significant.

The proportion of 2-year-old fish in the samples is low, averaging
0.9% for the five years of observations.

C. Adult studies° D. MacKinnon

The chief activity of the adult sockeye program at Lakelse Lake is
the annual enumeration of the size and composition of the run. This is ac-
complished chiefly by counting, sampling, tagging and observing the fish at
two critical points in their freshwater history. One of these ponts is at
the Lakelse River fence as they enter the lake and the other is at the Wil-
liams and Scully creek fences as they enter the major spawning streams.

This information is taken to provide a base line for the many problems and
potential problems concerning the role of the adult in a sockeye production
unit. The chief problem is of a general nature and can be stated as: "What
role does the amount of seeding play in the production of sockeye smolts?%.
The approach to this is to relate the variation in numbers, composition and
environment of the runs to variation in numbers of progeny. Until more is
known about this and other potential limiting factors (any one of which may
decide the carrying capacity of the lake) it is only safe to assume that
seeding is a factor limiting production. With this in mind; studies are be-
ing carried out to determine what factors limit the deposition of eggs. In
this respect the mortality of adults in fresh water prior to spawning has
become an important problem. Causal analysis of this mortal ity has resulted
in an intensive study of the effect of the river fence on the condition of
the fish, This study has been projected to the mouth of the Lakelse River
this year in an attempt to determine whether injuries and subsequent mor-
tality are artificial and caused by the fence or whether they are normal and
can be expected to occur in other systems.

Estimation of the size of spawning populations by stream surveys
18 receiving considerable attention. Originally designed to provide a
method of visual estimation they have also served the useful purpose of pro-
viding information for the evaluation of past data from stream surveys made
before adequate fences were built,

Observation of spawning behaviour and preliminary sex ratio experi-
ments were commenced to determine the minimum proportion of males necessary
to fertilize effectively the eggs of the females present.

l. River mouth observations. D, MacKinnon

The high incidence of injury and subsequent mortality of adult sock-
eye prompted an investigation of the fish before they arrived at the river
fence at the entrance to the leke. It was hoped that some clues to the in-
jury problem would result from tagging and observing samples of the run at
the mouth of the Lakelse River. As was anticipated, much time was lost in
evolving a capturing technique and finding an observation place.

It was found that gill netting in the relatively quiet water at
the mouth of the river was the only practical method of capturing fish.

It was; of course, necessary to patrol the net and remove fish as soon as
they were caught. Observation for incidence of injury as the run passed
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through was practised at only one place. This was in a small cleering in a
large log Jjam. .

Forty-five fish were capbtured, tagged, examined for injuries and re-
leased, Twenty-four of these f£ish were captured in the first two days and
the remeining 21 during the following two weeks. A striking difference in
the success of recapture at the river fence indicated that the first group
of fish (83% recovery) were the last of the main body of the Lakelse run,
while the last group of fish (33% recovery) were "stragglers" of the Lakelse
run and “wanderers® from other Skeena River runs.. This is pointed out by
the fact.that two of the latest fish to be tagged were recaptured in the
Skesnae River. One went 80 miles downstream and was taken in the commercial
fishery while the other went 80 miles upstream and was captured in the Ind-
jan fishery. All other recaptures were made at Lakelse Lake,

Of the 21 tagged fish captured at the entrance to the lake, 10
gshowed no change in cgndition while the other 11l showed added injuries
(average of 2 injuries per fish).

Of the 94 fish observed at the log jam, only 10% bore injuries.
This is in contrast to the 33% injury ratio observed at the river fence.

The number of fish tagged and observed is too small to provide any
conclusions. However, it is indicated that many of. the injuries occur in
the Lakelse River.

: The average time taken to travel the 12 miles of the Lakelse River
was 6 days. Much of this time was probably delay as & result of handling
during tegging. ‘

A survey of injury and delay factors in the river shows that pre-
dation may cause a small part of the injury. As many as 20 geals were seen
in the lower three miles of the Lakelse River, A few signs of bear but no
direct evidence of eegle predation were seen. Log jems abound in the river.
One of these covers nearly & half-mile of stream bed. In many places the
submerged branches provide a reticulum that could easily be a serious cause
of injuries. '

2. Adult escapement to Lekelse lake, 1954. M.P. Shepard and R. Tkachuk

A total of 7,671 adult sockeye was counted through the Lakelse
River fence between June 17 .end August 3l. Since then & smsll late run of
sockeye has occurred, but date on this are not yet available. The peak of
the run occurred on June 26 when 830 fish were counted. In general the run
was somewhat later than in 1952 end 1953, the other years of operation of
the Lakelse River fence. :

The results of the fence operation are marred by the fact that a
gap under the floor of the fence was discovered late in the run., It be=
came evident. that an appreciable number of fish escaped through this hole,
However, data gathered from tagging studies gives a reasonable estimate of
this undetected loss., Three sources of information were used to gain this
estimate:

(a) River fence tagging. A total of 357 tags was applied to fish at the
river fence. Only 222 of these tags wers accounted for on the spawning
grounds, indicating a loss of 135 tags. Prior to the spawning run, 6 river
tags had been recovered on dead fish in the lake, The proportion of tags

in the semple of dead fish found in the lake was 6 times greater than the
proportion of tags in the spawning population, indicating that a marked dif-
ferential tegging mortality had occurred. These data permitted a computa=-
tion of the lake loss, and when added to the spawning ground count gives an

»
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estimate of the total run to the Lake (see table below).

(b) Lakelse River-mouth tags. Forty-five tags were applied to sockeye at
the mouth of the Lakelse River (see Report No.l of this section). Of these,
21 were trapped at the Lakelse River fence. Records were made of tag num-
bers. Upstream from the fence (among dead fish washed down on the river
fence, among dead floating in the lake, and among fish examined on the spawn-
ing grounds), some of these tags were recovered a second time., Other tags
could not be traced to the river fence and presumably passed through the gap
in the fence. On the basis of these data, an estimate of the total run to
the river was made (see table below).

(¢) In 1952 and 1953, it was estimated that for each dead fish observed
floating in Lakelse Lake, respective totals of 31 and 32 fish had died and
were not recovered. In 1954, 33 dead fish were recovered. Assuming that
the ratio of dead found: total dead was about the same as in past years, a
gsecond and independent estimate of the loss in the lake was obtained. The
results of this estimate were added to the spawning ground count to provide
a third estimate of the total run (see table below).

Data source Total river 95% Fiducial®
run linits
(a) River fence tagging 8,368 7,967 = 9,104
(b) Lakelse River mouth tagging 8,483 8,295 - 9,505
(c) Dead on lake surveys 8,569 -
Average 8,473

& TPFiducial limits = total number of fish actually counted thrbugh the fence
or on the spawning grounds + fiducial limits of es=-
timated loss through the fence or estimated loss in lake,.

Thus there is a close agreement between the three estimates. It is
felt, therefore, that the average estimate of 8,473 is a close appromimetion
of the true run to the Lakelse River fence.

A sample of the run was tagged. The length, sex, condition of the
fish and a scale sample wWere taken. The results of the tagging experiment
and of the injury descriptions are included in Report No. 4 of this section.
The provision of more pens this year increased the precision of the sampling.

Analysis of the length, age and sex data has not yet been made.
Tabulations of last year’s results are included in the next report.

3. MAge, Bize and sex composition of M.P. Shepard and D.R, Foskett
the 1953 adult run.

In 1952 and 1953, samples of the adult run to Lakelse Lake were
taken for determination of length, age and sex., In the following table the
1952 end 1953 data are sumarized. As outlined in last year’s report, the
determination of sex of the river fish is not completely accurate. Data
from tagging experiments wherein sexing of fish tagged at the river fence
is carried out on the spawning grounds, is required before further break-
down of the data is possible,
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Age class Per cent composition

| 1952 1953

3z 0.4 0,0

42 7 1105 2891

59 82.1 60,5

53 000 907

52 + 53 8201 ] ' 7002

' 6 0.2 0.3

63 5.7 1.0

62 - 63 5.9 1.3
Total number in sample 927 268

Although the proportions of the various age classes have varied
gsomewhat, 5g fish formed the dominant group in both years. The appearance
of 53 f£ish in the 1953 run contrasts with the complete lack of this group
in 1952. o

4, Distribution, survival and injuries M.P. Shepard, D. MacKinnon,
of adult sockeye. and R.M. Humphreys.

As outlined in the preceding reports, the run of adult sockeye at
Lakelse was examined at three locations: at the mouth of the Lakelse River,
at the Lakelse River fence (located near the outlet of Lakelse Lake into
the river), and on the spawning grounds. Comparisons of counts, estimates
and data on the composition of the run at the different localities give in-
formation on the extent of mortality occurring after the adults have begun
their migration into the Lakelse drainage and op their distribution on the
spawning grounds. . . .

a) Distribution and survival. As outlined in Report No. 2 of this section,
it was estimated that 8,473 adult sockeye entered Lakelse Leke prior to

July 31. Fence counts on the two mein spawning streams of the lake (Williems
and Scully) and estimates on the other streams indicate that no more than
7,698 sockeye reached the spawning grounds. The others, (775) were presumed
to have died in the lake. Calculations based on tag recoveries (see Report
No., 2) support this figure. Thus, it is estimated that a 9% mortality oc-
curred, As shown in the following table, this figure is less than in 1952
and 1953 when losses of 32.1% and 21.4% were estimated by the same method.

”
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1952 1953 1954

Number  Percent Number  Percent Number  Percent

Lakelse River 17,726 100 11,815 100 8,473 100
Williams Cr. 9,932 56.0 8,508 7L.9 6,789 80.1
Scully Cr. 1,103 6.2 627 5.3 714 8.4
Others 1,000 5.6 160 l.4 195 2.3
Total spawning 12,035 67 .8 9,295 78.6 7,698 90.8
Presumed dead 5,691 32.1 2,520 21 .4 77 9.2

The distribution of spawners in the leke is also summarized in the
table. It will be noted that the ratio of Scully to Williams spawning fish
has remained about the same over the three-year period. The 1954 rum is pro-
bably the second lowest since the Lakelse field station began operation in
1944, Although reliable data are lacking for several years, the 1950 run is
believed to have been lower than 7,000, The production of fry next spring
and smolts in 1956 will be watched with interest.

5. The Williams Creek spawning run. D. MacKinnon and H.D. MacIntosh

This year®s run to Williams Creek was slightly later than in pre-
vious years. The run began August 8 and rapidly built up to a peak on
August 12. By August 17, 90% of the fish were through the fence. The re-
maining 10% moved through the fence in amall groups. By September 1, the
run was virtually completed. The count through the fence was 3,213 males
and 3,576 females giving a maximum deposition of 14,661,600 eggs. The
average length of females was 61.1 and of males 67.1 cm. Analysis of tag re-
turns, sex product retention, and length frequency of the fish found dead
on the fence is not yet completed.

The distribution of these fish on the spawning ground was followed
by a series of stream surveys. The stream was divided into four sections
this year. Sections 1, 2 and 3 compare with the downstream area reported
in the 1952 and 1953 Annual Reports while Section 4 is the upstream area.
The table below shows the relative distribution of adults on the spawning
grounds,

Total No. \
observed Section 1 Section 2 Section 3 Section 4
Aug 9 75 24,0 64 .0 12.0 0
16 2,332 9,3 39.2 29.5 22.0
24 4,026 13.9 39,7 30.4 15.7
Sep 3 1,010 20,0 55 .8 9.8 14 .4

Roughly 20% of the run spawned in Section 4. This is in striking
contrast to the distribution in the previous two years when 67% and 57% of
the fish sapwned in this area. One of the main reasons for this difference
is that, in the upper reaches of the creek, less spawning ground weas avail-
able this year. The stream divided above this area and the new branch cut
through a heavily wooded area with few stretches of gravel. Another possible



=38= SOCKEYE SALMON

reason is that a marked improvement occurred in the stream bed immediately
downstream from this area. Winter freshets apparently cleared debris and
created new spawning stretches. A third possible reason is that the run
was 20% smaller than that of 1953 and 40% smaller then that of 19528. It
may be that reduced population pressure in the lower stretches obviated the
full utilization of upstreem area.

6. Observations on spawning

cti " K ﬂ o MaGKinnon

The dynamics of a section of Williams Creek spawning ground was
followed daily from the time the first fish arrived (August 8) until the
last fish died and drifted away (September 11)., The main object of this
study was to determine the role of the male in an integrated group of
apawners.

A section of spawning ground measuring 100 feet by 40 feet was
divided into 10 equal 20-foot by 20-foot squares by means of a string
stretched between stakes above the surface of the water. The daily number
of fish of each sex in each sguare were recorded along with qualitative
observations on behaviour. These observations were made from a l6-foot
tower. Attempts were made to recognize and follow individual fish by dis-
tinctive marks, scars or tags. It was important to know whether the males
would attend more than one female and whether the females would dig more
than one redd. :

The spawning sections filled with fish in & fairly predictable
manner. The downstream sections characterized by shallow (15 to 20 inches)
fast-moving water were chosen first while the upstream section charecterized
by deeper (20 to 40 inches) slow-moving water was chosen only after the
lower sections were fully utilized. The fish also moved to the periphery
where the water in some cases was shallow enough (under 12 inches) to ex-

. pose their dorsal fins; meny of these peripheral redds were left high and
dry by receding water.

Immediately prior to the peak of spawning activity (August 16),

a freshet washed out the grid. High murky water suspended observation for
eight days. The grid was reconstructed and observations resumed on August
24, It was interesting to mote that the fish that could be identified
were still in the same position.

The chief demage by the freshet was that much of the opportunity
to identify particular fish was lost. Despite this loss, enough observations
were taken to0 point out that the females stayed on their own redds through-
out the whole spawning period. The few exceptions were those that were
spawning at the periphery of the group. Receding water in these cases caused
the fish to leave partially developed redds. The males did not leave their
females during tie complete course of spawning activity. Eate in the spawn-
ing period, however, the males left their females to guard the nests and
gathered in groups of from 2 to 10 fish. The few fresh females and the oc-
casional partially spawned female on the grounds were attended by these
®"roaming® groups of males.

. . The sex ratio changed from predominately male early in the run to
exactly equal at the peak of the run, then to a slight excess of females for
two days after the peak and finally back to & male predominance for the bal-
ance of active spawning. ‘lhe last few fish on the grounds were females
holding over their nest in the last stages of life. MNany of the excess males
in the later stages probably came from the periphery which was outside the
grid and not quantitatively followed.

)
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At the peak of spawning, 70 pairs occupied the 444-square=yard
grid. This allowed approximately 6.3 square yards per redd. In the most
concentrated sections there were approximastely 4 square yards per pair.

Last year’s data for roughly the same area showed approximately 3.5 square
yards for each redd.

The behaviour pattern was essentially the same as that reported
in the Annual Report for 1953. The only obvious exception was that there
was much less substitute male activity this year. A typical spawning unit
this year was one male to one female during the major spawning period and
generally four or five partially spent males to each female during the later
stages of the spawning period. At no time this year or last year was actusl
deposition witnessed. ,

7. Sex ratio experiments. D. MacKinnon

Three pens, each measuring 10 feet by 6 feet with four-foot picket-
type walls, heavy screen bottoms and removable screen tops were constructed
to confine spawning sockeye. These pens were set in the water near the
mouth of the west channel of Williams Creek at a point where a 1lO-inch layer
of gravel on the bottom of the pen provided a water depth of 18 inches.
Ripe sockeye taeken from the Williams Creek fence were tagged distinctively
and put in the pens in such a way that one pen had a surplus of males (6
males to 2 females), another had a surplus of females (6 females to 2 fe-
males) and & third had an even sex ratio (4 males to 4 females). Observa-
tions were recorded at least once a day until all fish were dead. Samples
of the eggs in the gravel of each pen were taken at the end of the experi=-
ment,

The salient observations were:

(a) Fish paired and spawned in all three boxes

{b) The pens were large enough to support a maximum of 3 redds.

{c) The 3 surplus females (without room for redds) were vigorously attacked
by the 3 territory-defending females and died unspawned within 3 days of
confinement. The 2 males and the remaining 3 females spawned completely.

(d) The 4 surplus males (without mates) also died within a week. However,
3 of them died spawned out while the fourth died 2/3 spawned. The interest-
ing feature is that at no time during observations were these surplus males
seen to enter into the spawning act. They gathered at the downstream wall
of the pen as did the surplus females mentioned above. This suggests that
deposition of fertilized eggs takes place at night.

(e) In the control pen one fish of each sex died within a few days of being
introduced into the pens. Again the female died unspawned while the male
had spent 2/3 of its milt.

(f) The redds in both the control pen and in the pen with surplus females
were in ldentical positions. One redd was slightly upstream from centre
and the others were at the extreme left and right sides of the downstream
end., Presumably water flowing through the upstream redd would miss the two
downstream redds.
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(g) Approximately 3,000 eggs were recovered from the gravel of each pen by

redd sampling. During sempling, it was noted that the eggs were in concentrated
groups at the very bottom of the gravel, It was surprising to find in each

pen the main source of eggs was the extreme right and left sides ahout 3

feet above the downstream end. Observations consistently showed the chosen
position of the dominant female to be slightly upstream from centre. A com=
parison of the efficiency of fertilization will result from the analysis of

the egg samples.

D. Sockeye production at Lakelse Lake, 1944-54, M.P. Shepard

With the completion of the 1954 sockeye smolt enumeration, 6 years?
data relating depositions of eggs with resultant smolt outputs have been ob=
tained. From 1944 to 1952, the estimation of annual egg depositions involved
spawning ground surveys in conjunction with tagging programs. The results
derived in this period are therefore approximations, subject to considerable
error. In the past three years, the establishment of sound enumeration tech-
niques, including fences, has permitted detailed studies on estimation methods.
The application of the new knowledge to the assessment of old data will bring
about extensive revisions in the estimates of spawning escapements made in the
past, The reassessment work is in the preliminary stage and .cannot be reported
on at this time, Dependable informuation on the magnitude of 5 smolt runs is
available, The estimates of adult runs from 1952 to 1954 are also considered
to be accurate. In addition to these measures, the first estimation of the
total fry output into Lakelse Lake was made this year (see section A of the
Lakelse report). In the following table the known production figures are
summarized:

Brood Adult Potent ial Av., weight Percent sur-

year run deposition Fry Smolts of smolts vival from
(grams) egg to smolt

1944 E = - 557,000 4,57 =

1945 = = - 373,000 - =

1946 -3 % - -4 = %

1950 4 x - 596,000 5,60 E

1951 -3 = - 394,000 5,75 3

1952 12,000 21.6 x 106 - 379,000 5.55 1.8

1953 9,300 19.9 x 106 1.5x 106 - - -

195¢ 17,700 17,5 x 105 - - - -

% Estimates are being re-examined and corrected; revised data are not yet
available,
= No data taken, or data not yet available.

Two general conclusions may be drawn from the data:

(a) The size of the smolt run at Lakelse has varied within rather narrow
limits (mean = 460,000, range 373,000 to 596,000), It is not believed that
the estimate of the 1948 smolt run (1946 brood-year) will deviate seriously
from this general order. Whether or not this lack of extreme variability is
due to a relative constancy of the spawning escapement cannot be determined
until amended estimates of the adult runs of 1944 to 1951 are made.

(23
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(o) Unlike the smolts of certain other areas (e.g., Babine and Cultus Lakes,
B.C.), there is no clear-cut relationship between the size of individual
smolts and the megnitude of runs. At Babine and Cultus, an inverse relation-
ship existed between smolt size and the number of emigrants.

E. Limnology of Lakelse Lake. R.J. LeBrasseur

The emphasis of the 1954 limnological progrem has been on the as-
sessment of past plankton sampling methods and the characterization of water
circulation in the lake. These studies are directed towards the development
of a routine deseription of the environment of the young sockeye during their
year-long stay in the leake.

Efforts are being made to summarize past data on plankton abundence,
water temperatures and meteorology.

l. Plankton.

As in the past, the plankton progrem was aimed at assessing the
gize of the entomostracan crop. This year criticel studies on plankton
sampling methods were carried out as well as routine samplings of the crop.
Bi-weekly sampling was undertaken throughout as much of the year as possible
to give a picture of the relative magnitude of the crop and of seasonal varia-
tions in the crop size.

Sampling methods. In last year’s Annual Report, it was suggested that
B.C.-Wisconsin~type plenkton nets were inadequate for quantitative sampling
of plamkton populations. To test the efficiency of the nets, a pump was
used to sample plankton concurrently with standard net sampling.

The disadvantages of quantitative sampling with the net which are
obviated by the pump are:

(1) clogging of the meshes and the resultant back flow;

(2) the volume of water is not accurately known;

(3) the initial disturbance of the water column caused by the
lowering of the net;

(4) the presence of the tow rope which could disturb the plankton;

(5) the difficulty of obtaining samples from a given level.

To compare the sampling efficiences of the net and pump, twelve
gseries of duplicate semples were taken. The calculations of the density of
the most predominant entomostracen, Cyclops sp., based on the net samples
were 23% lower than similar computations from the pump samples.

To test the reliability of one sample, taken either by net or pump,
replicate hauls were made at one station. The variations between the replicate
hauls with either equipment in the same area and at the same time were nearly
equal (standard deviation = approximately 10% of the mean for large counts).
The observed variations were greater than if the discrepancies had been due
solely to sampling error; the plankton counts do not conform to the theoretical
distribution. However, the observed variations are not excessive, and it 1is
likely that gross changes in the seasonal or annual density of plankton cem
be detected by the present methods.

It has been suggested that sampling at the deepest station would
give an adequate representation of the plankton in the lake as a whole. To
test this, comparisons of the average concentration of plankton for a number
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of stations with the concentration for the deep-hole station were made.
Examination of past and present data (1949-54) shows that the ratio between
the deep-hole station density estimates and those for the lake as a whole
varied between 0.13 and 2.27. The mean was 1.1l and the standard error was
0.105.

These studies, and further analyses yet to be carried out, will
rermit a critical analysis of ten years of plankton collections at Lakelse.
The prime purpose will be to establish whether or not annual variations have
occurred in the abundance of Lakelse plenkton and if so, whether or not these
changes in density are associated with variations in the output of sockeye
smolts from the lake.

The design of an effective routine sampling program awaits comple-
tion of the analyses. At the time of writing, extensive sampling is being
underteken on the fall populations of plankton at Lakelse, using a Clarke-
Bumpus sempler, and dry-weight analyses of the samples are being carried out
as opposed to the present net sampling and counting methods.

Distribution studies. Partial analysis of the sampling data (involving
80 samples taken at night at 5 to 11 stations) indicates that the distribu-
tion of plankton in the lake was similar to that noted in previous years
(see V.H. McMahon, J. Fish, Res, Bd. Can. 11:1954); the concentration of
- plankton increased from the south to the north end of the lake. As in other
. years, the spring concentrations of the dominant species (Cxclopa 8Po, is=
chura spp.) were higher than during the summer.

Examination of the influent streams for plankton showed that only
Clearwater Creek, which drains two lakes, had plankton. Plankton samples
taken in the Clearwater lakes showed that the plankton was very sparse, only
Cyclops, Cladocera and insect larvae being found. Semples were also taken
at the Lakelse River fence. Qualitative analyses of these samples indicate
that a considerable volume of plankton is lost to the river. Further analyses
of the present data supplemented by another summer’s sampling should provide
an accurate picture of this loss and yield very valuable information on the
distribution of pleankton in the lake. Comparison of plankton distribution
and currents will be made when counts of the late summer plankton samples
have been completed.

Acknowledgement is made of the very valuable assistance given by
Mr, V.H. McMahon. He was responsible for nearly all the identifications and
counts made of the entomostracan plankton during the summer as well as help-
ing in other ways.

2., Physical-chemical environment .

(a) Meteorology. Meteorological data from 1944 to the present are being
abstracted. They include observations of air temperature, surface water
temperature, wind force and direction, precipitation, cloud cover, barometric
pressures and ice cover and lake levels. Data have also been obtained from
the Department of Transport to supplement the Lake observations.

The winter conditions of 1953-54 were quite similar to the long-
term average. The exceptional feature was a freshet in the first week of
February when a sudden rise in temperature was accompanied by heavy rains.
During a 4-day period the lake rose 24 inches. One of the possible results
of the freshet was the movement of trout and char into the Lakelse River much
earlier than usual, and before the River fence could safely be put into
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operation. The summer was cocler (by 2-4°F,.) than the long-term average and
the prevailing winds were more persistent than ususl., The colder conditions
were accompanied by a general lateness in biological events (e.g., smolt run).

(b) Chemistry. The lake chemirtry program was essentially the same as that
for 1953, Data from 1949 to the present have been summarized. The year 1954
shows an increase in nutrients (phosphates and nitrates) over 1953 and 1952.
The relatively complete plankton enumerations and consistent collection of
chemical data in 1954 will show whether the variations in plankton concentra-
tion are associated with variations in nutrients. These determinations await
the completion of the plankton counts now in progress.

{c) Temperature. Lske temperatures are taken bi-weekly at the deepest sta-
tion, A summary of the observations at this Station since 1944 has been pre-
pared. The results are expressed in terms of the mean water temperature of
the 80=foot column of water. The data cover a relatively long period but
they are incomplete, particularly for the winter and early spring months.

In 1954 the bi-weekly mean temperature varied between 1° and 2° F, below the
long=-term average. : :

In a series of replicate plankton ssmples the variability of the
counts was found to exceed that attributable to the sampling technigues.

The question then arose as to whether this variation could be caused by water
movements. To describe the circulation of water in the lake, 14 bathyther-
mograph stations were selected and ohservations were made throughout the
summer., Three series of observations were taken when the prevailing wind
force was greater than one (Beaufort Scale)., Two were taken when the wind
was absent or less than one., By following the distribution of the isotherms,
the water movements could be determined.

The distribution of the surface isotherms for the steady state, a
prevailing southerly wind, shows a piling up of warm water along the east
shore and towards the north end of the lake., Immediately below the warm
water is an isothermal gradient rising from the north end to the south end.
Below this region the isotherms run parallel to the lake surface.

On the basgis of these observations a very general description of
the currents in Lakelse Lake can be postulated. A surface current flows
northward in the direction of the wind. Along the northeast shore vertical
mixing between the warm surface and the colder profundal zone occurs. The
mixed water moves southward along the lake, rising from a depth of 40 to 60
feet at the north end to the surface at the south end. The water of the pro-
fundal zone shows no horizontal movement and only slight vertical mixing.

During the period of calm the isotherms all run nearly parallel
to the surface and the once cold areas of the shallow south and west shores
now have the warmest water. This is probably a result of more efficient
heating in the shellow areas than in the deeper zones. The only evidence of
horizontal flow is in the region of the outlet of the lake. The river dis-
charge, as in the former case, is made up largely of the very warm water
found along the southwest shore. Only one observation of cold water moving
down the river has been made., In this instance the movement of water was
from a region of upwelling off the southeast shore, at a time of south winds
with a Beaufort force greater than three.

Attempts are being made to relate the distribution of the plankton
to the known circulation patterns. The completion of late season plankton
counts are required before further analyses can be made,
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F., Fishes of Lakelse Leke. T.H. Bilton and M.P. Shepard

Studies of the fishes have centered on the description of the life
histories of the piscivorous species present in the lake., The emphasis of
the 1954 progrem has been on increasing the prescision of estimates of the
adult cut-throat and squawfish populations of the lake, As field work is
continuing at the time of writing, opportunity for analysis of this year’s
results has been restricted. Utilizing knowledge gained from the routine

program, plans are being laid to conduct a final intensive study of the lake
fish (including juvenile fishes) preparatory to the conduct of a fish removal
program. In view of the low seeding at Lakelse this year, tentative plans
for a squawfish removal program in 1955 have been postponed until 1956.

l. Gill-netting experiments. T.Ho Bilton and M.P, Shepard

A standard gill-netting program, aimed at establishing the relative
densities and compositions of laeke fish populations was initiated in the fall
of 1952, All parts of the lake are sampled with approximately the seme in-
tensity three times a year; in the spring, in the fall and in the winter.

The catches of major species per net-night are compared in the table below.

Spring Fall Winter
Species 1953 1954 1952 1953 1952-53%  1953-54

Peamouth 3,70 3.72 4.98  1.77 - .01
cut“‘throat 1 039 O 082 l 067 1 069 o 950
Squawfish 0.65 0.69 1.48 0.65 - 020
Dolly varden - 0.10 0.18 1.51 0.33 - 015
Average water

tempel‘ature lOo O g 07 12 oo 9 017 - l 90

X Lack of solid ice during the winter of 1953 prevented netting.

Before fnterpretations on the relative abundance of the various
species can be drawn from catch data, the sources of variability associated
with gill-net sampling must be clearly understood. Some of the factors
affecting the catch/net-night for eny series of sets-are outlined below:

(a) Sampling error. In the Annual Report of 1952 data on the variability
of individual sets and of netting series involving up to 36 sets was pre-
sented., The 95% confidence limits on the mean catch of such series were
approximately X + .25X.

(b) Distribution. The catches will reflect the presence or absence of fish
at the sampling stations. For example in the table above, the low catches
of dolly varden observed in the spring are probebly due to the emigration of
these figh from the leke.

(¢) Activity. The number of fish caught in gill-nets is undoubtedly affected
by the behaviour of the various species at the time of netting. Wide-ranging
and rapidly-swimming fish will tend to be caught more often than fish whose
movements are localized and not rapid. In this respect, lake temperature amnd
the stage of maturity of the fish will affect the catches. In the table
above, it will be noted that the fall catches of peamouth, squawfish and dolly
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varden were much higher in 1952 than in 1953. The chief difference in the
environment in these two years was in water temperature. It is postulated
that the higher catches of these three species in 1952 were due primarily
to the stimulating effect of higher temperatures. Flots of catches per net-
night against water temperature suggest that peamouth and squawfish are most
affected by temperature.

It will be noted that the catches of cut-throat were almost equal
in the fall of .both years. Study of gill-net and trap-net data show that,
with the exception of the early spring spawning period, ocut-throat maintain
a similar, dispersed distribution throughout the year. Evidence from experi-
mental sets also indicate that cut-throat are wide-ranging. Repeated sets
at a single position tend to deplete local populations of peamouth and squaw-
fish, whereas continual recruitment of cut-throat into a local area prevents
depletion of this species. It will also be noted that seasonal variation in
cut-throat catches is less than variations in the catches of other species,
suggesting that the effect of temperature on the activity of cut-throat is
less than that on the other species involved. These data suggest that the
habits and activity of the cut-throat are less affected by seasonal environ-
mental changes than those of the other species and that as a result, catches
of cut-throat are less subject to variability than those of the more sensitive
fish,

The relatively low catches of all species in the winter months prob-
ably reflect the restrictive effects of cold temperatures on their movemsnts.

As yet there is no clear-cut reason for the discrepancy between the
peamouth catches of the fall of 1953 and the spring of 1954.

(d) Abundance. From the foregoing descriptions of some of the sources of
variability in gill-net sampling, it is apparent that a very thorough know-
ledge of the factors affecting "catchability® is needed before quantitative
assessment of relative abundance is possible. In conjunction with marking
programs, and limnological investigations, it is felt that within +two years
sufficient standard set series will have been made to permit falrly precise
annual estimations, based solely on gill-net results.

While the data collected in the past two years are scarcely suf-
ficient to draw conclusions on population changes during that period, certain
suggestions can be made. Limnological conditions during the netting carried
out during the 'springs of 1953 and 1954 were quite similar; the catches of
all species, excepting the cut-throat of 1954, were quite close in magnitude,
suggesting that these populations had not changed in size in the past year.
The 1954 cut-throat catch was only 60% of that of 1953. Although analyses
of marking data for 1954 are not yet complete, there are preliminary indica-
tions that a decline in cut-throat abundance did occur.

2. Marking experiments. T.H. Bilton and M.P. Shepard

In last year’s report, tentative estimates of the size of certain
predator and forage fish populations were presented. In the fall of 1953 and
the spring of 1954 further marking experiments were conducted to increase the
precision of these estimates. Information on the recovery of marked fish and
the computation of population sizes awaits the completion of this year®s field
program {in late November).

Marking of dolly varden and cut-throat trout was conducted at the
Lakelse River fence in October of 1953, Marking and tagging of dolly varden,
cut-throat and squawfish taken from trap nets in the various influent streams
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and along the shoreline of the lake was carried out from April to July of
1954, 1In all 2,866 predator fishes were marked or tagged. To date, 217 re-
coveries have been made and subsequent samplings should add to this number
by approximately 50%. Thus about 10% of the fish marked during the 1953-54
season will probably be recaptured by the end of November., The results of
these experiments combined with data on the continuing returns from the 1952
marking experiments should increase the precision of the population estimates
greatly.,

Cursory examination of the marking and tagging data reveals the
following information:

(a) Cut-throat trout marked in Lekelse Lake have been recaptured at the
Lakelse River fence. To date only two such recaptures have been made. No
fish marked at the river fence, .either inm 1952 or 1954, have been recovered
in the lake. These data suggest that while there is some mixing of lake and
river populations, the interchange is not great.

(b) Dolly varden marked at the river fence in the fall were recaptured in
the lake during the same fall and again at the river fence the following
spring, indicating an annual migration of some of the fish to and from
Lakelse Lake, In the fall of 1952, there were two unconfirmed reports of
marked fish being taken in the Copper River (approximately 12 miles from the
mouth of the Lakelse River). Further evidence of the mixing of Lakelse dolly
varden stocks with other groups of fish in the Skeena River was obtained this
year., A tagged dolly varden released downstream from the Lakelse River fence
was recaptured at Telegraph Point near Prince Rupert, approximately 80 miles
from the point of tagging.

(¢) Squawfish and peamouth marked in 1952 again tended to return to localized
areas ie..g09 Mailbox Point, Hotsprings Creek) to spawn. The implications of

this finding in the design of a fish removal program are evident.

3, Creel census, 1954. T.H. Bilton

The creel census began its fifth year on May 5. As in past years
as many fishermen as possible were contacted. From each, the following in-
formation was collected; the number of hours fished, the numbers of each
species of fish caught, time of catch, type of bait or lure used, area in
which fish were caught, the weather and number of marked or tagged fish re-
captured. When time permitted, all the fish in each angler’s catch were
sampled for length, sex, state of sexual maturity and scales.

.{a) The catch,

Cut-throat. Following a general trend over the five-year period of
the creel census, the catch per hour of cut-throat taken in the lake rose
above that of past years and the catch per hour on the Lakelse River (drain-
ing the lake) dropped to a new low, In the table below, the catch figures for
the past five years are summerized. The drop in the river catch is no doubt
a true reflection of the abundance of the trout at the time of angling; the
count of cut-throat at the Lakelse River weir has dropped for the last two
years. As mentioned in last year®’s report, the great majority of the angling
is restricted to the area of the river upstream from the weir. As in 1953,
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it is felt that the low return to fishermen angling above the weir was due

to a shift in the concentration of fish from above to below. The increase

in the catch per hour on the lake cannot be assessed until marking and tag-
ging data are analysed. Preliminary evidence from the population estimate

program suggests that the increased catch in 1954 was due mere to a change

in availability of the fish than to a change in abundance,

It was estimated that approximately 40% of the anglers fishing at
the lake were contacted. Thus, assuming that those contacted were representa-
tive of all fishermen, the total number of fish examined would approximate
40% of the total removal of cut-throat. On this basis it is estimated that,
in 1954, anglers took about 1,650 cut-throat from the lake.

Dolly varden. Capture of dolly varden was restricted to the river.
The catch per hour was theé second highest observed in the 5 years of the
creel census. The recorded catches are not true measures of the number of
dollies caught; in years when cut-throat catches are good, anglers tend to
return dollies to the water, while in years when cut-throat catches are low
(e.g., 1954) anglers retain the dollies rather than return home with few or
no fish,

Location  Year Hours Cut-throat Dolly varden
fished Observed Catch per Observed Cateh per

catch hour catch hour
River 1950 409,5 574 1.40 ~20 .048
1951 382 .0 418 1.08 88 «230
1952 821.5 912 1.11 391 .899
1953 883 625 0,71 242 274
1954 482,.5 306 0.64 158 .328
Lake 1950 - 647 668 1.03 13 2020
1951 442.5 383 0.82 8 .018

1952 620 669 1.08 0 0

1953 415 534 1.29 0 0

1954 185.5 355 1.93 0 0]

(b) Catch figures and population abundance.

Whether or not catch per effort accurately reflects the abundance
of fish in the lake depends, in part, on the extent to which factors other
than abundance influence catch. Analyses of data on cut-throat catches from
1950 to 1953 were carried out to determine to what extent various factors
such as meteorology, gear and skill effect the catch figures. The following
conclusions were drawn:

(L) The success of angling was not clearly related to weather,
time of day or gear.

(2) The catch per hour of individual fishermen varied greatly.

By classifying anglers according to their fishing experience and local know-
ledge into "good, medium and poor" groupings, it was found that the catches
of the ®good® anglers were the least variable. From these studies it is
felt that the catches of the experienced residents, fishing the lake in a
similar manner each year are more likely to reflect changes in abundance
than the combined catches of all types of anglers. The average catch of
these ™good® anglers has remeined relatively constant over the period 1950-
1952 (average catches per hour: 2.29 in 1950, 2.05 in 1951 and 2.26 in 1952,
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no breakdown available for 1953), suggesting that there was mo radical change 2
in the cut-throat population during these years.

(¢) Rates of exploitation

It was estimated (see Annual Rgport, 1953) that the catchable cuf-
throat population of lekelse during 1952 and 1953 was approximately 20,000
(approximate limits 14,000 to 34,000). In these years the annual removal
of trout by anglers averaged 2, 100 fish, suggesting a rate of exploitation
of about 10,54 (approximate 1imits 6.2 to 15.0). ,

PORT J OBN J .G. Hunter

At Port John, in the central coast area, the operation of a system
of counting fences presents an unusually complete picture of the losses
ocourring at various stages of the freshwater life-history of the sockeye
salmon population. Enumerations are made of the number of adults entering
fresh water from the sea, the number of adults reaching the spawning
grounds, the number of fry moving into the nursery lake and the number of
smolts moving to sea two years later. The data, gathered in the past 5
years, have indicated that the rate of production of smolts is, in some
years, higher than in any other area previously studied. The biological
implications of this finding have yet to be assessed in detail and must await
the gathering of comparable material from other areas (e.g., Lakelse Lake,
B.C., Bare Lake, Alaska).

A. Adult sockeye salmon escapement, Port Johm, 1953

Adult sockeye at Port John began their upstreem movement in Hooknose
Creek on June 18, Hooknose Creek is 1.5 miles long so that the fish need
spend very little time in the stream before passing into the lake. The first
sockeye entered the main spawning stream, Tally Creek (tributary to the lake),
on August 30. Therefore, the maximum time spent in the lake before spawning
must have been at least 73 days. Data in the following table suggest that
considerables numbers of salmon are lost through natural mortality during this
extended pre-spawning period.

Total
Jacks Males Males ©Females Total
Hooknose weir count 559 1,279
Computed Hooknose composition 559 256 815 464 1,279
Accounted for above Hooknose weir:
Through Tally Creek weir 405 163 568 295 863
Estimated spawned below Tally ;

Creek weir 5 15 20 13 33 *
BEstimated spawned in other streams 19 14 33 13 46
Dead at Hooknose weir 2 -2 4 2 é

Number accounted for 431 194 625 323 948
Number unaccounted for 128 62 190 141 331

Percent loss 24,66 24.22 23,31 30.39 25,.89
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I% i8 not possible to determine at the Hooknose Creek weir the sex
of thosse sockeye which enter early in the season; counts at the Hooknose
weir distinguish only ®jack® salmon from the remainder. The numbers of males,
apart from "jacks®, and females entering through Hooknose weir are calculated
from the ratio of malss and females found in Tslly Creek at spawning time,

deposition. Eight females were examined for egg content and

108 were examined for egg retemtion. Thirteen entered Tally Creek but failed
to spawn., Deposition and egg loss are shown in the following tabulation:

Number of Average egg Potential Percent egg loss
femalss spawned cont ent deposition by retention

Tally Creek 274 2,809 769,666 0.73
Remainder of lake 33 2,809 . 92,697 0,73
Total 307 2,809 862,363 - 0,73

The total run of sockeye salmon into Port John this fall was about
average when compared to runs of previous years. The same percent of tpe
total Port John run entered Tally Creek as in the year previous and the
percentage loss of sockeye in the lake is the same as in the previous year.

B. Production of sockeye salmon fry at Port John in 1954

Sockeye fry began their downstream movement from 'wally Creek into
Port John lake on April 12 ami 957. of the migration was campleted by June 10,
The time required for egress was a full month longer than in the preceding
year. From a potential deposition of 769,666 eggs in Tally Creek in 1953,
103,040 sockeye fry emerged to pass downstream. This production from Tally
Creek constituted a 13 o47o survival which, though not the greatest survival
recorded, is considered high,

The total production of fry for the whole lake area, bassd upon
this persentage survival, was 115,450 fry. Mortality from fence operations
removed 489 of these fish, leaving an estimated total of 114,961 sockeye fry
in Port John Lake.

This number of fry is the largest yet recorded entering the lake.

Stream tempsrature and water-level readings are available for the
period of fry migration.

Co Sockeys smolt production at Port Johm in 1954

Sogkeye smolts commenced their downstream movement through Hooknose
fence on April 12, reached a peak near May 10 and completed their egress by
June 10. A count of 19,483 smolts was recorded. Before assigning the
gmolts to the appropriate brood-year egg deposition and fry release, the ages
must be determined. This is now underway.

O0f the total smolts, 31 were killed by fence operations, and 101
merked f£ish and 189 smolts for age analysis were removed from the run, A
total of 19,162 smolts was released to sea.

In the spring of 1952, 5,075 sockeye fry were marked by the removal
of the two pelvic fins to confirm the reading of l- and 2=year scales. The
returns of marked fish from this release are as follows:
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Year Age Number of marks recovered " Percent of all returns

[

1953 1 21 ‘4  4.03
1954 2 500 95,91

These 521 mark recoveries constitute a 10 .3% survival from the 5,075
narked fry. It has been shown from both scale reading and length frequeney
distribution that the greatest part of the Port John smolt run is made up of
2-year-0ld smolts. Survival of unmarked fry to age II smolts varies from
approximately 30 to 60%. This suggests an additional mortality has been
incurred by marking the fry. ' .

SOCKEYE SAIMON SAMPLING D.R. Foskett

This study continues the analysis of samples taken each year from
the Nass River, Skeena River, Rivers Inlet and Smith Inlet sockeye salmon
catches which was begun by the Provincial Fisheries Department in 1912, The
age and size composition are determined each season, and also the sex ratios,
to build up a very useful series of data on the changes in the composition of
the catech from year to year. For the Rivers Inlet area a special study is
being made of the composition of the spawning escapement to determine in
what respects the gill-net fishery may be selective and influence the per-
petuation of the populations. A survey has also been made, for the last few
years, of the size of the escapement and its distribution to the many
spawning areas in and tributery to Owikeno Laeke. The Rivera Inlet area
represents a sockeye-producing region as yet little affected by logging, etec.,
and in that respect represents an opportunity to follow the effect on salmon
streams and on salmon production of removal of the forest cover, whenever that
cormences .

A. Bockeye salmon catch sampling

The snalysis of the 1953 catch samples has been completed and paper
No, 39 in the series "Contributions to the Life History of the Sockeye Salmon®
has been prepared and submitted to the British Columbia Department of Fisheries
for inclusion in their Annual Report for 1953. An outline of the information
given in this paper is presented below. The 1954 samples have not yet been
completely analysed. Data on the percentage of the various ages in the
samples, however, are included for comparison.

1. Nass River sogkeye

A total of 1,694 sockeye was sampled from the 1953 Nass River spckeye
cateh of 18,162} cases., Of these 45.7% were in the 53 age-group, 22.8%.in
the 45 age-group, and 210570 in the 5, age-group. These figures agree;fairly
well with those of 1952 when the respective percemntages were 46, 28, and 19
and are not too far from the averages for the previous 10 years which were
52%, 22% and 13% respsctively for the 53, 4p and 52 age-groups.

The 1953 sockeye were relatively large, the 53 fish coming very close
to the largest recorded since 1941 in both length and weight in both sexes.
The 4, male fish equalled the length records and exceeded the weight records
of the previous 12 years while the femals fish of the same group, though
slightly under the previous length records, exceeded the average weight
records for the same period. .
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The sex ratio was fairly normal, the percentage of males being 46,
50, and 44 in the 53, 4p and 57 age-groups respectively,

The 1954 sockeye samples in the Nass River area consisted of the
same three main age-classes in the same order of relative abundance. They
varied only slightly in the percentage of abundance, the percentages being
40,1, 35,0, and 20,1, respesctively, for the 53, 4 and 5» age-groups,

2, Skeena River sockeye

The 1953 Skeena River sockeye sample consisted of 2,121 fish from a
catech yielding 65,003 cases. This catch was approximately 5,000 cases below
the average for recent cycles. Two age-groups, 4o and 53, formed 90% of the
catch sample, the former being 4800% and the latter 42.8% of the total,

These percentages show a variation from the average situation, the percentages
for the previous 10 years averaging 34% 4, fish and 62% 5z fish. In length the
fish compared very favourably with those of previous years, exceeding length
records of the past 12 years except for the 4, males, which were exceeded only
by 0.1l inch by the 1952 sample. In average weight the fish in these two age-
classes exceeded the samples of the past dozen years.

The 1954 Skeena River sockeye sample was very similar to that of 1953,
the two dominant age-groups again being the 4, and 52 groups and the
percentages being the same as in 1953, namely, 48 and 43 respectively.

3. Rivers Inlet socksye

The Rivers Inlet sockeye catech in 1953 was mainly the retwrn of the
1949 spawning, 73% of the sample being 4 age-group fish and 26% being 52
ageé=group. The catch of 132,925 cases, the fifth largest for the area, was
the result of a very heavy spawning since the poor catch of 39,495 cases in
the cycle year, 1949, was a reflection of poor weather conditions affecting
the fishery rather than of a poor run. The 4, fish were fairly large though
less than the averages of the same group in 1951 and 1952, However, the 5;
sockeys in the sample exceeded the records of the past 12 years in both
length and weight. Sex ratios again showed the prevalent trend of this and
the Smith Inlet area in that males were in excess in the 4, age-group and
females in the 55 age-group. Though it does not show up in the commercial
catech records, spawning-ground surveys reveal that in some years at least,
large numbers of males mature at 3 years of sage.

The 1954 catch sample was composed of 59.8% 42 fish and 38.8% 5,
fish, indicating that the main return was from the 1950 spawning and the bulk

of the remainder came from the 1949 spawning. The 1950 spawning was largely
b=year-old fish whose progeny may be expected to return chiefly as 5=year
fish in 1955. The 1949 spawning was predominantly 4-=year fish whose progeny,
returning in 1953, were chiefly responsible for the large pack in that year.
Thus, with no large segment of either population dus to return in 1954, the
result was the small run experienced this year.

4, Smith Inlet sockeye

) The 1953 Smith Inlet sockeye sample was comprised of 89% 4, age=group
fish and 10% 5, age-=group fish. As in the Rivers Inlet area, the Ez fish were
fairly large but did not meke any records while the 52 age-group eithser
equalled or exceeded the length and weight records of recent years for both
sexes. This would suggest that oceanic conditions are similar in the feeding
areas of both these large central area runs.
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The 1954 Smith Inlet sockeye sample was also dominated by 4, age=-
group fish but the percentage of 60.7 was considerably lower than that of the

1953 sample. The 5, group was represented by 37.9%.

B, Rivers Inlet area - special studies

Scouring conditions due to heavy rains and consequsnt flash floods in
the Rivers Inlet area during the spawning survey trip in 1953, though not
severe enough to affect the redds, did reduce the number of spawned-out fish
available for sampling on certain streams and thus satisfactory comparisons
of catch and escapement could not be made., Plankton samples were obtained,
however, for study of lake productivity, and for comparison with other sockeye
nursery areas,

Sockeye runs in the Rivers Inlet area are often dominated by one age-
class in both the catch and escapement, this situation being particularly
noticeable in the very large runs which have resulted in catches of over
100,000 cases. These runs tend to perpetuate themselves, those dominated by
4-year-old fish returning in 4 years and those dominated by 5-year-old fish
returning in 5 years. This seems to indicate that the age of maturity of
these sockeye has a genetical basis. In addition, the fact that the
majority of large runs in the Rivers Inlet area are predominantly of one age-
class would suggest that perbaps there is a greater percentage survival of
eggs when both parents are of the same age than when they are of different
ages. A small expsriment was initiated in the Rivers Inlet area this fall to
test this hypothesis; it could not be carried out in duplicate, however, as
originally plamned. Spawnings of each age-group were made, together with
reciprocal crosses. The eggs were placed in baskets and buried in the gravel
of one of the streams. Results will be determined by the percentage of eggs
hatched .
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As was stated in last year’s report, the work of this investi-
-gation is mainly directed to establishing facts, principles and prodecures
which can be used (a) in diagnosing the biological condition of a fishery;
{(b) in determining the effectiveness and feasibility of remedial or improve-
ment measures; and {c¢) in prediction of abupdance from year to year or over
longer pericds, ‘

In recent years these studies have been mainly carried out at
field stations located at Nile Creek on Vancouver Island, and at Port John
near Ocean Fells. During 1954 the Nile Creek field station was closed since
it was felt that it had substantially fulfilled its original objectives and
that the freeing of personnel and funds would psrmit a broader attack on
problems which are regarded as particularly important.

One such problem is represented by the recurrent question: What
constitutes an optimum, or at least a desirable escapement of salmon? It
is felt at the present time that information in this field can be accumu-
lated more rapidly by comparative data from streams with different densi-
ties of spawning populations then by an intensive study of a single locality.
Another long-standing problem is the non-occurrence of pink salmon in alter-
nate years in certain important fishing areas and the lack of clear under-
standing as to the cause of this absence and the possibility or otherwise
of remedying the situation,

A contribution to the former problem can be expected from the
appearance at Port John in 1954 of an escapement permitting examination of
much higher densities of spawning fish than have hitherto been under obser-~
vation at this station. An experimental introduction of a missing cycle of
pink salmon is being made in a tributary of the Fraser River, Neither of
these projects is reported elsewhere in the present account, since the
initial field work is only now in progress.

In the present report, the year®s activities have been grouped
into four categories, the two field stations being separated from studies
which are not or are only in part carried out at these places. The cate-
gories are artificial, since major contributions to "Spawning Ground
Studies® have been made at Nile Creek and Port John and "Applied Studies®
also make use of information derived from these sourses., Individual inves-
tigatoxrs have spent varying pericds at the field stations and elsewhers,
their work being distributed as seemed in best accordance with the general
objectives outlined in the firast paragraph above,

An extension of the pink and chum salmon imvestigation to include
a limited programme of “Ocsan Studies™ was proposed for 1954-55., This was
to have included observations on the distribution and growth of young salmon
after reaching the sea and on the selective effects of the fishery on the
maturing fish, Limitations of funds and personnel prevented adoption of
this project.

NILE CREEK : W, P. Wickett

This field station on the southeast coast of Vancouver Island was
operated from September 1945 to July 1954. Data on the freshwater survival
of chum and pink salmon have been recorded for the natural populations and
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for eggs in an area protected from water fluctuations. Large changes in
water flow can take place because of the nature of the watershed. The
lower two-thirds of the Nile Creek watershed was logged from 1932 to 1938
by the large, clear-cut method. In 1938 a severe fire destroyed old vege-
tation on the logging area. The area is now fully reforested with trees

6 to 8 feet high from 1941 and 1945 seedlings.

The program of assessment of natural survival acts as a control
for studies on incubation improvement. A change from the previous years
was made in 1953, Adult salmon were carried in fry cans from the weir to the
controlled-water section so that the eggs could be planted by the fish.
The experiment was not carried out as planned because the supply of fish
was very small and bears removed completely both live and dead fish.
However, useful information on survival at a low spawning intensity and
on spawning behaviour was cbtained.

A, Adult studies, 1953

Both pink and chum runs showed very small ocean survival. The pink
run replaced itself but the chum run was only 44 fish. The coho run of
524 fish was the second largest to date.

The female pink salmon were very small and some escaped through
the pickets of the trap. OCounts of live and dead fish indicate that an
estimate of 48 females would be the maximum,

Data on 1953 survival in the sea and egg depositicn are as fol=-

lows:
Ocean .

Brood year Adult return survival Egg count _Egg deposition

migrants Male TFemale Total % per female Natural Protected
Pink 51,038 s8 48% 10658 0,23 18008 48,600 37,800
Chum 32,747 30 14 44 0,13 2500% 22,500 5,000
Csho 5,950 284 240 524 8,8 2900 702,000 =
& Estimated

B. Fry studies, 1954

For the third consecutive year winter conditions were favourable
with no extremes of temperature or discharge. The combination of favoura-
ble conditions and lack of competitors for spawning sites explains the high
survivals recorded.

The protected pink salmon eggs (i.e., from fish spawning in the
controlled-water section) were deposited in very unfavourable, dirty and
compacted gravel. The corresponding chum eggs were deposited in loose
relatively clean gravel. The salmon were removed by bears after most of
them had spawned, so that the interference was not too great. Three of
the pink salmon died unspawned and this loss is accepted in the production
rercentage though not in the emergence percentage.
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The coho fry counts have little meaning since there is no com-
plete migration through the weir at this stage, but the yearling migrants
count is again apparently related to rainfall.
Data on 1953-54 freshwater survival are as follows:

Migrants
Percent
Eggs survival
available Percent during Percent

in 1953 emergence Live Dead Total migration output

Pink
Natural 48,600 38.4 14,422 1,322 15,744 61.1 32.5
Protested 37,800 14,5 3,933 16 3,949 84 10.5
Chum
Natural 22,500 29,3 3,048 12 3,080 46.2 13.6
Protected 5,000 49,2 2,013 7 2,020 82 40,4
Coho Yearlings
Natural 202,000 6,994 - 6,994 0,75

C. Preliminary findings from Nile Creek chum salmon studies, 1945-=53

A study of Departmental reports and an examination of meterolo-
gical recerds indicated floods in brood years could be the cause of large
reductions in subsequent populations. Therefore, two methods of protec-=
ting eggs during the time of maximum floods were devised. In the first
procedure, eggs were eyed in "drip-incubators®™ and then planted in the main
stream above a counting weir. In the second, "green"™ eggs were planted in
a controlled-water-flow section of gravel. Natural reproduction above a
counting welr at the head of tidal influence served as a control as well as
giving information on the level of freshwater survival in this stream.

Preliminary findings are:

1. The movement of chum salmon into the stream is influenced by strong
onshore southeast winds and by rise of water, though the reaction to rise
of water is not so marked as that of the coho salmon,

The percentage of chum reaching the second fence is related to the
mean gauge height during the migration {October-November).

2. From natural spawnings, 1945-52, the percentage production {or
survival from deposition to migration) has been 0,08=7,0%. It varied
with the percentage survivals during the pre-eyed stage, for the four
years that data are available,
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Persent aurvivals
To eysing To migration

1949 0.69 0.08
1947 2,2 0,38
1946 8.2 | 0.40
1948 81.0 6.03

The survival to the eyed stage has been calculated, knowing the
survival of planted eyed eggs and the survival of naturally-spawned eggs
f£6r the full period. The survival for the later stage of both sets of eggs
is assumed to be similar. The planting of eyed eggs was discontinued after
1949, .

' " The importance of survival to the eyed stage in determining the
subssquent output of fry has led to a study of the oxygen asupply to eggs
during their early development. The main demand of the pre-eyed egg on-its
environment is an adequate supply of oxygen. A report now in press on this
phase shows that inadequate oxygen supplies can exist in the gravel,

3, Thse survivals from the eyed stage to emargence from the gravel have
been 18% %o 31%.

4, The survival of the fry from predators duriné downstream migration
has varied from 354 to 62%.

5., Survival in the sea has varied from 0.40% to 1.8%.

6. Survival to emergence is greater in gravel that is protected from
fluctuating water discharge, az shown below:

Percent emergence

Natural 0021-18.0

Pre-syed stage in hatchery; 2.1 <174
remainder in natural stream ° °

Full periocd in controlled
section

5.1 =25.17

7, Freshwater survivals were very low but have improved. Survival in
the sea has been too low to compensate for the low freshwater survival.
This might suggest that reduced fishing effort is required.

D. Observations on pink salmon behaviour

1. Spawning

The actual spawning of Pacific salmon has ssldom been observed and
conflicting views have been expressed regarding the behaviour of the fish
at this time. At Nile Creek the deposition of eggs and milt was clearly
observed from a distance of 6 feet. In the controlled-water sestion a
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partially blind female was paired with a mate also partially blinded by
fungus. Because deposition has not been seen in daylight to the writer's
knowledge, it is assumed that reduced light is porma lly required for the act.

No eggs or milt were observed in over an hour's close observation
while standing in the stream (1,500-1,600 hours). The male would attack a
stable-broom when it was moved within 3 feet of the female. The female
carried out digging around the periphery and in the centre of the redd,
frequently passing under the male after digging. A few eggs were dropped
incidentally during digging. A large male with nomal vision became the
domipant male with inecreasing familiarity with observer and broom. The
latter was made to simulate the actions of a dominant male, The sighted
male was driven off easily but a quite violent blow was required to drive
off the partially-blinded male. The dominant male was inclined to hold
over the redd regardless of the wanderings of the female. After about an
hour and a quarter, the female made a few slow upstream passes through the
centre of the redd. Suddenly the female and 6 males (including the
partially-blinded one) sank into the deepest part of the redd and a dense
cloud of milt was ejected by the males. Eggs were briefly voiled up in it.
After a brief milling, the procedure was repsated. The pattern of
generalized digging by the female, and fighting amongst the males was then
resumed.

2. Fry migration

At night, migrants were observed and timed swimming downstream in
the surface £ilm of that portion of the stream illuminated upstream from the
fence., They followed the path of the fastest moving water, water speed
0.5 ft./sec., Fry speed observed was 2.0 ft./sec. or 1.5 ft./sec. in excess
of current. In addition, marked fry released 400 yards upstream at 2,200
hours were dipped out of the water as they approached the fence 10 to 20
minutes later.

’ In daylight, between 0625 and 0715 P.D.T., a school of 11 pink fry
that bad been prevented from entering the migrant trap was observed to swim
ups;ream into the fastest part of the current, where the velocity was 0.5
fv./88c,

The cruising speed at a temperature of 6=7° C. was calculated as
follows:

Distance fry moved upstream over the bottom = 170 ft.
Time taken 0625-0715 P.D.T. = 3,000 sec.
Water speed = 0.5 ft./sec. = 1,500 f£t./3,000 sec.
Crdising speed of fry = 1,670 £t./3,000 sec. = 0.56 ft./sec.
PORT JOHN J .Go. Hunter

The Port John field station is continuing to provide increasingly
useful data on the relation between salmon abundance and freshwater condi-
tiona. The advantage which it holds over the Nile Creek station (except in
relation to the effects of extreme water levels which the latter was set up
to examine) is due to the larger size of the salmon runs and the greater
variety of species. In addition to providing a quantitative record of
changes in the local salmon populations, Hooknose Creek is being used as a
testing ground for widely applicable methods of sampling and estimating
populations of adult and juvenile salmon,
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Avarage Potent ial Number Percent
Species egg contemt deposition of fry survival

Pinks 1,672 1,464,672 204,250 13.9
Chums 2,741 6,016,495 984,504 16.4

A good correlation exists between percent survival of pink and
chum fry and October water discharge. The cont inued operation of Port John
ig building up a body of statistics permitting comparison and correlation
of different survival values and the factors controlling these values.

Data in the following two tables permit comparison betwsen results of the
different years of operation of the Port John field station.

Pink salmon - Hooknose Creek

Year of Spawning Fry Percentage survival
spawning stoek produced FPreshwater Osean
1947 5,576 33,349 0.9 5.2
1949 1,173 54,061 6.4 3.2
1951 1,670 242,993 16.4 0.7
- 1953 1,599 204,250 13.9 =
1948 1,160 64,312 8.2 3.1
1950 19857 2349396 15 ol 307
1952 8,685 1,227,025 14 4 -

Chum zalmon - Hooknose Cresk

Year of Spawning Fry Pergcentage fresh-
spawning stoak produced water survival

1941 10,191 108,746 1.0

1948 1,022 77,539 704

1949 7.8 44,463 6.2

1950 2,382 431,399 15.1

1951 1,329 269,701 16.9

1952 871 182,200 19.4

1953 4,355 984,504 16 .4

Since chum salmon spawn at different ages, ocean survival cannot
be readily ascertained from a known fry release. A marking experiment on
chum salmon of the 1947 year-class showed an ocean survival value of
2.6%. An average ocean survival for chum salmon can also be shown by the
sum of the adult returns in the years 1951, 1952, and 1953 based upon the
sum of the fry escapements of 1947, 1948, and 1949 year-classes. This cal-
sulation suggests an average ocean survival of 208%0 This survival may be
considered as higher than actually occurred since the 3-year-old
returns from the low and partially marked fry escapements of 1948 have not
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been included while the three-year-old returns from the large fry escapement
of 1950 are included,
Pink salmon ocean survival is slightly more than chum survivael when
returns from the 1951 year-class are not considered, Evidence suggests that
heavy fishing may have markedly affected the normal return of this year,

2. Sampling for pink and chum salmon fry, Port John, 1954

An effort to evaluate the efficiency of small nets in capturing a
sample of the migrating pink and chum fry was made at Port John this spring.

A series of five nets (fyke type) with openings 1 f£t. x 2 f£t, were
placed at intervals across the stream. These nets covered one-third of the
stream width to a depth of one foot., Calculated on the basis of water volume
these nets covered 36% of the stream,

Correlation of net catches and fence count gave highly significant
results for single net catches of both pink and chum fry.

The different nets did not capture fry in the same ratio as volume
of water passed by each net, Nets near mid stream caught more fry. The
relative catches of different nets, although showing a variance, tended to
maintain the same distribution throughout the migration.

Pink and chum fry both showed the same behaviour im relation to
depth in their downstream movement. The top 3 inches of water carried 654
of the fry, the top 6 inches 85% while the top 9 inches carried 95% of the
migrating fry,

A slight time difference between pink and chum fry was noted in
their daily downstresam movements. Neither species began their egress until
dark and then the pink fry preseded the chum fry by about one-half hour,

The nets coversd a total of one-third the stream width, sugges-
ting a factor of 3,00 for ascertaining total fry run from the net catches,
The results actually obtained gave a factor of 3,15,

3., (Goho studies, Port John, 1954

The small run of soho salmon that enters Hooknose Creek cannot
readily be dealt with in a manner comparable to the studies of pink and
chum salmon. Ccho salmon fry continue to pass downstream after the fry
collecting weirs have been removed and replaced by the adult fence used
for trapping the mature pink, chum and sockeye salmon. Although it is not
possible to measure the survival from egg to fry nor from fry to smolt
stage in the coho, some measure of egg to smolt and smolt to adult is pos-
sible, In the spring of 1954, 5,987 smolts were counted out of Hooknose
welir from & ealculated potent.ial depos:lt:lon of 573,648 eggs. This consti-
tutes a survival from eggs to smolts of 0,958%. Survivals from 1949 to
1954 range from 0.645% to 2.152%.

From a release of 3,620 smolts in 1952, 106 jack coho returned
the same fall and 189 mature three-year-old fish in the fall of 1953, This
rmade a total return of 295 adults or am ocean survival of 8,14%. Ocean
survival of smclts from 1946 to 1952 has ranged from 19.09% to 3.79%.

‘"
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SPAWNING GROUND STUDIES W, P, Wickett

As pointed out in the Nile Creek studies, pre-eyed losses seem to
determine the population size of chum salmon. The oxygen supply has been
shown to be inadequate in cervain portioms of the gravel where pre-eyed
eggs have died. Data have been gathered on two phases of the problen,

{a) lethal concentration of O for hatching chum eggs, and {b) development
of a satisfactory model of standpipe for sampling the gravel water for
oxygen concentration and determining the hydraulic head and permeability
in the gravel at the depths that eggs are deposited.

The results referred to above are reported in the sections under
nExperimental Biology" and "Oceanography" as the major portion of the work
was carried out by these groups.

APPLIED STUDIES

In 1953 two projects were undertaken by the investigation in
response to wishes of the Industry and the Department of Fisheries,

The results of these undertakings became known in 1954 and in
the case of one of them represented the main work of an investigator
during the latter year,

A. The 1952-54 pink salmon cycle

Queen Charlotte Islands F. Neave

In the spring of 1953 an attempt was made to evaluate the fry-
migrant production resulting from the heavy escapement of pink salmon which
occurred im the Queen Charlotte Islands in 1952 {see Annual Report, 1953),
Fry runs were sampled during the period of downstream migration in a number
of streams in the Masset Inlet and Skidegate Chepnsl areas. The opinion
was expressed that the fry output was sufficient to produce another large
run of adults in 1954 unless marine conditions proved to be unusually un-
favourabls,

On the basis of the satches made during August and September,
1954, 4t appears that the anticipated large run failed in part to materia-
lize, In the west central area of the Islands catches were greater than
those of the parent year, In othsr areas they were much lower.

The total magnitude of the 1954 rum will not be known until the
size of the spawning escapements to the various streams has been reported.
If the escapements confirm the pattern shown by the catches the marked
difference in survival between closely ad jacent areas will merit further
study, It is recognized that ocean conditions subsequent to the seaward
migration of young fish can bs responsible for discrepancies. It is also
possible that some or all of the Queen Charlotte Island stocks of fish
normally require a higher percentage output of fry to maintain their
numbers than do the fish of the areas from which ideas of reproductive
suffiniency have boen largsly derived.

That there is considerable validity in the principle of fore-
casting adult rums from fry output was shown again at Port John this year,
whewe the advent of a record run of mature fish was ascurately anticipated
from the numbers of fry observed in 1953, It is felt that further study
can rather rapidly improve the usefulness of this prediction technique.
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B. Pink and chum salmon tagging experiments in
Johnstone Strait and Discovery Passage, 1953 Jo. I. Manzer

At the request of the Deparxrtment of Fisheries, pink and chum
salmon were tagged in 1953 in Johnstone Strait and Discovery Passage to
determine {1) the destination and migration period of the different stocks
migrating through these waters, (2) the intensity of fishing to which each
was subjected, as compared with earlier years, (3) the catch in Johnstone
Strait and Discovery Passage of fish migrating to various fishery adminis-
trative areas, and (4) speed and pattern of migration. In Area 12 (Upper
Johnstone Strait) tagging of both species was carried out mainly near Alert
Bays; in Area 13, in Discovery Passage. Since tagging in each area occurred
during the period when 99% of the total seasonal catch was made, it is
unlikely that any major runs were omitted from the tagging. The method of
conducting the experiments was outlined in this Station®s 1953 Annual
Report {page 63). Locations or areas referred %o in this report are shown
in the accompanying figure.

Pink salmon. A total of 3,448 pink salmon were tagged: 1,663
in Area 12 and 1,775 in Area 13. Recoveries made outside the tagging areas
indicate that migration was mainly to the east and southeast. All ma jor
mainland inlets and sounds from Loughborough Inlet to Puget Sound yielded
tags, with the Fraser River producing the greatest number. Limited migra-
tion occurred to the east ¢oast of Vancouver Island.

The migration period of the different stocks through Johnstone
Strait and Discovery Passage overlapped to a considerable extent. From late
July until early September all stocks were present, the important ones being
those to Area 28, Area 16, Washington and the Fraser River. After early
September and until early October only Fraser River fish were found.

Recoveries of fish tagged in Areas 12 and 13 amounted to 45% and
33% respectively. A comparison of these rates with those for 1945 indi-
cates that the fishing rate for Area 18 fish has not changed appreciably,while
that for Area 13 fish has increased from 26% to 33%.

During the main pink salmon season, fish migrating at the begin-
ning and end of the season were exploited less heavily than those migrating

during mid-season,
' The catch of pink salmon in Johnstone Strait and Discovery Passage
during tagging amounted to 4,858,000 fish. On the basis of tag recoveries
the division of this catch according to the presumed destination of the fish
was estimated to be:

Stock : No, of fish Percent
Area 13 Inlets 383,000 7.9
Area 14 : 39,000 0.8
Area 15 55,000 1.1
Area 16 866,000 - 17.8
Area 18 37,000 0.8
Area 28 408,000 8.4
Area 29 2,381,000 49,0
Washington 689,000 14.2

Total 4,858,000 100.0
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Since these estimates cannot be corrected for the catch of fish migrating

to streams in Area 12 and Area 13, nor for fish recovered in an area while
migrating southward, they are too high for northern stocks and too low for
southern ones, However, they indicate the predominance of the Fraser River
fish in the Johnstone Strait and Discovery Passage catch,

' A study of the rate of travel indicates that, in general, the
average time between tagging and recovery increased with the distance between
the two points. It was again found that Fraser River recoveries were made
later than those in adjacent areas immediately to the north and south, sup-
porting the belief that fish to that area remain off the mouth of the river
before resuming migration.

Chum salmon., A total of 2,604 chum salmon were tagged: 894 in
Area 12 and 1,710 in Area 13. Tags recovered outside the tagging areas indi-
cate that migration was to the east and socutheast, with 81% of the recove-
ries being returned from the mainland coast and 19% from the east coast of
Vancouver Island., Along the mainland, all fishery administrative areas
yielded tags, but Area 29 produced the greatest number, Area 16 yielded the
second highest. Along the east coast of Vancouver Island recoveries were
mainly obtained from Area 14 and Area 17, with the latter producing the grea-
test number, Of the 9 tags taken to the west of the tagging locations, 2
were recovered from the Nimpkish River area,

Several stocks of chum salmon migrated through Johnstone Strait
and Discovery Passage at the same time. Bute Inlet, Toba Inlet, Washington,
and Fraser River fish appeared first during the latter part of August.
During mid-September these runs were augmented by runs to the east coast of
Vancouver Island., Towards the end of September and early October runs to
Burrard Inlet and Jervis Inlet appeared. With the exception of the Burrard
Inlet run, all runs were present on the tagging grounds when fishing termi-
nated on November 3rd. '

Since 1945 the total rate of exploitation of fish tagged in Area
12 has increased from 34% to 47%, and for Area 13 fish from 22% to 36%.

The increase in the rates for each area .amounts to 38% and 64%, respecti-
vely. The increase in exploitation of Area 12 fish was mainly due to the
heavier fishing in Area 13 and in the Strait of Georgia. In the Strait of
Georgla the greatest increase occurred in Area 16, while the rate in Area
29 remained relatively constant. The increased rate inm 1953 for Area 13
fish was due to the increase in fishing throughout the Strait of Georgia
generally, but especially in Area 16 and Area 29,

Chum salmon migrating during the early and late parts of the
season were not exploited as heavily as those during mid-season,

The catch of chum salmon in Johnstone Strait and Discovery Pas-
sage totalled 1,513,000 fish. The division of this catch according to
various stocks was estimated to be:
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Stock No. of Fish ' Percent
Area 13 Inlats 26,000 1.7
Area 14 130,000 8.6
Area 15 35,000 203
Area 16 313,000 20,7
Axrea 17 140,000 9,3
Area 18 32,000 2,1
Area 28 143,000 9.4
Area 29 667,000 4401
Washington 27,000 1.8
Total 1,513,000 100,0

Predcminance of the Fraser River fish is again indicated.

The pattern of migration for chum salmon was found to be similar
to that for pink salmon.

A summary of the results of the experiments which were thought
t0 be of administrative significance was prepared and forwarded to
Fisheries Department personnel whose districts are particularly involved,
The experiments will be reported on fully in the Board®s Bulletin series.
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TROLL SALMON = D.J. Milne

Both the commercial and sport troll fisheries catch spring and coho
salmon almost exclusively. Each catch is usually a mixture of f£ish that have
originated from many streams. The general biological condition of these
stocks and, in particular, the effects of catching large numbers of small fish
in certain areag have aroused much concern among the trollers of British Col-
umbia, For the last few years some have proposed an opening date of July 1
for offshore coho salmon end a minimum length of 28 inches for spring salmon.
' In 1949 the states of Washington and Oregon adopted en opening date
of June 15 for ooho salmon and a minimum size of 26 inches (total length)
for spring selmon, designed to protect small figsh, The Pacific Marine
Fisheries Commission has recently recommended the adoption of July 1 for
. coho salmon, but is:still considering-the advisability of & 28-inch size limit
for spriag salmom. As a guest at the meetings of the Commission, the writer
has had close contact with biologists in Alagka and the states of Washingtonm,
Oregon and California and a coastwide tagging and sampling program has been
carried out in friendly cooperation. w

In 1952, an opening date of Jume 16 was adopted for outside coho
salmon in British Columbia, but the minimum size of 24 pounds dressed weight
(about 20 inches total length) for all species of salmon has beén retained.

In assessing the situation off the British Columbian coast, the
chief objectives have been to establish the ocean migration patterns and te
determine facts on the growth, mortality and maturity of the fish that are
caught in the most heavily exploited areas of the troll fisheries. As the
facts ascumulate, the probable effectiveness and feasibility of adopting
regulatory changes, such as minimum sizes and closed areas or seasons, are
evalusted. In each report of the last four years a discussion of the pro-
posed regulations to protect small salmon has been presented. The ultimate
aim ig to achieve the best long-term utilization of these two valusble
speciss of salmon,

The following work has been carried outs

1. Seven tagging experiments were sonducted from 1949 to 1952 off Vancouver
Islapd end the Queen Charlotte Islands., The results have been
gumarized and compared with earlier experiments from 1925 to 1930 and
a manuseript will be sutmitted for publication soomn. The intermingling
zﬁ fish from many streams indicates the need for international coopera~

on. : 4

2, Extensive sampl.ng of the commercial troll landings, for gsize of fish and
for the abundance and distribution of fish marked in United States
streams, has been carried out for the last three seasons. A summary is
contaimed in this report.

3. In 1953, a detailed study was made of the fish on the various banks in
the important feeding area off the southwestern coast of Vancouver Island.
The size and species of fish that are caught by each of the more common
types of trolling lures was presented last year, Reports on the amount’
of immaturity in relation to the size of spring salmon and on the stomach
contents of four species of salmon are included herein.
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4Le In 1954, a series of experiments to determime the tagging and releasing
mortality of troll-caught salmon was initiated in the Gulf of Georgia.
Preliminary results are indicated,

The commercial troll fleet of 1,500°to 2,000 boats operated a total
of abecut 125,000 Fishing deys a year and catch approximately two=thirde of
the total British Columbia catch of spring and coho salmon, Reliable catch
statistics, by species and gear, are available only since the start of the
sales slip system in 1951, The fluctuations in the anmual troll catch and
the average catech per day are presented below, For comparison the average
catches per day, based on trip reports of a select group of large "ice®
trollers, are also shown,

1

_ .B.G. Troll Cateh "Ice Boat" Catch
“Total in Lb.  Average per boat-dey  Average per boat-day
{round weight) in 1b,(dressed weight) in 1b.(dressed weight)

Spring Salmon

1951 8,400,000 56 71
1952 10,310,000 69 : 62
1953 10,650,000 : 70 81
1954 = = 80
Coho Salmom:
1951 19,510,000 130 384
1952 17,200,000 115 342
1953 13,710,000 98 350
1954, = - 250

pring

The troll catch of gpring gs
final total will probably be less then in 1951, The catch of red spring
salmon was small during the whole season, but the Gulf of Georgia produced
& good catch of white spring salmon in July and August, This latter fact
accounts for the good showing of the "ice boats" that landed at Vancouver,

‘ The troll catch of coho salmom inm 1954 will probably be about one-
half of that caught in the brood year 1951, the highest catch produced in
recent years.  Only a small part of this drop can be attributed to the tender-
men's strike between August 7 and 14, Since the spawning escapement in most
areas was better than average im 1951, it appears that the dry summer of '
1952 must have severely affscted the survival of young salmon in the streams.
In addition, poor ocean feeding conditions were reported in 1953. The result
has been & very low return from a large coho salmon population in 1951. This
year the catch of "bluebacks® in the Gulf of Georgia was poor and the fish
were small in size, N i '

With the catches of both spring and ccho salmon the lowest in
recent years and with the lack of a ‘tuma fishery, the commercial trollers
experienced a poor season this year.

almon in 1954 has been poor and the
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The sport troll fishery, which operates in many locations in inshore
waters, also experienced a poor seasom. The catch of coho salmon was part-
icularly low. Records for recent years, obtained by the fishery inspectors,
indicate that this fishery catches a large proportion of small fish of both
species but that the total catch by weight is only about 3% of the total
commercial catch. However, in the Gulf of Georgia, where over 90% of the
sport fishing takes place, it is estimated that the spring salmon catch is
about one-third and the coho salmon catch is about one-quarter as large as
the commercial troll catch in this regiom.,

SAMPLING PROGRAM

Since 1952, extensive sampling of the landings of spring and ccho
salmon has been carried out at Vancouver and Prince Rupert. The three types
of sampling employed were: (a) a small random sample of each species wes
examined for length and weight meesurements and scales were taken for age
determinations; (b) a larger random semple of each species was measured for
length; and (c) entire loads of individual boats were tallied for number of
fish and total weight of each species. In each type all fish were examined
for missing fins.

The number of fish examined by each of the three methods in 1954
and in the two previous years are given below: '

BpringnSalmoh l ) 'Goho Salmon
(a) (b) (¢) fa) -~ (b) (c)
At Vancouver 652 16,703 41,464 565 10,286 53,251

At Prince Rupert 501 5,831 8,619 499 5,085 10,064

Totals - 1954 1,153 22,554 50,083 1,064 15,371 63,295
« 1953 963 25,068 56,315 998 22,588 75,917
- 1952 997 34,628 — 1,010 44,650 ==

The data on length and age are used for growth studies and for
discussions on regulations by size limits and closed seasons. The fish with
missing fins indicate the distribution of fish marked in certain streams of
the United Statea. . ‘

Ao, Mark returns for spring and coho salmon

Since 1950 over six million spring and coho salmon fingerlings
have been marked in various streams of Washington, Oregon and California.
No markings took place in British Columbia or Alaska. These markings were
done by removing two or more fins, using distinctive combinations for each
stream. In the last three years, thousands of fish havé been examined for
missing fins along the entire Pacific Coast in order to record the ocean
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distribution ard abundance of these fish of known origin. No rewards have
been offered for returns from fishermen., Besides the double-fin experiments,
many small single=fin experiments have been carried out in United States
streams to solve local problems, S

: A sumary of the recoveries from the troll fishery in the five sampling
areas of British Columbia follows:s ‘ : :

North coast  North South Gulf of West coast  Total
of Queen Hecate Hecate Georgia of Vancouver British

. Oharlotte Ts, Streiy Strait Island ____ Columbia
Coho salmon
Double fin
1954 e oo 1 8 11 -20
1953 o= =o =o 3 24 27
1952 =w we = @ A A
Single fin
1954 4 10 5 5 39 63
1953 8 2 10 20 80 120
1952 = e 1 2 20 23
Spring salmon
Double fin
1954, == 1 ce . 2 10 13
1953 1 - e - 47 48
1952 o o 1l o 35 36
Single fin
1954 13 9 1 A 86 113
1953 9 5 1 1 64 80
1952 o = 2 38

- 36

Coastwide sempling will continue until 1956 before the final results
can be stated by the marking agencies. However, some preliminary observa-
tions based on the above recovéries can be set forth,

- The sempling was distributed to include from 5 to 10% of the fish
landed in each area, It is apparent that almost all of the double-fin
clipped fish were caught in the southern part of British Columbia with 75%
of the coho salmon recoveriés and 95% of the spring salmon recoveries caught
off the west coast of Vancouver Island, This substantiates the earlier
findings of the tagging experiments for coho salmon but not for spring
salmon, Since a high proportion of spring salmon, tegged off northern
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British Columbis and southeast Alaska, were later recovered im United States
streams, it is peculiar that more marked fish have not been found im northern
waters. '
The single=fin recoveries indicate & similar but wider distribution
with 67% of the coho salmon and 81% of the spring salmon caught off the west
coast of Vancouver Island., The wider distribution is no doubt because some
avre not legitimate marks but are the result of natural causes. Since fewer
fish were marked with single fins than with double fins, and the number of
recoveries for single fing are greater, many single=fin marks must be the
result of incomplete marking and subsequent regeneration of the second fin.
The number of double=fin clipped fish that probably originated
in the streams of each state followss '

¥

Washington Oregon California

Spring salmon 1954 7 2 2
1953 33 6 4
1952 23 4 9
Coho salmon 1954 20 s wo
1953 17 10 cw
1952 1 3 cw

For spring salmon, approximately 70% were from Washington with
15% from both Oregon and California, Many were from tributaries of the
Columbia River and & few were from the Sacramento River. Fewer recoveries
were made this season because, in order to avoid confusion between over-
lapping size groups, no fish were marked in the 1950 and 1952 brood years.

For coho salmon, most were from Waghington, chiefly from streams
in Puget Sound, and the remainder were from Oregon.

The intermixing of stocks during their ocean migrations along the
coast is demonstrated similar to the results of tagging adult fish, except
that few marked spring salmon have been recovered from northern British
Columbie or Alaska, To date, quantitative comparisons of the recoveries
in British Columbia with those from other areas, for any single experiment,
have had high sampling errors owing to the low availability of marked fish
in such large catches.,

B, Growth studigg
1, Coho salmon

Although the majority of the coho salmon are caught during their third
year there is still considerable variation in size between fish from dif-
Perent areas in different seasons, These differences must reflect in part
¢he different ocesn conditions encountered. This season during June many
fish were caught in the Gulf of Georgia less than the minimum weight of
2} pounds dressed. The following table shows the average fork lengths in
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centimetres for coho salmon sampled during the last three seasons on both
sides of Vancouver Island:

June July Auvgust No. of fish Sesson opened

Caught inside
Vancouver Island

1952 5208 5501 51&01- 99690 June 1
1953 52,8  53.1 540l 6,309 Juse 1

1954 51 04 53 01& 5406 59666 June

Caught oﬁtside
Vancouver Island ‘ .
1952 58.8 6401 65.9 9,362 June 15

1953 58.3 60,1 6408 165225 June 15
1954 55,7 60,9 64,7 3,744 June 15

In 195/ the weather was cold and the average size of coho salmon was
smeller in June than in the two preceding years in both regions, By July
the average size was similar to that in 1953 but did not reach the large
size attained in 1952, For July, 1953, poor feeding conditions were
reported outside Vancouver Island. By August in each year the fish were
of more uniform size in both regions. The difference in size between
fish caught in the two regions is most marked. Since the size of the 1954
catch, in both regions, was smaller than in the two preceding years, the
feeding conditions were apparently very poor early this season.

2. Spring salmon

last year a discussion of the complexity of obtaining consistent age
determinations from spring salmon scales was presented, Further checks by
means of scale measurements wers made on some of the 1953 scale samples.
The result has been that the ages are now read older and with more stream
types than formerly, when the ages were determined by inspectiomn. The ages
of the marked fish recoveries should enable us to decide which method gives
the truest age. The percentages in each age-group for the 1953 samples,
read by scale measurements, are as follows:
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No., of Ocean type Stream type
Area fish 1 2 3 4 5 Total 3 4 5 Total

West Ccast of 269 - 15 5 11 1 83 12 5 = 17
Vancouver Island

Southwest Coast of 152 2 24 50 11 - 87 7 5 1l 13
Vancouver Island

Gulf of Georglia 62 = 10 82 5 = 97 3 - = 3

Fraser River 103 - l4 34 17 2 67 15 12 6 33

5 19

Marked Fish 36 - = 3 78 = B8l - 14

Approximately two-thirds of the fish sampled from the west coast of
Vancouver Island were in their third year. The catch,during the study of
immature fish off the southwest coast, contained more young fish. The
troll sample from the Gulf of Georgia was predominately fish in their third
year which had gone to sea as fry. The gill-net catch from the Fraser
River contained many older fish that had spent the first year in the stream.
Most of the marked fish were in their fourth year, presumably from the
marking experiments of the 1949 brood-year. If this method is substantiated
by mark recoveries then past scale samples will be interpreted by this
meens.

Length measurements for the past three seasons, are now available to show
the regional and seasonal variations in size of spring salmon caught by the
troll fleet. Most of the amall spring salmon are caught off the west coast
of Vancouver Island. For example, this season the percentage of fish in the .
west coast samples, less then 26 inches (total length) was 30% and less than
28 inches was 47%. It is estimated that these comprised 73% of the fish
less than 26 inches and 67% of the fish less than 28 inches in the total
troll cateh., These small fish include all of the two-year-olds and approx-
imately one-half of the three-year-olds in the catches.

OCEAN STUDIES ON SPRING AND COHO SALMON

In July, 1953, a detailed study was made of the spring and coho
salmon fishery on the important feeding banks off Barkley Sound on the west
coast of Vancouver Island. Last year a description of the various banks
and the results of a study on the efficiency of four types of common
trolling lures were reported. The gonad and stomach samples have now been
analysed and the results are presented below,

During the summer of 1954, observations were made on the sport
fishery in the southern part of the Gulf of Georgia and several experimerts
were conducted to assess the tagging and releasing mortality for spring and
coho salmon caught by trolling gear.

A. Further observations on spring and coho salmon off Barkley Sound in 1953,

1., A maturity study of spring salmon

A totel of 159 gonad samples of spring salmon were obtained during the
experimental fishing operations off Barkley Sound in July, 1953. For
comparison 61 gonad samples of spring salmon were collected from the Fraser
River gill-net fishery.
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An attempt was made to separate the fish, for state of maturity, by
welghing the gonads of both sexes and by measuring the egg diameters of the
females, The samples from the Fraser River, as well as those from coho salmon,
were used as checks since they were presumably both from fish that would
nature the same season.

The results show that a clear separation cen be made, between female
fish that would mature later in the season and those that would not. The
separation is at a gonad weight above 60 grams and below 35 grams, or an
average egg diameter above 2.7 millimetres and below 2.0 millimetres. 1In
terms of length, maturing and immature females are divided at a fork length
of approximately 75 centimetres or a total length of 30 inches. In the case
Qf male fish, the separation was not as clear cut and both maturing and
immature fish were found over the entire length range up to a fork length
of 85 centimetres. Above this length all were maturing fish.

For the commercial troll catch off Barkley Sound in 1953, it is esti-
mated that approximately two-thirds of the spring salmon were immature,
Above the proposed minimum size of 26 inches (total length), less than
one-half of the fish would be maturing (both sexes) and below 26 inches
approximately 10% would be maturing fish (all males). It is apparent
that no minimum size limit will satisfactorily separate spring salmon into
mature and immature fish and if most of the immature fish were not to be
landed then a large portion of the catch would have to be released.

2, Stomach contents of Pacific salmon with particular reference to
herring in the diet of apring salmon.

During the fishing operations of the "Karmsund" off Barkley Sound in
July 1953, a total of 28l stomach samples was obtained. A summary of the
contents follows:

Spring salmon Coho Pink Sockeye
Red White Total salmon salmon salmon

Number of stomachs 130 23 153 110 13 5
Percent of stomachs 41 22 39 31 31 60
empty

Percent of stomachs

containing: herring 27 65 32 43 30 -

" sandlance 14 4 12 5 - -

other fish 9 4 7 8 15 -

invertebrates 18 17 17 36 52 40

Percent of stomach
contents by volume:

berring 69 82 73 66 29 -
sandlance 12 1 8 1 - =
other fish 1l o 0.5 3 7 -
invertebrates 19 17 18,5 30 64 100
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The spring salmon were feeding heavily on herring, particularly the white
springs, with one-third of the stomachs containing three-quarters of the
total stomach contents by volume. Sandlance and invertebrates, such as
Euphausiids and pelagic shrimp, were also important items in their diet. The
coho salmon were feeding on the same group of organisms but there was more
variety in the type of food in each stomach. Euphausiids were present in
one-third of the stomachs and composed one-third of the total stomach con-
tents by volume. The pink salmon stomachs contained rewer fish and more
invertebrates while the few stomachs from sockeye salmon were either empty
or contained only Euphausiids.

1t was reported last year that the larger trolling lures, in both plugs
and spoons, caught more large spring salmon than the smaller lures of each
type. The stomach contents reveal that the larger spring salmon eat more
fish (mostly herring) than the smaller spring salmon and that those caught
by the larger lures were feeding more on fish than those caught by the
smaller lures, as show below:

Percent of stomachs containing:
Fish Invertebrates _No food

Size of spring salmon - above 26 inches 61 8 31
- below 26 inches 33 13 53

Type of lure = large plug 76 - 24
- gmall plug 34 8 58

= large spoon 52 19 29

= gmall spoon 43 10 47

The most marked relationship is that the large plugs catch mainly large
spring salmon (90% were over 26 inches) that are feeding heavily on a fish diet
(76% of the stomachs contained fish). ‘The other relationships between sizes
of gear, fish and food follow the same pattern but are not as marked. The
small spring salmon were taken more readily on small lures while feeding on
invertebrates or when their stomachs were empty.

None of the above relationships were apparent for coho salmon, probably
because they are almost all the same age and hence are more uniform in size,

In this study, one-half of the stomachs of spring salmon above 26 inches
contained herring, while for those below this length only one-fifth contained
herring. The size of the herring consumed ranged from 150 to 190 millimetres
in standard length. (It is of interest that this is the same length as the
6- and 7-inch plugs commonly uséd as lures.) However, during the same
period, only 30% of the herring sempled from the small summer fishery on
Swiftsure Bank, was in the size range less than 190 millimetres. Thus the
herring eaten by spring salmon were smaller than the majority of the herring
caught nearby. The herring, less than 190 millimetres were all age III or
younger and are mostly recruited to the fishery in the two following winters.

The banks off Barkley Sound constitute a feeding area for immature spring
salmon and many trollers attribute part of the decrease in production of
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spring salmon to the heavy winter fighing of herring. If for some reason,
such as mouth size, spring salmon are limited to eating only small herring,.
then a heavy herring fishery could not directly affect the food supply since
the catch is mainly large herring taken at a later period. In fact the
large herring are ‘probably competing for the same basic plankton forms as
the organisms that make up the diet of spring salmon. Furthermore, it is
held among herring workers that the abundance of amall herring is not so
much influenced by the fishery as by the size of the losses sustained in
very early life. In any case; previous work has shown that at other seasons
and in other localities, alternative organisms, such as sandlance and
Euphausiids, can be dominant items in the diet of spring salmon. Concerning
any decline in the abundance of spring salmon, it is also known that much

of it must be attributed to the many unfavourable changes that have occurred

in thelr freshwater environment.

B. Observations on spring and coho salmon in the southern part of the
Gulf of Georgia in 1954,

It has been mentioned earlier that the coho salmon, caught by the
commercial trollers, are smaller in the Gulf of Georgia than outside
Vencouver Island and that the sportsmen catch many “"grilse" or small spring
and coho salmon. Recent sport catch statistics indicate that most grilse
are caught early in the year along the southwest part of the Gulf of Georgia
and late in the summer along the eastern side.

From July 4 to September 16 the Station’s boat, "Alta", was used for
trolling with Mr. L. Quickenden as skipper and Mr. E. A. R. Ball as
agsistant. This year the sport catch was poor and the catches were too
light to undertake a successful tagging program of "grilse". A total of 24
spring salmon and 113 coho salmon were caught. The chief emphasis was
placed on capturing small fish, holding them in a live-box on the boat and
delivering them to a floating pound near Nanaimo for the purpose of assessing
the releasing and tagging mortality of troll-caught fish., A smaller
experiment was carried out with fish from Sooke traps and an unsuccessful
attempt was made to capture small fish with a gill-net. The data, collected
on the efficiency of different troll lures, the depths and temperatures at
which the fish were found, and the food and maturity of the fish, will be
reported next year. Preliminary results of the study on releasing and
tagging mortality are given below,

The mortality involved in releasing troll-caught fish is important
in evaluating the effect of minimum size and closed season regulations for
the protection of small fish. In the Gulf of Georgia the minimum size for
salmon caught by sportsmen is 8 inches fork length (20 centimetres) and for
commercial trollers it is 2,5 pounds dressed (about 48 centimetres or 19
inches). The opening of the commercial season is June 1, The mortality
involved in tagging troll-caught fish must be determined before fishing or
natural ocean mortalities can be estimated from the recent tagging experiments.

Equal numbers of fish were tagged with (a) plastic discs panned through
the back, (b) aluminum straps clamped on the tail, and (o) either left
untagged or marked by removing the adipose fin. No marked difference in .
mortality was noted between the three groups, except that the fish lacking
the adipose fin had a higher mortality than either the tagged or untagged
fish., It appears that most of the mortality is incurred in catching and
releasing the fish, rather than the actual tagging operation itself, although
further experiments are necessary to confirm this point.
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During July, the initial mortality of catching, tagging and releasing
troll-caught coho salmon (40 to 60 centimetres in length) was estimated at
30% and the total mortality up to the end of a month in the pound was 40%.
Based on a few spring salmon (40 to 70 centimetres) similar mortality
ostimates were almost twice these amounts.

In September, the initial mortality for "grilse™ coho salmon (20 to
40 centimetres) was estimated at 50%. By using barbless hooks this mor-
tality was reduced to 40%. For a few "grilse" spring salmon (20 to 30
centimetres) the mortality was less than that for coho salmon.

In all casea, most of the mortality occurred either before the fish
was landed or shortly after it was released. Hooking in the gills resulted
in total mortality; when caught in the eye there was about 50% mortality.
Fish hooked in the jaw produced the lowest mortality of approximately. 25%.

At the end of a month in the pound, a total of 5 tagged spring salmon
and 41 tagged coho salmon was released. These fish were in good condition
and to date 6 coho salmon have been recovered from various parts of the
Gulf of Georgia.

In conclusion, the mortality involved in catching and releasing small
spring and coho salmon from commercial trolling gear is probably from 30
to 50%, initially, and may result in a final loss of 50 to 75%. This
substantiates the field observations made last year off Barkley Sound and
the results of the recent tagging experiments, which had both indicated
a high mortality. In releasing either small coho salmon caught prior to
an opening date or small spring salmon under a minimum size limit, a
mortality of 50% might be compensated for by a doubling in the weight of
the survivors but no gain in net production could result, since only a
portion of the fish could be recaptured and the remainder would die of
natural causes or escape to spawn. Barbless hooks do not appear to sub-
stantially reduce the mortality in "grilse”. Even if only the fish in
good condition are released, as was done in all previous tagging experi-
ments, the initial mortality is probably from 20 to 30% and the final
mortality may be as much as 30 to 40%.
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Herring research seeks (1) to define the major herring populations
in British Columbia and to estimate the amount of mixing between these pop-
ulations, (2) to assess changes in abundance in the various populations, (3)
to obtain information that will form the basis of an effective system of
herring management permitting the maximum utilization of the resource con=
sistent with the future maintenance of the stocks, and (4) to predict the
annual recruitment t0 each of the major populations,

: Various studies on all the adult populetions are undertaken to
provide information on the first two objectives. An intensive comparative
study of the lower east coast of Vancouver Island and the west coast of
Vencouver Islard populations under contrasting methods of management provides
information on the third objective, Information on the fourth objective is
at present provided largely by the adult studies; however, studies on sur-
vival during early life-history stages are in progress with the aim of pro-
viding & firmer and more reliable basis for prediction. S '

Data presented in this report refer to adult studies carried out
from April 1953 to March 1954, and early life-history studies carried out
in the summer of 1954. The accompanying map shows the sub-districts and
areas of the British Golumbia coast, referred to in this report.

ADULT HFRRING STUDIES

Studies on adult herring populations include the collection of catch
statistice from the warious fisheries, a tagging and tag-recovery program,
sampling the catches and the spawning runms, the assessment of the extent and
intenaity of spawn deposition in all populations, and the comparison of the
effect of different catch regulations on abundance in two populations,

‘ The almost complete lack of & fishery in most areas in 1952-53, as

a result of an industrial dispute, to some extent affected research in 1953-=54.
It was not possible to calculate certain population statistics dependent on
results from two successive years® fishing. : :

A, The 12§§n§é fishegg' 3 A G. T, Taylor

C A record British Columbia herring catch of 210,210 tons was made in
1953=54, The previous best: season was 1951-52 when 198,000 tons were landed.
The distribution of the catsch by sub-districts is given in the following tab-
wlation, There was no regular redustion fishery im 1952=53 sc that the com-
parative figures in parentheses are those for the 1951-52 season.
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Sub=district Gateh Cateh per unit of effort
_(in tons) (tons per seine per dav)

Queer Charlotte Islands 28,550%119200) 217.7 (171.,4§
Northern 29,750(57,300) 7606 (265.3
Central 3?1,650(39,,900% 55,5 § 63.3)
Upper east coast of 6,650( 8,250 36.7 { 48.6)
Vancouver Island )

Middle east coast of 19,600(10,350} 48.9 ( 90.5)
Vancouver Island T

Lower sast coast of 52,660(51,000) 81.4 ( 66.9)
Vencouver Island e

West coast of Vancouver 41,356(30,000) 44,0 ( 76.1)
Island

‘ ‘The west coest of Vancouver Island and Queen Charlotte Islands
sub=districts wers free of quota restrictions; quotas for the other sub-
districts were unchanged. Three extensions were granted. In the Queen
Charlotte Islands, a time extensiom of 9 daye beyond the normal closing
date of March 10 was granted; only 6 days were used. In the middle-east-
coast sub-district, a 15,000 ton extension = 10,000 toms for reduction
and 5,000 tons for bait, canning, and kippering, ‘

On February 25 fishing commenced in the Queen Charlotte Islands at
Skidegate Inlet (Area 2i<E).and at Burmaby Narrows (Area 2B=E), By February
28, 22 seine boats had moved to the grounds. Good catches were made in
Burnaby Narrows at first, but the fish disappeared and all veasels concentrated
in Skidegate Inlet. Here, for the first time, an intensive fishery developed,
1imited only by the capacity of the packers and plants. The area was closed
on March 16 by mutual agreement between the indusiry and Department of ™
Fisheries. The total catch for the sub=district was a record 28,550 toms.
Fourteen vessels submitted Pilot House Records accounting for 82% of the sub=
district catch; catch per unit of effort in Area 2A<E was 221,7 tons per
seine day and in Area 2B-E 162,0 tons per seine day, compared to 171.4 tons
per seine day for Area 2B=E in 1951-52,

Herring were abundant in the northern sub-district from 1949=50
to 1951-52, However, in 1953=54, the catch was disappointing and although
the quota was reached it was taken with difficulty. First catches were made
on November 24 in Ogden Channel, Fair fishing was experienced with 33 boats
taling part., Gasboat Pass (Area 5) again produced good catches but fishing
in Chismore Pass, Edye Pass, and Butler's Cove, all in Area 4, was poor,

The sub-district was closed on December 14 with a total catch of 29,750 toms.

Of this, 27,500 tons came from Ogden Channel and Gasboat Pass and 2,250 tons
from Butler's Cove, Edye Pass, and Chismore Pass. The catch per unit of
offort was 76.6 tons per seine day. After the Christmas closure an extension
was requested, In view of the scercity of available fish the extension was
not allowed, i .

In the central sub-district only 31,650 tons of the quota of 40,000
tons were taken, the average catch per unit of effort was 55.5 tons per seine
day, Prior to the middle of Nevember, three local seiners fighed the sub-
district with some success, taking 7,500 tons, Good catches were made in
Smith Inlet (Area 10),; Moses Inlet (Area 9), Evans Arm (Area 8), Gardner
Canal and Klemtu (Area 6). With the entry of the main fleet into the fishery
in the middle of November the whole sub=district was scouted but only spall
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catches were made, mainly in Meyers Pass (Area 6), Barnard Cove (Area 6),
Boddy Pass (Area 7), and Ivory Island (Area 7)., By November 2/ all the
boats had moved to the morthern sub-district and did not return until December
14. Scratch fishing contimied until the Christmas recess. Fishing recommenced
oh Jamary 6 and fish were found in guantity in Thompgon Bay (Area 7) &nd
Boddy Puss” (Aréa 7). "Good citéhies wers iade for the neéxt 8 days, ~Hoiuéver,
freezing weather during the last two weeks of January curtailed fishing. “From
January 31 to Februdry 5, smill catches were niade in Boddy Pass, Lama Pass,
off Ivory-Island, dnd near B&lla Bella, After a week’s lay-off, 22 boats- ,
recommenced fishing in the central sub-district on Fébruary 14, Catches were
made in Area 6, in Meyers Pass end Sarf Inlet, laredo Inlet and Green Inlet
(Afé‘g.i6)'ﬁéi?5 scouted,” In Area 7, catches were made in Boddy Pass, Cultus
Sound, "Spider Anchorage, Bella Bella, and Lamd Pass, However, the éxcellen%
fighing in the Queen Chailotté Islands attracted the"boats and uo further
fishing took place in the ceniral subwdistrict after February 26, . 7
o After the completion o6f the lowér-east-coast fishery, active fishing

began in the upper-east-coast sub-district the week of November 15-20, & "™
catch of 31 tons had béen made in Knights Inlét (Afea 12) early in September.
Tén boats fished the sub-tistrict with varylihg succeés. By the Christmas
recess only 2,900 tons had been téken, mainly froi Clio Chainel; Bones Bay,
Knights Inlét, Belleisle Sound; end MacKénzie Sound. Fishing recommenced on
January 63 15 séine boats fished in Kingcome Inled, taking 3,300 tons in the
next 8 days baforé Freesing weather temporarily ¢loged down the fishery.
During the ldst week of the season, 9 boats fished in'Retreat Pass (iréa 12)
but ‘made -only small edtchés, A total of 6,500 tons out of a quota 6f 10,000
tons was landed from the upper-éagt=goast sub-district. The catch per unit ¢
of effort for the sub-distriet was 36,7 tons per seihie day. =~ =~

T- 7" .In"theé middlé-east-coast siub-distriet there was'a summer fishery
in addition to the regular winter fishéry. In July and August two seine-boats
exploited a concéntration of hérring near Cape Lazo (Area 14): In Septembér,
18 vessels fished this l6cality. At first fishingws good but later fell oeb
and the vesséls dispersed to other areas. As a result of the summer fishery
off Cape lazo and in Area 15, 8,500 tonsweré caught; eatch per unit of
effort was 38.5 tons per seiné day, A reéquest wis made/for am extension of
10,000 tons t6 be takéen from the usually produetive Deepwater Bay locality

(Area 13), This was grantéd and fish commenced on Ostober 4. At first,
catches were poor but'improved over the mext three weeks, until by the first
week in November over 10,000 tons had béen taken from Area 13, Thereafter,
there was no Fishing in' thé aub=district until the last week of the season
when tw6 boats Seined 400 tons from Déepwater Bay. The total cateh for the
sub-distrist was 19,600 tons, 10,800 tons from Area 13, 8,050 toms from

»

Area 14, and 750 tons from ATea 16, .

" 777" Fishing for summer herring also took place in the lower-east-coast
sub-distirict,” From May to the first week of Ootober small catches were made
in Nanoose Biy (Atea17A) and o6ff Williems Head and Albert Head (Area 19).
The main lower-east-ecoast fishery commencéd durlng the week October 11=16 in

Nanoode Bay (Arvea 17A) and Trincofiali Channél (Ared 17B), “Good fishing s
reaultéd in Nanoose Bay but not in Trinecomali Channel. Iater ih the month
excéllent catches were mide at Porliér Pdss (Ared 17B) and Swahson Chanmel " .

(Area 18) by 6Ver 40 Seiné boats. Porlier Piss was fished in the early moin="~
ing énd Swanson Channel at night. By Noveiber 2 thé quota for' the sub-district
wa§ taken. ~An extehsion oF 10,000 tons for reduction and 5;000 tons for special
purposes was granted. Fishing by the wholé Tleét of 56 Séines recommenced at noon
November 10 and by evening of November 12 the reduction extention was taken.
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The special quota was fished by one seine boat from each company but was not
attained, The final catch for the sub-district was & record 52,660 tonss
4,000 tons from Area 17A, 18,350 tons from Area 17B, 30,000 tons from Area 18,
250 tons from Area 19, and 60 tons from Area 20, The catch per unit of
offort was 81.4 tons per seine day for the sub-district as a whole. In Area
17B: the catch per unit of effort was 89.6 tons per seine day, in Area 18,
85,9 tons per seine day, in Area 174, 55,0 tons per seine day and in Area 19,
12.2 tons per seine day, ’ - ' ‘ '
In the west :oast sub=district a summer fishery developed off
Swiftsure Bank (Area 21), During the first two weeks of July, 10 seines fished
this area but found the fish difficult to catchj one boat continued to fish
until the emd,of July. A total catch of 2,000 tons was made. The main
west~coagt fishery began on November 15, Good catches were made by 16 boats
in Effingham and ih"UéhuekIesit’Inlete'(Area”23); Two boats also took 500
tons from Sydney Inlet (Area 24). Steéady but not spectacular fishing con=
timied in various localities in Barkley Sound (Area 23) until the week of
December 13-18 when the boata moved to Sydney Inlet (Area 22) where several
large setsé were made. During thé pre=Christmas: fishery, Esperanza Inlet and
Nootka Sound (Area 25) were scouted but no herring were found. By the
Christmas recess 26,500 tons had been taken from the sub=district, 21,500
from.Barkley Sound (Area 23) and 3,000 from Clayoguot Sound (Area 24),
On January 6, 28 seines recommenced fishing in Barkley Sound (Area 23).
Fishing was poor and the fleet dispersed to other areas of the west coast.
Sydney Inlet (Ares 24), Tehsis and Nootka Inlets (Area 25); and Quateino
Sound (Area 27) all yielded small catches. The week January 10-15 saw boats
which were fishing in the more northerly sections of the west coast move to
the central sub-district. Small catches were made in Barkley Sound (Area 23),
Sydney Inlet (Area 24), Tahsis Inlet and Nootkae Sound (Area 25), and Ououkinsh
apd Malksope Inlets (Aree 26), . From Jantary 17 to 19 freezing weather closed
down herring fishing operations., For the remainder of the week, fishing
continuéed ell along the west ecoast with Esperanza Inlet (Area 25), Nasparti
and Ouovkinsh Inlete (Area 26), Sydney Inlet (Area 24), and Barkley Sound
(Area 23) giving emall catches. ‘A similar pattern prevailed until the erd
of the season with the addition of Klaskish and Klaskino Inlets and Quatsino
Séund (Area 27) to the localities producing fish, The total catch for the
west coast was 41,350 tons, ‘the largest catch since 1948-49. Berkley Sound
(Area 23) yielded 24,200 tons, the summer fishing off Swiftsure Bank (Area 21)
2,000 tons, Sydney Inlet (Area 24) 5,350 tong, Esperanza Inlet and Nootka
Sound (Area 25) 5,000 tons, Kyugquot Sound (Area 26) 2,700 tons, and Quatsino

" Sound' (Area 27). 2,100 tons. The catéh in Ared 23 was the largest since the

1949-50 season and in Area 24 the 1§?g§st'éince 1946=47., The catch in Area
catches since 1942-33. The catch pér unit of effort for the sub-district as
a whole was 44.0 tons per seine day; without the summer fishery it was 43.7
tons per seine day, | o o o

B. Tagging and tag-recovery

e

F.H.C. Taylor

1 The herring tagging and tag-recovery program provides information
on (1) the inshore reégions ocoiipied by thé various heérring populations and
the relative discretensss of these populgtions, (2) the amount of mixing
both between and within the various populations, and (3) certain population
statisties, T ' T T o o

Herring tags are recovered either by tag-detectors operated by
investigational personnel or by magnets in the meal lines of the reduction
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plants. Thg-detector recpveries, although considerably fewer in number,
provide more accurate information than plant magnet recoveries, where a con-
siderable degree of uncertainty often exists as to the area, and at times,
the sub-district of recovery, =~ - L e

: A total of 4,615 herring tags was recovered in 1953=54. Of these,
67 were recovered by tag-detestors and 4,548 by magnets in 14 reduction plants.,

1. Tag=detector resoveries - F.H.Co Taylor

__ During the 1953=5/ season two induction type. tag-detectors were operated,
one at the Gulf of Georgia plant in Stéveston from Ootober 7 to February 6
but opergting for only 3 deys in the post-Chi-lstmes period, and one at the
Seal Cove plant in Prince Rupért from December 7 to 17, o

. The percéntage afficiency of the Gulf 'of Georgla detéctor compiled over
the full séason was 51% as compared to 80% for the previous season (1951-52)
in'which it’operated, " The lower efficiency in 1953-54 resulted from '
machanjcal difficulties and from inmstability ‘cauded 'by voltage fluctuations

in thé power supplies 'of Both the detector and induetion coil. While: the
mechanical 'diffici;ltié‘s ‘Were largely ovVercome by the latter part of the geason,
the golution to the problem of -unstable operation lay in redesigning the
detectors. 'This work was éarrded out during the summer of 1954. It is hoped
that detector efficiency in 1954=55"will bé greatly improved. Tag-detector
operations at Seal Cove again prbirgd'nioét'iiﬁéatiéféetory; the fault lay beth
in the -site of installation and in “the’ inhérent instability of’ the present
type of detecter, Beodiisé of thesé diffieiilties, the short period of opere

ation, and the &mall humber of tags reéovéred it was not possible to calculate
the percentage efficiency of this détector. -~ = & ’ -

' Because of changés in unloading methode no detector could be operated in
the :Imperial reductién plant f'a‘i;;gtéi're'a’tdn~in‘ 1953=54. A new detector was

built ‘and ingtalled in thé Cplenial reduction plant at Steveston. Unfortunately
the installation was nét ‘completéd until the Christmas break and the plant did
not operdté in the'posbeChiistmas’perfod, =~ - T
. Detestor récoveries in 1953-5, :amounted to between one-quarter and one-
third of ‘those of prévious seasbms. A total of 67 tags were recovered, 64
at- the Gulf of Georgia plant and 3 at the Seal Cove plant. The operation of
one instead of" two detectors at Steveston, and the lower efficiency of this

detector acecounted for this marked drsp, @ - _
' Theé’ probable rmmbers of tags i the catches of each sub-district, derived

by applying corrections for detestor efficiency and the tonmmge not searched
by the detectors, are given in the table below (dctual muibeis of tags are
shown -in ‘parentheses). Becduse of the inefficicney of bBoth dstétsor and plant
hagnets at Séal ‘Cove, récoveries from. this plant-have not been tged in cal=".
culating the probable nimber of tags i the éatéhes, ' Recovei#ids were too few
to form a reliable basis for the -calculdticns of the probabke’ numbers of tags
in the catches and to permit the assésgment of the movement 6f herring bétween
the varioiid sub-distriets., ILimited confidencé ecan possibly be placed in the
probable ‘mmbers 6f tags in the catches in the middle-east-coast, lower-east-
coast, and westrcoast sub-districta, MoVémeiits of 23% (49/215) of middle-
eastraoast herring to the lower-east-coast and of 14% (85 /597) of west-soast
herring t6 the lower ‘east coast éré'*fﬁdiééﬁﬁd.“"‘l’héééf tiovements ‘are of about
the same general order of size as those found in previous years.
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FH.C. Taylor

In 1953=54, 4,548 tags were recovered from magnets and plant machinery
in 14 reduction plants. Thie tdtal represents a slight increase over the.
previous record total of 4,512, obtained in 1951=52, A large number of
recoveries were expected because of the heavy taggings in 1952 (60,887) and
1953 (81,390), and the very reduced fishery of 1952-53,

‘ Flant magnzt returns are -generally of more limited value in studying
herring movements ‘than tag-detector recoveries because doubt is often attached
€0 the ared in which fish "bearing'the tags were caught. However, because of -
the' small numbér of détector recoveriés in 1953-54; the dnalysis of plént -
magnet recoveries is considered the ‘ore reliable métHod. Caleulations of the
probable number of tags in the catehes of thé various sub-districts can be
made by applying corrections for magnét efficiéncy and tonndgé not searched
by plant magnets. Before applying these corrections, "doubtful® recoveries
were arbitrarily agsigned to thé sub=district of tagging, An'anslysis of the
"certain® recoveries showed that this procedure would result in the c¢orrect
assigrment of the aréa of recévery in at least 80% of the cases. Tags '
recovered by 3 west-coast reduction plants at which magnet efficiency tests
were 1ot carried out are omitted in the determinations of thé probable numbers
of tags. As these plants receive a large proportion of the catch from the
northwest coast of Vancouver Island areas; some bias may have been introduced.

- In the table below are 5hown the probable numbers of tags in the catshes
baged on plant magnet recoveriss, summarized by sub=district of tagging and
sub-district of recovery., The results for the upper-east-coast taggings
' are more questionable than those for other sub-districts. The "eertain®
recoveries of tags put 6ut in this sub=district were all made within the sub-
distriect. However; a number of doubtful recoveries which could equally well
have come from the middle-edst-coast as from the upper-east-coast sub-
district were all assigned to the latter, ‘
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The marked tendency for tags to be resovered in the sub-district of
tagging, noted in previous years in the anglysis of both detector and magnet
returns, is again shown. The relative strength of the *homing® tendency in
the various populations cannot readily be compared because of unknown diff-
érences in the exploitation rates in the varicus sub=districts. The tendency
was more pronounéed inh the northern, central, upper=east-coast, and west-
coast sub=districts and less so in the middle-east-coast, lower-east-coast,
and Queen Charlotte Islands sub-districts. e SR

Because of the small mumber 6f resovéries from Queen Charlotte Island
taggings (Area 2B<E); only guarded statements san be made of the movements
of the fish, There was apparently approximately equal emigration (12% and
16%) to the northein and central sub-district, with a small movement (4%)
baged on 1 tag return to the west coast of Vancouver Island. It is inter-
esting to note that while there was a relatively heavy fishery in Area 2A<E,
no Area 2B-E tags were recovered ‘there, This suggests that the herring
stocks in the noirthern and scuthern part of the Queen Charlottes are separate.
The difference in age composition and spawning time lends support: to this
© " " The main movement of the northeérn’sub-district fish (2%) was to the -
cehtral sub-district. This is' somewhat less than the 5.9% found in 1951=52.
The main movément of central fish (5%) was to the northern sub-district and
corresponds closely to that found in 1951-52, ' It is interesting to note -
that the movement (9%) of fish tagged in Area 5 to the pentral sub-district
vas greater than the movement’ (2%% of fish tagged in Area 43 on the qther
hand, the movement (20%) of fish tagged in Ares 6 to thée northern gub-
district was greater than the movement (1%) of fish tagged in Area 7, Again,
the movement (8%) of fish tagged in Area 10 to the upper-east-coast sub-
district was greater than the movement (* = 1%) of fish tagged in Area 6
or 7 to this sub-district., However, it should be pointed out that the
movements of fish tagged in Areas 5 and 10 are based on a much smaller number

-of fish than“those for Areas 4, 6 or 7. - o

Relatively great dispersal of middle-east-coast and lower-east-coast tags
to other sub=districts was shown, by magnet recoveries in 1953-54. Approxzimately
17% of the middle-east-coast tags recovered (23% on the basis of detector
recovéries) were from the loyer-east-coast, whereas: 16% and 14% of the lower-
eagt-coast tags were from the middle-east-coast and west=coast respectively.
The movements indicated between the middlé-east-coast and lower-east-coast
are of approximately thé same order as found in previqus yeairs. The move-
ment to the lower-east-coast of fish tagged in Area 14 (22%) was greater
than that for fish tagged in Avea 15 (12%). Similarly the movement to the
middle-east-coast of fish tagged in Area 178 (38%) was greater than that for
fish tagged in Aveas 17B (10%) 6r Area 18 (2%). . On the other hand, the move-
nent of lower-sast=coast fish to the westwcoast was greater for those tagged
in Areas 17B'and 18(14% and 16% réspectively) than for those tagged in Area
175 (10%). The movement of west-codst fish to the 'lowér-east-coagt was’
greater from Ares 23(5%) than from the other westecoast areas (1 to 2%).

) The movement of fish in both directions between the west-coast and
lower=east-coast (14% lower-east-coast to west-coast; 3% west-coast to lower-
east-coast) was approximately the same as'that in 1950=51, (10.5% and 4% =
fespectively), and ‘someéwhat’ grea.ter than that in 1951352, The disparity ia
the movements in the two directions in these populatiofis’may partially result

from differences in exploitation rates in the two populationg,. _ ‘
" I ddaition to the recoveriss Proki ths Caradisn taggings discussed above,
three recoveries wers mads from & group. of tags put out by Ameriean. investd-
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gators in the Hood Canal, Washington, in April, 1953. One recovery was from
the summer fishery off Swiftsure Bank (Area 21), another from Williams Head
(Ares 19) in the early fall, and the third from the regular yinter fishery
probably from Barkley Sound (Area 23). S

- In general, the analysis of tag returns in 1953=54 supports the findings
of previous years on the discreteness of the populations in the various sub-
districts and on the extent of intermingling between the various populations.

, P o

The purpose of the magnet efficiency tests carriéd out at various red-
uction plants is to determine the percentage efficiency of the magnets in
recovering tags. This information is used in determining the probable numbers
of tags in the catches. These tests also provide some information on the.
"time-1ag" involved between the entry of tags into the plant and their
recovery on the magnet. - | S :
) In making these tests, 50 test tags are placed in fish and scattered
randomly smopg the plant storage bins. Tags are later recovered from the
magnets by plant crews and returned to the Pacific Biological Station with
the date of recovery. ' , i '
* During the 1953-5/ herring season, tests were carried out in 11 plants:
4 at Steveston, 1 in North Vancouver, 2 on the west-coast of Vencouver
Island and 4 in northeirn Britigh Columbia, In comparison with 1951=52, fewer
tests were carried out; the coverage of plants on the west-coast of Vancouver
Island was not as gomplete for no contact vessel was available to provide
transportation to isolated plants. The tests at Steveston and on’the west
coast were carried out by investigational pérsomnel, those in northern
British Columbia by fisheries officers or invqstigational personnel o

In general, most plants tested showed an increase in efficiency of
recovery. This was particularly noticeable in plants in Steveston and
vieinity, This increase Is no doubt related to the greater interest of plant
crews arising from frequent contact with investigational personnel.
" A summary of the tests, with comparative figures for 1951-52 in paren=
theses, is presented in the following tables

F.H,C. Taylor

Mag tests
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Locality ; FPlant ‘ Number of Average Efficiency
- . , . : teg;g -
West coast ? Kildonan 1 gr) : 9 (=;
Port Albion 1 (=) 90 (-
- . Average R (=)
Steveston and vicinity Imperial .3 (N 9% éas;
Gulf of Georgia 2 (8) 97 (83
Colonial = 2 (3) 92 (333
Phoenix . 2(? 92 (94
Nbrth Shore 3 (3) 97 (97).
] Average 94 (89)
Northern British Columbia Nam 3 (2; 86 (91)
~ Butedale 2
Seal Cove 1l ‘
4

Port Biward.

__Grapd Avgrag (§Q)

In order to obtain more detailed informatioq than provided by the
routine tests on the "time-lag" between the entry of tags into the plant and
their recovery, additional tests were carried out in 3 plants at Steveston
during the 1953-54 season. In these tests, 10 tags were _placed in fish and
scattered randomly among the herring in the hold-of the vestol- unloading, in
the fish-bins, or in the conveyors 1eading to the gookers. Flant magnets were
examined at frequént intervdls by investigational personnel and the time re-
corded when tags were found.

At each plant the percentage effieiency calculated on the basis.of these
tests was somewhat lower-than that indicated by the routine test. This is
probably explained by the smaller number of tags used in the special tests.
While in some cases considerable differences apparently exist between plants
in the time taken for tags to pass through the plant, it is not known whether
these differences were real, ag tests were not repeated at intervals through-
out the season. ‘In general, about one-third of the tags entering the plant
are recovered within 6 hours, half within 12 hours, and two-thirds within
18 hours, After 18 hours, returns become sporadic and are spread over several
days. These are probably tags that become lodged in plant machinery and are
later worked free. The tests also showed that the delays and losses occur
in-plant machine:y rather than in unloading lines or storage binso The results
of theee tests are summarized belows

Plant : Percentage Racovery ' Total
I arg _within 12 hourg within 18 ho GOvery
Imperisl 34 - 52 63 84
Gulf of Georgia 75 - e 9%

Colonial . 27 AT : 64 83
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G. To Taylor

Two seine boats, Giwat Northern III and Bligh Islapd, were loaned by
the fishing companies t6 assist in tagging herring in British Columbia this
last season. The first vessel commenced operations on February 22 in the
lower-eagt-coast of Vancouver Island and moved to the west-coast of Vancouver
Island later in the week, After tagging on the west coast, it moved to the
central sub-district and then on to the northern area., In the first week of
April herring were tagged from this vessel in Burnaby Narrows in the Queen
Charlotte Islands. The second vessel commenced operations on February 25 in
the lower-east-coast and after completing tagging there moved to the central
sub-distriet completing operations on April 1. An intensive fishery developed
in Skidegate Inlet for the first time in 1953=54; to gain more information
on the relationship of this population to other stocks in the Queen Charlotte
Islands and northern British Columbis, three taggings were carried out in
Skidegate Inlet during the second week in May, 1954.

The ‘nwiber of herring tagged in the various sub-districts in 1953 and

1954 are given in the following tabulations

Queen Charlotte Northern Central Upper east Middle Lower West Total
Islands coast east east  coast

goast .coast

1953 4,111 6,244 15,610 1,342 6,008 13,216 34,859 81,390

The intention was to reduce tagging in the more southerly sub-districts
and increase tagging in the more northerly. By and large this object was
achieved; however, less tags were inserted in the central and west coast of
Vencouver Island sub-districts than intended because of delays occasioned by
breakdowns in both tagging vessels. :

of the fishing and gpawning runs : . R, 8° Isaacson

From the sampling program, information is provided on the age com=
position, growth, sexual maturity, and the proportion of each sex in the
various populations. The age-composition data provide estimates of the rel-
ative strength of the various year-classes and some indication of the extent
of future recruitment. Changes-in growth may reflect variations in feeding
conditions, . S : : C —_

During the 1953=5/ season, 386 herring samples (364 from the fishery
and 22 from the spawning grounds) comprising 35,136 individual fish were
collected. Care was taken to ensure that each sample was randomly selected
and whenever possible consisted of 100 fish, In sampling; the length, weight,
sex, and stage of maturity of each fish was  recorded and a scale taken for
age determination, '

- "The distribution of the samples taken during the 1953=54 season by
sub-district is given in the following tabulation with comparative figures
for the previous séason in parentheses, Twelve samples taken from the 1953
gummer Pishery in the lower-east-coast (5 samples) and west-coast (7 samples)
sub-districts are included in this tabulation.
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. In 1952-53 the sampling program was somewhat curtailed due to the
leck of a major fishery. The mumber and:generel distribution of the samples
taken during the 1953-54 season is eimilar to that for the 1.951=52 seagon.,

tr

e et
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‘Sub;aigtgiet ' ";f’/ o oy thbar_of samples i

Queen Charlotte Isla.nds o . '36? (0; .6 52;
Northern™ S o3 (19), 4 (6
North central _ 6. 1 (2)
South central | . C 53 (8) o2 (10;
Upper east coast . .2 (1) 7 . 0 (1)
Middle east coast . %54 (20) . 2 (6)
Lower east coast : . 80 (100) 4 09)
West coasb %8 (43) 3 (32)
fotal - 364 (214) 22 (66)

. _. The-average percentage age oomposition of ‘the herring comprising the
vintét runs (w% end spawning runs (S)- to the various sub-districts in 1953-
54 is given in the following talmlation. : _

-y

R - Winter or ’ e
Population Spawning _ - Age
— raps I XL IX IV V VI VIl

Queen Charlotte

0.08. 2.36 27.49 21,7 M.,lo,w 2,27
Iglands. ®

0.8, 51.08 11.91 24,17 9.9%4 1.54

= 1,96 28.35 29,37 23.80 13.33 2.54
= 0036 43.62 39,02 11.30 5.54 0.26

0042 5012 Thohl Lholl 4093 0.9 =
e e 85057 11034 o% 1003 e
0.18 5,52 70,41 18.00 ‘4,39 1.32 0.13
.= @ 7804416042 l?on» 1;03 =
0,16 9.31 65,87 15.20 6,61 2,32 0.45

Northern

North central
South eenﬁral
Upper east coast

- '2,43 28,59 40,98 18,8 6.77 1.91
= e 303 42.38 18.84 6.60 1.5,

- 09 5% 29 % 3423 6,18 0.62 0.4
- \;.16--,5‘,.5,5_ 33.98 6,30 - -

0,03 2.42 62.25 28.42 587 0,70 0,23

Middle east coast
Iower éast coast

West coast

s ug o o= g 6O 02 0=
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The 1951 year-=class (III-year fish) was the foremost contributor to both
the fishing and spawning runs of most of the major herring populations of
British Columbia, In 5 out of 8 of these populations it constituted more than
half of the run.

In the west-coast sub-district the proportion of III=year fish in both
the fishing and spawning runs was slightly higher than in the previous season.
This increase was most noticeable in the samples from the south west-coast
aress (Areas 23 and 24). In the north westecoast areas III- and IV-year fish
made about equal -contributions to the stocks. The 1951 year-class was more
prominent in the spawning runs than in the fishing runs, particularly in the
north west-=coast areas. = = »

In the lower-east-coagst sub-district in 1953=54 there was a slight drop
in the percentage of III=year fish (1951 year-cless) offset by an almost
corresponding increase in the representation of IV-year fish. The II-year
(1952 year-class) fish were less numerous in the fishing runs but were more
numerous in the spawning runs than in 1952=53. In recent years the age com=
pogition of the lower-east-coast population has, in general, shown little
variation, ‘ :

In the middle-east-coast sub-district indications are that the 1951
year-clags (III-year fish) is of below-average strength., In spite of its
large contributions as II=year fish in 1952-53, this year=class made the
smallest contribution for III-year fish in the past eight seasons. The 1950
year-class (IV-year fish) dominated both the winter and spawning runs, and
mede up approximately the same proportion of the population as it did as
III=year fish in 1952-53,

The herring stocks of the upper-east-coast sub-=district consist of a
number of fairly discrete local.sub-populations. Three of these sub-pop=
ulations (in Areas 12A, B, and E) were sampled in 1953=54. In each of these
areas, III-year fish represented more than half of the run. . Herring of age
II were above-average in abundance in Areas 128 and 12B and about average in
Area 12E, Limited sampling in this sub=district in 1952-53 precludes any
comparison with 1953<=54 data.

In 1953-54 both the fishing and espawning runs in the central sub-
district contained over 70% III-year fish, This was the largest contribution
made by the 1951 year-class to any of the major herring populations in
British Columbia. In both the north central and south central populations
this year=class compriged more than three-quarters of the spawning runs.

The 1950 year-clags (IV-year fish), although strongly recruited to the spawn=
ing stocks in 1952-53 made a below-average contribution for fish of this age~
group in both the north and south central populations. The 1951 year-class
is considered more abundant than the 1950 year-class.

" " 'The proportion of VI=year fish in the catch in the northern sub-district
in 1953-54 was larger than normal, The indications have been that this
year-class (the 1948) is not of above-average strength. Its relatively
large contribution in 1953=54 would suggest that the younger year-classes are
all of below-average strength., The 1950 year-class (IV-year fish) was dominant.
.In 1952-53, as III-year fish, it was better represented than was the 1951
year-class in 1953-54, The indications are, therefore, that the 1951 year-
class, at least on the basis of its showing as IlI-year fish in the fishery,
18 probably of -bélow-average strength and weaker in the northernm than in
other gyb-districts. For the second season in succession III-;, IV-; and V-
year fish have been almost equally represented in the fishing runs. Samples
from the spawning runs have contained almost double the percentage of III-
year fish found in the samples from the winter runs. - This suggests that,

at least in the .pasttuo yesrs, the recruitment of III-year fish was not
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completed until after the close of the fishery, More older fish were found
in the winter runs than in the spawning rums. :

The age composition of fishing runs to the Queen Charlotte Islands sub-
district in 1953-54 was roughly similar to that for the northern sub-district,
with fish of Ages III, IV, and V being the largest contributors. The 1949
yeer-class (V-year fish) was dominant in the fishing runs but in the spawn=
ing runs waes superceded by the 1951 year=class (III-year fish), The IV=year
gish"'(19so year-class) were poorly represented in both the fishing and spawmn-

ng runs. )

The average length (in millimetres) and average weight (in grams) of
herring of Ages II to VI in the winter runs (W) and spawning runs (S) for
éach population in 1953-5, are given in the following tabulation. Numbers
in parentheses indicate averages which have been baged, on:fewer than 10
fish, It should be noted ‘that no weights aré taken'of fish in the spawn-
ing runs. Populations are disignated by initial letters, i.e., Q.C.I. =
Queen Charlotte Islands, N. = Northern, N.C. = North.central, S.C. = South
central, U.E.C. = Upper east coast of Vancouver Island, M.E.C. - Middle
east coast of Vancouver Island;, L.E.Co = Lower east coast of Vancouver
Island, and W.C. = West coast of Vancouver Islard, -

o Average léngth (mm s ) Average weight (gms.)
Population I I vV Vi II I IV Vo VI v
Q.C.I. Area 20=E W -133 160 176 197 208 25 51 . 67 95 111 '
o S (150) 170 201 215 229
Area 2B-E W - 179 197 205 221 - - 68 93 105 151
| | S - 178 197 208 -
N. W 4 17 201 216 232 36 T2 106 131 145
S (165) 181 197 213 . 220 .
N.C. W 147 165 183 198 (214) 42 60 86 108 (139)
S = 182 194 (208) (227)
S.C. W 127 158 184 196 204 27 53 8, 102 116
8 = 178 195 (208) (206)
U.EC Wo12 155 17 203 225 35 56 85 117 154
M.E.C. W 148 174 196 204 224 43 2T 104 143 167
8 = 185 201 216 224 e
LEC. W 152 187 199 211 223 46 88 108 127 149
S 157 182 199 211 - y
Wo W 161 185 200 211 223 54 86 105 126 147
S 156 181 200 216 (234)
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The growth index for length (sup of the average lengths of the III-
and IV-year fish) and the comparable index for weight for each of the major
populations in 1953=54 are given in the following tabulation (comparative
‘figures for the previous season in parentheaee)s ‘

Population Growth index-length Growth index-weight

Queen Charlotte Islands

Area 2A-E 320),37(8) (=) 118 (=)
Area 2B-E 376 (382) 161 (= ;
Northern 378 (384 178 (191
North central 348 - 146 (=)
South central o S 342 (385) 137 (189)
Upper east coast of Vancouver 334 (455) pVA (299)
Island
Middle east coast of Vancouver 370 (377) 175 (173)
Island o i
Lovwer east coast of Vancouver 386 (380) 196 (171)
Island o S ' ‘
West coast of Vancquver Island 385 (383) 191 (180)

The herring populations of the west coast and lower east coast of Van-
couver Island sub-districts were the only populations to record increases in
growth in 1953=54. Although these increases were not great, they probably
reflect an improvement in ecological conditions. In the middle-east-coast
sub-district the growth appears to have been similar to that of the previous
gseason, : - ~
Tremendous decreases in both length and weight were recorded for the
upper-eagt-coast sub-distriot. However, these decreases appear to be due
mainly to non-comparative sampling in the two seasons of the various sub-
populations within this sub-district. Samples taken from the same locality,
and presumably from the same population, had similar growth indices in
both seasons. o : . :

The gouth centra)l population consists of several sub-populations, some
of which are apparently faster growing than others. The distribution of
' samples shows that both faste-and slow-growing sub-populations were sampled.
in 1953-54, whereas in 1952-53, only fastegrowing populations were sampled.
This probably accounts for the smaller growth. indices for length and weight
obtained in 1953-54. The runs to Areas 9 and 10, sampled for the first time
in several seasons, showed growth rates very similar to thoge previously
recorded, In general, little change was noted in the growth rates of any
individual runs comprising the population.: -

In the north central population only the inshore runs were sampled.

Two samples were taken from Meyers Pass (Area 6), a locality where mixing
between the inshore and offshore runs appears to occur. Both had a growth
rate similar to that of theginshore run, '

The growth indices for the population in the northern sub-district in
1953=54 showed a decrease from the previous season. Herring of Age III were
smaller ghd lighter and herring of Age IV,lighter. In contrast, herring in
the older age-groups (Ages V to X) were all larger and heavier than in
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1952=53, Ag recruitment occurs mainly at Ages III and IV, and if the recruited
and unrecruited portions of the stocks occupy different areas, the differences
in growth between the younger and older fish suggest that conditions for
growth may nét have been as favourable in 195354 in the areas occupied by

the unpecruited portion. '

In 1953-54, samples were obtajned from the winter and spawning runs to
both Areas 2A<E and 2B=E in the Queen Charlotte Islapds sub-district. In
1952-53, samples were obtained only from spawning runs to Area 2B-E. In
Area 2B-E in 1953<54, the size of fish in the winter and spawning runs was
gimilar. However, the spawning fish were gomewhat amaller than in 1952=53.

In Ared 28=E in 195354, fish of pach age=-class in the spawning runs were
considerably larger than in the winter runs,+but slightly smaller than those
in thé winter and spawning runs to Area 2B=E, - At present, no explanation .
éan be offéred for the differemce in the size of fish in the winter and
spawning runs in Area- 2A<E, - This popwlation has not been sampled before,
because until 1953-54 this area had not been fished for many years.

D, Spawn deposition ' - D, No Outram

This phase of the adult herring studies provides estimates of the
relative size of the spawning stocks from year to year. 'These estimates are
based on the assumption that the extent and intensity of spawn deposition
each spring are proportional to the number of fish that are left to spawn,
after theé préceding winter fishery has taken'its toll. The spawn deposited
each year also represents the start of a new year-class. A study of this
early life-history stage gives basic data on the relationship between year-
class recruitment and spawning. - _ C

»

Each year the spawning grounds in all major sub=districts are surveyed
by officers of the Federal Department of Fisheries. Separate estimates of
the amount of spawn deposited in theé west coast of Vancouver Island sub-
district are made by herring investigators. =~ = | ,

For each area, from a survey of individusl spawning grounds, data are
obtained on: (1) the extent (instatutory miles) of spawn deposited along
the intertidal zone, (2) the average intensity of spawn deposition calculated
by weighting the intensity of each individual spawning classified as very
1ight, 1ight, medium, heavy, and very heavy according to the number of eggs
per unit area in the ratio of 1, 2, 3, 4, and 5 reppectively. .

- In the following tabulation the number of statutory miles of spawn and
the average intensity of spawn deposition in 1954 are:shown for each sub=
district with comparable data for the previous year in parenthesess
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Sub=district Extent of spawning (miles) Average intensity
Queen Charlotte Islands ! 22,3 (13.7) 2,9 (2.9)
Northern ) 15 o6 : (17 02) 3 ol £3 06)
North central 4.9 ( 6.8) 2.9 (2.9)
South central 32,4 (39.9) 3.4 (3.3)
Upper east coast 15.3- (23.2) 2.8 (3.2)
Middle east coast 2000 (30 00) 3 03 (3 06)
Lower east coast 55,8  (82.7) 3.5 (3.7)
West coast 46,3 _ (64.3) 2.8 (3.2)
411 212,6 _ (277,8) 3,2 (3.4)

In 1953=5/ the extent of spawn deposition along the British Columbia
coast, although showing a decrease of 23.5% from the previous year, was the
second largest recorded in the past 10 years. A total of 212.6 miles of
spawn was deposited, compared to 277.8 miles in 1953, The large spawning
in 1953 was at least partly a result of greatly reduced fishing in 1952-53,
' The average intensity of spawn deposition was less in 1954 than in
the previous year., The south central area was the only region that showed
an increase in intensity. : : '

An increase in spawning was recorded in only one subedistrict, the
Queen Charlotte Islands. This increase was the result of greatly increased
spawnings in Area 2B-E, attributable, probably, to the small fishery in this
area resulting from the greater abundance and availability of fish in Area
24<E, In all other sub-districts the extent of spawn deposition decreased
from the 1953 levels, and generally, except in the lower-east-coast sub-
district, to levels similar to or slightly below the average levels prior
to 1953. The greatest decreases occurred in the upper east coast (33.9%);,
middle east coast (33.1%), and lower east coast (32.4%), However, in the
latter sub-district, spawning was still almost double that for any year
prior to 1953, The extent of spawning in the west-coast sub-district,
while reduced by 30%, still remained well above a level at which future
recruitment might be impaired.

F. H. C. Taylor

Since 1946-=47 no catch quota restrictions have been applied to
herring populations in the west coast of Vancouver Island sub-district,
while an annual quota of 40,000 tons has limited the catch in the lower
east coast of Vancouver Island sub-distriet. A fixed closing date of February
5 has applied in both sub-districts. The results obtained from this study
in 1953-54 will be discussed here. A full report. is being published in
the Report of the British Columbia Department of Fisheries for 1953.

1. goast _po

In 1953=54, population abundance on the west coast apparently increased
from the low level of 1951=52, This was indicated by the size of the cateh,
the third largest since 1946-47, coupled with a spawn deposition of above=
average extent. Area 23 provided the bulk of the catch, with above-average
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contributions from Areas 24, 26, and 27, The Area 25 catch was below normal.

Evidence indicates that while population abundance in Area 23 in 1953=54
is considerably greater than in 1950=51 or 1951=52, it may not have attained
the average level of abundance of 1947=-50. The catch in Area 23 in 1953=54,
while considerably larger than that of 1950-51 or 1951=52, was less than the
average catch for the period 1946-47 to 1949-50, Spawn deposition in 1954
in Area 23 was greater than in 1951 or 1952, but less than the average
deposition in the years 1947-50, _

In Area 25, the other major west=coast fishing area, the 1953=54 catch
was one of the smallest since 1946-47. Spawn deposition in Area 25 has pro-
gressively decreased since 1951, with the exception of 1953; when the in-
crease in Area 25 was proportionately less than in other west-coast areas.
Population abupdance in Area 25 may, therefore, have declined.

The relative contributions of the various year-classes provide an
explanation of the changes in abundance noted in the two major fishing areas.
In the south westecoast areas, the decline in abundance in 1950=51 and 1951-
52 was the result of the recruitment of two succegsive year-classes (the 1948
ard 1949) of below-average strength, while the inerease in abundance in 1952-
53 and 1953=54 resulted from the recruitment of two average or above-average
year-classes (the 1950 and 1591). In the north west-coast areas, the 1948
and 1949 year-classes were also weak, but because of the relatively great
contribution made by the very strong 1947 year-class as IV- and V=year fish
in 1950=51 and 1951=52, the decliné in abundance was not as pronounced as
in the south west-coast areas. However, the 1950 and especially the 1951
year-classes do not appear to have been as strong in the north west-coast
as in the south west-coast areas, With no strong contribution by older
year-clagses, abundance has, therefore, declined. ‘

2e

In the lower-east-coast sub-district, abundance has continued at the high
level that has existed since 1951-52, Following the record cateh of 52,660
tons, spawn deposition in 1954, although showing an expscted decrease from
the exceedingly high level of 1953, was still the second highest recorded.

The 1949 year-class was considerably stronger hére than on-the west coast,
and the 1950 and 1951 year-classes have also been of abave-average strength,
Abundance wes maintained in 1953=54 by the good recruitment of the 1951 year-
class as III-year fish and the above-average contribution of the 1950 year-
class -as IV-year fish, : . ‘

3, A _reviey of the results of the comparative s

During the past eight years, the results of the comparative study have
indicated that on the west coast during periods of high population abundance,
the lack of quota restrictions has not affected abundance. The opportunity
was lost in 1952-53 to assess the effect of unrestricted fishing during a
period of low population abundance. The fluctuations in abundance that have
occurred during the course of the study are explainable on the basis of
variations in the success of the different year-classes., It has also appeared
thet fishing has not been entirély unrestricted. In certain areas, particularly
Area 25, patural limitations have been imposed by late inshore migration after
the close of the fishery. =~~~ ) o

On the lower east coast, the present fized quota has not apparently been
effective in stabilizing population abundance, and may have resulted in some

L[]
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wastage of fish during periods of high abundance. Spawning escapements
especially in the last three years, appears to have been much larger than
necessary to maintain abundance. The 1947 to 1951 year-classes have all been

of average or above-average size, yet these year-classes resulted from spawn
depositions of one-third to one-half the size of the spawn deposition of the last
three years. The fluctuations in population abundance that nave occurred

appear to be readily explained on the basis of variations in year=class
strength,

There is, on the other hand, some evidence that may indicate that a
form of restriction may be necessary to conserve this population. Tag returns
have shown that this population follows a single migration route inshore
passing progressively through or into each major area, in any of which the
major fishery may develop. This single migration route, together with the
early inshore time of migration, render this population vulnerable. There is
a possibility that expleitation could readily be increased, but whether to
an extent that would be detrimental has not been determined.

The west-coast and lower-east-coast populations were chosen for the
comparative study because they were considered to be the most closely related
stocks with regard to geographical location and extent of intermixture, The
past eight years of study have shown that certain fairly fundamental differ-
ences, however, exists between these stocks. While these differences would
appear to throw some doubt on the usefulness of the lower east-coast population
as & control, it is unlikely that they will materially affect the validity
of the main conclusions to be drawn from the experiment or of their general
applicability to other populations. The differences found were:

" (1) A difference in migration pattern and times of migration. Tag
returns have shown that the lower-east-coast stocks receive apparently quite
substantial contributions from stocks in the middle-east-coast sub-district
and that the stocks which spawn in the three major lower-east-coast areas
(Areas 17A, 17B, and 18) are completely mixed and fail to show significantly
less intermixture with increase in distance separating the spawning grounds.
The lower-east-coast herring follow a single migration route in from the
offshore feeding grounds. On the west coast, tag returns have shown that
there are two relatively discrete sub-populations consisting of four main
mins each, One sub=population comprises those runs to Areas 23 and 24, the
other those to Areas 25 to 27. The runs to the various areas probably
approach the coast separately, The times of the inshore migrations to the
lower east coast, south west coasst and north west coast are progressively
later, ' ‘ ,

{2) Om the lower east coast spawn survival is apparently higher and the
factors which influence survival more constant that those on the west coast.
On the west coast, an average spawn deposition of 43.1 miles was followed by
an average catch of 33,500 tons, while on the lower east coast an average
deposition of 16.7 miles was followed by an average catch of 43,700 tons.

(3) No statistically significant relationship has been found between
the fluctuations in population abundance in the two sub-districts.

It is planned to investigate these apparent differences more closely
and to obtain more information on the spawning stocks contributing to the
lower-sast-coast fishery. It is intended to intensify tagging in the
middle and léwer-east-coast sub-districts and aslso to institute a spawn survey
by investigational personnel.

Fo Fo Hn CQ Taylor

The tenth in a series of anmual forecasts of the prospects of the
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herring fishery was prepared in September, 1954. The accuracy of the forecasts
depends on knowledge of future population abundance and on the assumption that
herring will be available to the fishing fleet in proportion to their abun-
dance,
) Relative abundance of herring in the previous fishing season and
the quantities expected to enter the fishery before the next fishing season
form the basis for the estimation of future population abundance. The size
of the catech, the ease with which it is taken and the amount of fish left
to spawn, provide information used in estimating previous abundance. An
assessment of the relative strength of the various year-classes obtained from
a study of the age composition of fishing and spawning runs,; enables an
estimation to be made of the amount of recruitment to be expected the follow-
ing year.

The various assumptions made in estimating population abundance the
previous year and for predicting recruitment have been discussed in Appendix
83-of the 1951 Report,

It is considered unlikely that as good catches will be made on the west
coast in 1954=55 as in 1953=54, The catch will be better in the south west-
coast areas than in the north west-coast areas. Evidence has been presented s
in previous sections of this report which showed that, although abundance has
incregsed in the south west-coast areas, it has not reached the general
level attained prior to 1950=51, Abundance in the north west-coast areas has *
apparently declined. The 1951 year-class, which supported the fishery, was
of average or above-average slze;, and was stronger in the south west-coast
than in the north west-coast areas. Indications are that the 1952 year-=class,
upon which the 1954-55 fishery will depend, may not be as strong as the 1951
year-class, particularly in the north west-coast areas,

2,

Present indications are that the 1952 year-class may not be as strong
as the 1950 and 1951 year-class, and hence gbundance may decrease in 1954=55.
However, the general level of abundance is expected to remain high and the
quota should be readily taken,

in the summer of 1954, a fishery again developed in Area 14 and a
catch of 4,000 tons was taken by the end of July, probably largely from re-
sident herring stocks, It seems likely that the main migratory stock was not
éxploited and for this reason it is expected that the balance of the quota
will be taken from the migratory fish passing through Area 13 in the fall.
In view of the indications that the recruitment of the 1952 year-class and
the contribution of the 1951 year-class as IV-year fish will not be particu-
larly large, greater fishing effort may be required to take the quota in
1954=55,

- It is unlikely that in 1954=55 any increased catch can be expected or
that with the usuel amount of fishing effort the quota will be taken, In
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1953-5/ the stock was sustained almost entirely by the strong contribution
of the 1951 year-clags as III-year fish, The contributions of the 1953 and
1952 year-classes as I- and II-year fish were the lowest recorded in recent
years.

It is considered that in 1954=55, the 1951 year=class will dominate
the fishery as IV-year fish and that the contributions of the 1952 and 1950
year-classes may be less than average for III- and V=year fish respectively.
Abundance is, therefore, expected to be about the same as in 1953=54, Fish-
ing should be better in Area 7 than in Area 6. Catches in Area 9 will pot
be as good as in 1953=54,

6.

The condition of the stocks in this subedistrict is considered to be
the poorest for some years. The quota was just reached in 1953=543 availe
ability was down sharply and spawn deposition reduced somewhat from 1953,
 The 1950 year-class was dominant as IV's, Indications are that the 1951
year-class was not as strong in the north as in the other sub=districts.
Therefore, it is considered that while the quota may be taken in 1954=55, it
will be taken less readily than in previous years.

Area 2B-E, The stock appears to be at.a high level of abundance.
The 1951 year-class entered the fishery strongly es IIl-=year fish and should
gsustain the fishery as IV's in 1954=55, Spawn deposition showed a remarkable
increagse. Prospects are good for an intense fishery in 1954=55,

Area 24-E, A good fishery should develop in this area in 1954=55..
The 1951 year-class as III's was well recruited in 1953=54 and should sustain
the fishery in 1954=55.
G

A. L. Tester

A study is being made of age composition and catch data collected over
a périod of about 40 years from the purse seine fishery of the lower east
coaat of Vancouver Island with the object of obtaining tasic information on
mortality and resruitment from "survival curves® (the plot of logarithm of
number of fish against age). :

Average total annual mortality rates were similar (0.80) in two periods
(1925-26 to 1931-323 1942-43 to 1951-52) of similar average catoh (40,000
tong). The rate was less (0.70) in an early period (1909-10 to 1917-18) of
lower average catch (about 20,000 tons). o
) The patire of recruitment of a year-class to the fishable stock appears
to have changsd throughout the yeari. In earlier yedrs figh appear as new
recruits at Ages II ¢o V (or older)s im recent years they appear as new
recruits at Ages I to IV. This anomaly is not adequately explained by pos-
sible changes in gear selectivity, sampling technique or age interpretationm.
It may be related to a long term trend in ocean temperature and its influence
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on food supply, growth and maturity. .

X forimila has beeh déveloped which permits the direct celculation of
natural mortality rate frém data pertaining to two periods of equilibria,
agsuming the same absolute recruitment in each.

From changes in catch and mortality rate between the two periods of
approximate squilibria, it has been possible to estimate natural mortality
rate as about 50% per anmum. This agrees with a rough estimate previously
made from thé age-composition of virgin or near-virgin herring populations,

Accepting the mortality estimates, calculations indicate that the lower-
east-coast fishable stock has averaged 830 million fish (87 thousand tons).
in reeent years. This agrees well with estimates made by Stevenson and
Outram from spawning ground surveys and catch which. place the average pop-=
ulation at about 607 million fish,

The investigatiom of mortality and recruitment will be extended to
other herring populations as time permits.

2, vsis of herring tagging data, 1936 to 19 J 0. Stevenson

Herring tagging and recovery have been undertaken since 1936, The
data have been analysed each year, and the results were published annually
in the Reports of the British Columbia Figheries Department. The desirability
of having a general assessment of results accumulated during this long-term
study has become apparent, and this summer the writer analysed the results
from the point of view of their bearing on herring movement. The resulting
paper was presented in Paris in October; 1954 to a Special Scientific Meeting
of the International Council for the Exploration of the Sea, and it will
appear shortly in the Rapports et Proces-Verbaux of that organization. A
sumary of the metheds and problems of tag-recovery was also included in the

To '

From 1936 to 1951 the mumber of herring tagged in British Columbia
waters amounted to 555,521 comprising 310 individual taggings.

The general method of studying the intermingling of herring stocks
necessitated relating the actual numbers of tag recoveries to the estimated
total mumber of tags in the catches, Certain assumptions were involved in
this method of analysis. They pertained to rate of exploitation, recrui tment,
intensity of tagging, and random distribution of tagged fish in the stocks..

The total mumber of tags recovered in the fishing seasons ‘from 1936=
37 to 1951=52 was 20,328, or 3.7% of the mmber of fish tagged, The per-
centage recovery was considerably greater in the later years of the study -
than in the early years, due mainly to increased opportunity for plant
recovery and generally increased exploitation of the herring stocks. All but
1 of the 310 individual taggings produced returns, Recovery of tags de-
creased with increase in time between tagging and recovery. -

The recovery data revesled a strong tendency for tags to be recovered
in or near the area of tagging, indicating that most herring return -in the
fall and winter to the inghore area in which they spawned the previous spring.
It was concluded that British Columbia herring comprise a limited mumber of
more or less distinat populations, a conclusion which is in general agreement
with results from studies on meristic characters, age composition, and wtho

Migratory and resident herring populationg were distinguished on the
basis of popitlation abundance, seasonal migration, growth and age composition,
location of spawning grounds, and homogéneity of individual runs. Eight
nigratory populations were identified according to the general coagtal regions
in which they spawn and are fished == (1) the east coast of the Queen '
Charlotte Islands, (2) northern mainland coast, (3) morth central mainland
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coast, (4) south central mainland coest, (5) middle east coast of Vansbuver
Island, (6) lower east coast of Vancouver Islend, (7) south west coast of
Vancouver Island, and (8) north west coast of Vancouver Island. There is a
tendency for the main fishing and spawning grounds of -each population to be
located in the more southerly part of the region (or sub-district) of
their inshore concentration, and for movement within each sub-district to be
northerly, This has suggested that the route of migration from offshore
feeding groupds to inshore waters is also northerly, and this indication is
supported by the only tag-recovery taken from offshore waters, The migratory
populationg provide about 95% of the anmual herring catch.

The mymerous small resident populations are mostly concentrated in the
long inlétg of the north central, south ¢entral and upper-east-coast regioms.

Informatiop on their movements is sparse since not all have been tagged.

They show a considerable degree of -igolation from neighboring migratory
populationg end from each other. Herring of resident populations are rel-
atively slow-growing, suggesting that their summer feeding areas are less
preductive then the offshore feeding areas of the migratory stocks.

. The recovery data indicated that about one-quarter of the fish of each
major migratory population emigrates to other populations. Fish of the
middle eaat coast of Vancouver Island showed the greatest emigration (45%)
an indication that this population was the least independent stock.. Least
emigration accurred from the lower-east-coast population (16%).

‘ The spqunt of emigration from eme population to another varied with
the distance separating the populations. It was concluded that the herring
of British Qolumbia tend to form'a geries of intermingling populations,

" The individual herring runs of the south west-coast and north west-
coast of Vancouver Island showed a type of intergradation which resembled,
on a smaller scale, the intergradation of the major migratory populations.
There was evidence that the individual rums within the northern and north
central popylations also followed this pattern. In contrast, the runs
within the population of the loweér 'east coast of Vancouver Island appeared
%0 be freely mixing end homogeneous showing no differential emigration out-
eide the suh-district.

Emigration from individual herring runs of the middle east coast res-
embled that of the runs of the west-coast populations in certain respects.
However, thq presence within this sub-district of resident or partially
resident stqcks, as well as a migratory stocks, resulted in a relatively
complicated situation,

The aim of the early life-history studies is to obtain information
on survival during these stages which will permit an estimate to be made of
the relative strength of a -year-class before its recruitment to the fishery.
No relationghip has been found between the amount of spawn deposited and
resulting mymber of recruits in the west-coast population or in other major
herring populations. Good year-classes have at times arisen from relatively
small amounts of spawn and poor year-classes from relatively large amounts.
It would appear that in all populations the amount of spawn deposited has
been greater than that needed to maintain the stocks, and that the fluctuations
in year-clags strength have been brought about by factors affecting survival
between spawning and recruitment. Studies have, therefore, been undertaken
on each majqr life-history stage. These were begun in 1947 and have been
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carried out principally on the west coast of Vancouver Island. Survival of
spawn during incubation and survival during the larval period were studied
first, and in 1951 an investigation-of survival during the juvenile stage (from
metamorphosis to the end of the first year of 1ife) was begun. Although data
from these studies have not been completely analysed it is considered -that
abundance as juveniles will be more useful as an:indication of relative year-
class 'strength than abundance-at an earlier stage of the life-history.

A, D. Ne Outram

Since the begimming of intensive spawm studies (1947) on the west
éoast of Vancouver Island, two major aspects of spawn mortality have been
investigated. The first major aspect studied vas the loss caused by sea-= ,
birds consuming herring eggs and eelgrass on the spawning beaches, Mortality
from this source, while great (approximately 40%), appears to be fairly con=
sistent from year to year, No additional data were obtained during the 1954
spawning season., The other major aspect studied was the determination of the
amount of eggs lost as a result of other envirommental factors, mainly physical
and chemical, Further data relating to these were obtained during the spring
of 1954, mainly for comparison with similar data to be obtained from the
lower east coast of Vancouver Island. '

As in 1953, numerous spawning grounds on the west coast of Vancouver
Island were investigated by "spot" sampling to assess natural spawn losses.
Particular attention was given to (a) the position of the spawning ground and
its effect on spawn survival, (b) the effect of depth below zero tide level,
and (c) Pactors responsible for the instances of umusually high or total
spawn mortalities. : :

(a) Speyn mortality in relstion to exposure and weter circulation. The west~
coast spawning grounds studied in 195, were classified ascording to the
following categoriess ; ‘ ‘

Category ‘ Type

I Grounds well protected from wave action, éenérally found at
the head of sheltered bays and inlets. Very little exchange
of saline waters,

II Grounds protected from most wave action but greater exchpange
of more saline water occurs in these localities. '
III * Semi-protected grounds, ocean swells occaéionally reach these
regions, ) ‘ : ‘
Iv Grounds with only slight protection from the ocean.
v Grounds directly exposed to the open ocean, storm, winds,

and heavy seas frequently occur in these localities,

o7 In 1954, 12 west-coast spawning grounds were studied, The percen-
tage of dead eggs found on each spawning ground is shown in the following
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tables
Percent dead eggs found on spawning
Spawning ground Area grounds classified aceording to geo-
—graphic protection
S & 111 v v
Little Whitepine Cove 24 60.0 y
Big Whitepine Cove 24, 27.0
Bawden Bay 24 30.0
Cypress Bay 24 5.0
Malksope Inlet 26 7.0
Nasparti Inlet 26 3.0
Clanniniek Cove 26 2,0
Bungby Islands 26 2.0
Owasitsa Creek 25 1.0
Ewin Inlet 25 - 7.0
Catala Island 25 4.0
Maccah Pagsage 23 20,0
Average percentage of 60.0 17,2 2.5 505 20.0
dead eggs

The above table indicates that the least mortality of eggs (2.5%)
was found on semi-protected spawning grounds (category III) where moderate
water-movements occur, Natural egg mortality was-highest on grounds subject
to extreme conditions (categories I and V), i.e., where the spawn is either
exposed directly to open ocean or is so completely protected geographically
that there is inadequate circulation. Eggs deposited on category I spawning
grounds may have been affected by brackish water conditions; while eggs
developing on category V grounds were subject to heavy wave action which
destroys both the eelgrass and the attached eggs.

- Approximately 20% of the 1954 west coast of Vancouver Island spawn-
ing grounds were of categories I and V. The percentage of grounds in these
categories is probably fairly constant from year to year. Hence, it is
unlikely that differential spawn mortality cuased by the degree of protection
is an important factor in produeing variations in year-class strength,

(v) Spawn: i n_relation to der Eelgrass beds were sampled at
various positions above and below zero tide level to determine the effects
of differential exposure of spawn at low tides, As shown in the table below,
spawn that was covered at nearly all stages of the tide experienced the least
mortality,




=100= HERRING

m@igk_m _Ared differept depths

Below O fo . O £t %o #4 £to +4 £t to #12 Ft,
E'Win Inllet 25. Bop L 7.0 9.0
Owesitea Creek 25 2.0 . 1.0 2.0
Cypress Bay 24, 4.0 5.0. 6.0
Macoah Pass 23 6.0 400 10,0
Average percent 3.5 4oR 6.7
of dead eggs

Spawn ‘that was deposited high upon the beaches (+4 ft. to +12 f£t.)
experienced the greatest mortality. Eggs in this position on the spawning
grounds would be subject to longer periods of frost or dessication during
changes of the tide.

98 _o! 1 conditions, During the 1954 .survey there
were several instances when spawning grounds showed almost a total egg mortality.
It was noted that in the majority of these regions (Amai Imlet, McKey Passasa, .
and Mosqiito Harbour) récent logging operations had taken place. In previdus
surveys it had been noticed that eggs deposited on cédar branches soon die.

The possibility exists that chemicals leached from fallén logs, particularly
cedar logs, may pollute thé water over the spawning beaches.

The results of the 1954 studies suggest again that, except in the
cases where total mortality occurs, natural spawn mortality is not likely to
be a major factor in the success of reproduction,

(¢) Total losses caused by

A, 8, Hourston

A study of the juvenile stage of the Pacific herring was inangurated
in 1951 .in an effort to determine year-class strength at this stage and its
relationship to recruitment two and one=half years later. -Prediction of year-
class strength in itself is an important objective of the herring researchs
it also provides an early check on the effect of management procedures. Since
the strength of a year-class does not appear in most cases, to be related to
the amount of spawn producing it, and since the herring are extremely vul-
nerable to major mortalities during the egg and larvae stages, the stage im=
mediately following metamorphosis %juvenile or first-year fish) presents the
earliest practical opportunity. for the assessment of year-class strength.

For better interpretation of these assessments, studies are being made of
size groups, growth rates, and envirommental conditions. The relationship of
the juvenile population to the adult spawning population in an area is being
investigated by tagging the older juvepiles and recovering the tegs in the
adult fishery. Tagging mortality experiments and tsg-recovery tests provide
the supplementary data necessary to interpret the results.

The lateness of the field season precluded even the preliminary
analysis of the 1954 data in time for presentation for this report and the
data will be presented as & unit in the 1955 report, Data on population
estimates for the 1952 and 1953 studies were presented in the 1953 report, but
the analysis of the sampling data was not completed at that time, and the
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1953 tag-recovery program was still in progress. An analysis of these programs
is presented below,. R ’

1o 8ize and growth

(a) Sampling., The sampling program provides date for the comparison of size
and growth of juvenile herring from different localities and different years.
Each sample consisted, where possible, of 100 fish, The standard length end
the weight of each fish were recorded., Samples were obtained from a number

of sources. In the following tabulation are shown the number of samples taken
and the mumber of fish sampled ‘in 1952 and 1953 from each source of samples.

‘ Series_ » - Fumber of samples Number of fish
. © . 1952 -1953 - 1952 1953
Yy o o . » = s S ) - —
Barkley Sound 56 - 69 8,252 12,243
Barkley Sound = Recoveries of 9 Co2 24 63
~© " marked fish :
Clayoquot Sound - Sydney Inlet 2 - - 166 =
Nootka Sound = Esperanza Inlet 8 - 1,005 =
Lower east coast of Vancouver - 9 = 1,685
Islapd S ~
Mortality experiments in live pond 6 53 877 - 1,359
Mortality experiments in laboratory n
tank ' - 34 = 271
Adult fishery - 9 - 50 -
Totals | 90 192 10,834 15,621
(b) Growth of juvenile herri and 1953, The

juvenile growth of the 1952 a y Sound was expressed,

as was the data on the 1951 year=class, in terms of age-length, age-welght,

and length-weight relatiomships. Age is given as the number of days after

the estimated average hatching date of March 26 in both years. Differences

between semples in age-length and age=weight relationships represent dif- !
ferences in growth rate, whereas differences in the length-weight relation-

ship indicate differences in body shape.

(1) Age-1length relationship, The 1953 fish showed a distinct tendency
to be shorter than the 1952 fish of the same age., This tendency was espec-
ially pronounced after the end of July. The 1951 fish tended to be inter- ‘
mediate in size between the 1952 and 1953 fish. \wl/

{2) Age-weight relationship, The 1953 fish showed a tendency to be '
lighter than the 1952 fish, but both groups were heavier than the 1951
juveniles, ) ‘

The amaller size cf the 1953 fish may reflect adverse feeding or

enrirommental conditions during the summer of that year, It is noteworthy
in this connection that spring and coho salmon wére smaller in 1953 than in
1952 and that whales on the west coast of Vancouver Island were in compara-=
tively poor condition in 1953,
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(3) Length-weight relationship. The logarithmic length-weight relat-
ionship for 1952 and 1953 year-classes were virtually ldentical., This rel-
ationship appears to remain relatively constant over periods of good (1952)
and poor (1953) growth, The slight difference in the length-weight relation-
ship for the 1951 year=class, to be expected from the differences in the age-
length (intermediate) and age-weight (lighter) relationships, may reflect
poor local feeding conditions,

(0) Len

h .

t n S8 bGO

Lengt oups within sub-populationg. The wide veriation in length and
weight of juveniles of comparable "ages" and the wide variation in hatching
dates of the various spawnings involved suggested the presence of more than
one size=group within a population.

To detect the presence of sige-groupe a graphic analysis of poly-
modal frequency distributions was used, This method was tested in Departure
Bay, a relatively isolated locality, where mixing with other sub-populations
can be considered negligible. From analysis of the 1950, 1951, 1952, and
1953 data it was shown that size-groupe are due to the age differential re-
sulting from spawnings at different times and that the differences detected
by the graphic analysis are probably real. =

In Barkley Sound, because of the number of spawnings contributing
to the juvenile stock, it was not possible to associate each size-group
with a definite major spawning. A mmber of size=groups was found in different
localities throughout the sound. A careful analysis showed that each local=
ity would appear to contain a separate sub-population which differs from
sub=populations in other localities in the number of size groups, sizes rep-
resented and/or growth rates. Separate sub=populations are considered to be
present in Banfield Inlet, Sechart Channel; Useless Inlet, and off Effingham
Island, The possibility remains of migration from Uchucklesit Inlet to San
Mateo Bay, thus forming a single sub=population in this vieinity, a similar
migration may oceur from Pipestem Inlet to Ucluelet Inlet.

0

(a) | Tagging, Juvenile herring are tagged late in the summer, shorily before
they move out of the bays and inlets. A small metal body-cavity tag is used
and the ssme technique employed as in adult herring. Taggings carried out in
1952 and 1953 are summariged belows
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Of the 7 recoveries, 2 had been out for over two years, 4 for a little
over one year, and 1 for two weeks, With one exception (the C18 tag) all
recoverieg were from the area of tagging. The first CAAC tag might have
been recovered in Smith Inlet, but the possibility is much greater that it
wag recovered in Sydney Inlet, the area pf tagging. Since no ma,;or migrations
were indicated by the recoveries of II-year fish %tag ed in 1952) the
migration of one of the III=year fish (tagged in 1951) to the central sub-
district is considered exceptional. On the basis of these few tag-recoveries,
it would appear that herring return as adults mainly to the area where they
were reared.

{e) Tag-recovery testgs. In 1953=54, 16 tests were carried out in 7 reduction
plants to determime their efficiency in recovering juvenile tags. These tests
were carried out simultaneouply with tests with adult tags., The results are
summarized in the table below, Figures in parentheses include special tests
and tests where juvenile and adult date may not be strictly comparable.

Plan} Fumber of

’ tests
1, Colonial 2(3)
2, Gulf of Georgia 1
3. Imperial 3(4)
4. Kildonan 1
5. North Shore 3
6. Phoenix 3
7. Port Albion 1l
A1l plants 16 75(73) 86 (083;
Larger plants 8(6) 85(73) .93 (.83

(1, 2, 3 above)

’ 'l
It would appear that plant magnets recover juvenile tags about 90%
as well as adult tags, resulting in an average efficiency of about 80%.
While there were comsiderable differsnces in efficiency between plants, the
annual averages showed little variation, The loss of tags in plants ig,
therefore, a comparatively minor factor in the total loss of tags between
the tagging and recovery stages.

When fish are marked or tagged, mortality may result from the mark or
tag and from handling the fish. This mortality reduces the effective number
of marked or tagged fish at large. To determine the extent of this mortality,
controlled experiments were carried out in 1952 and 1953 in which groups of
marked or tagged fish were held in live ponds or laboratory tanks, The results
of these experiments are tabulated belows
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Expériment" Locality Duration ‘AObserfed survival Corrected survival
gumbey . deys _ Controls Marked Tagged Marked Tageed

1952

Iive pond - 22 100 81

1 = 8l -
2 ‘Live pond 19 100 88 - 88
1953 : !
1 Iive pond 16 9L . 44 16 53 25
2 Live pond 6 - 62 = 0 = 0
3 Live pond 16 9% .89 0 o7 0
4 Live pond 16 97 96 0 99 0
5 - Lab, tank 51 49 65 0 100 0
6 Lab, tank ' - 16 86 = o = 0
7 Lab, tank 16 8, - = 0 e 0

The percentage mOrtality of the coutrols (unmarked fish handled in a similar
manner to marked fish) is considered to represent the mortality due to causes
other than marking. Ignoring the results of 1953 Experiment No. 1, whose
conditions were not considered standard, the marking mortality experiments
indicated that without taking the mortality of the controls into account, an
average survival of marked fish of 84% is obtailned over the period of the
assessment, Survival of marked fish was 93% of that of the controls. This
compares favourable with the value of 87% found in 1951.

In 7 tagging mortality experiments carried out in 1953, none of the
tagged fish survived in the last 6. The first experiment was terminated
while tagged fish were still dying. Juvenile tagging mortality must, thus,
be extremely heavy, but it is evidently not complete as shown by the recovery
of juvenile tags during the 1953-54 fishery, On:the basis of the recovery
of tags put out in 1951, survival from juvenile tagging is estimated to be
less than 1%, This figure may possibly be unduly low, as an approximately
similar estimate was obtained from the recovery of 1952 tags at a time when
the 1952 yearuelaes -was not recruited to the fishable stocks to any extent.

Zo vReiationshig~“__g,_

In an effort to determine what factors have a direect bearing on the
presence and abundance of juvenile herring, observations have been made of
the conditions of the enviromment in which juvenile herring are found.
Factors studied in the 1952 and 1953 surveys included geography, prevailing
winds, and temperature and salinityo

(a) _umgggggx While virtually all the major spawnings occur on the narth-
west side of Barkley Sound, juveniles tended to concentrate on the southsast
side in narrow inlets, emd in bays %o the southeast of some of the larger
islands. The fish were usually found within 500 yards of shore. In both
1952 and 1953, inlets, channels etc., running in a northwest = southeast
direction seemed to provide better rearing grounds than those running in a
northeast = southwest direction,

(b) Wind. The concentration of juveniles on the southeast side of the sound
and in inlets lying across rather than along the main axis of the sound,
suggests that some factor tends to direct juveniles in a southeast direction
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from the spawning grounds. It appeared that wind might be a fgaotor. The
prevailing winds in Barkley Sound in the summer are westerly and their average
effect would presumsbly be to drive surface water toward the southeast shore.
This transport could result in a direct displacement of the herring or it
could cause a concentration of food supply on the southeast shore in inlets
running in a southeast direction or in eddies on the lee of larger islands.
However, the data on population abundance are extremely variable and patchy
and fail to show any relationship to wind direction. This would not imply
that no such relationship exists, but that other factors affecting observa-
tions, such as weather, run-off, phase of the tide etc., are exerting a
stronger influence on observable abundance that is the wind. ‘

mperature and 5_‘;..-

(¢) Temperature and salinitv. In 1952 and 1953, attempts were made to gather
sufficient data on temperature and salinity to permit examination of their
relationship to juvenile herring abundance. The results obtained were not
clear-cut. ' “

In 1952, a very significant relationship was noted between temperaturs
and abundance of herring on the surface water, Juveniles appeared to show a
preference for colder surface water, No significant relationship to salinity
was noted. In 1953, po significant xmeldtionship was noted between juvenile
abundence and surface water - watuegy However, significant relationships
%o both temperature and salinity were found at depths of 40 to 60 feet.
Waters at these depths where herring were abundant were warmer and less saline
than where -they were absent. S

A consideration of the relationship between herring abundance and temp-
erature in the two years would appear to indicate that Juvenile herring are
most ¢ikundanbiin waters whose temperatures for the first 20 feet are relatively
low (6£553%%) but whose deeper temperatures (40-60 feet) are relatively high
(50°F). The juveniles may thuse be associated with a minimum temperature
gradient rather than with a specific temperature.

5. Ihe 1954 field program

Field surveys were contimued in 1954, with a greater emphasis on the.
relationship of juvenile abundance to ecological conditions. Systematic
observations of plankton abundanee, current, temperature, and salinity were
made in relation to juvenile abundance. However; the delineation and asses~
sment of stocks remained the primary objective, with one boat working
exclusively on this aspect (July 26 to September 18) and the other boab
devé¥ing about one=third of its time to this field in the period July 28 to
September 28, This resulted in a more complete coverage of this aspect than
in previous years. In order to accomplish this, the tagging program and
nortality experiments were dropped in 1954. It is anticipated that the
programs in the previous will provide adequate data in these fields. The
195/ program began approximately two weeks later than in the previous years.

®
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GROUNDPISH - K, S, Ketchen

The main objective of the groundfish investigation is to
establish the means of describing and predicting fluctuations in the
availability of bottom-fish which contribute to the trawl and line
fisheries of British Columbia. About 20 species are involved in these
fisheries, but only 6 or 7 are in sufficiently consistent demand to
warrant detailed study.

Year~to-year changes in availability may result from fluctua-
tions in the wvulnerability of fish to capture and {or) from changes in
abundance. The latter may in turn be the result of fishing or of factors
in the natural environment which govern survival; Thus, in order to
understand changes in availability it is essential that the forces of
nature be mwoperly distinguished from those of exploitation. Various
phases of the work are geared to provide this understanding: (1) the
collection of accurate catch statistics is perhaps the most important
part of the work, for it provides the records of catch and effort neces-
sary for computing measures of availability; (2) tagging experiments
are being conducted not only to define the 1limits of various populations
but also to assess rates of fishing and natural mortality; (3) age and
growth studies provide important information on the extent of variations
in the strengths of year=classes and at the same time reveal the effects
of fishing on both mortality and growth rates; {(4) surveys of important
fishing banks are being conducted to determine the geographical relation-
ships of the nursery grounds to the adult grounds and to determine quanti-
tatively the year-to~year fluctuations in the strengths of year-classes
at the juvenile stage; (5) attempts to associate biological changes wi th
changes in the physical environment are being made through the study of
oceanographic and meteorological data,

In the year ending September 30, 1954 there were no major
changes in the conduct of the investigation. However, some of the field
work was reduced to provide more time for analysis of data already on
hand., The Investigator No, 1 was employed during the winter of 1953-54
in numerous tagging projects in the Strait of Georgia, and during the
summer months in the survey of north coast banks,

Considerable attention was again given to the trawl fishery in
the Strait of Georgia which is being re-established on a limited basis on
a number of grounds along the east coast of Vancouver lsland. The catch
from these grounds in the winter of 1953-54 amounted to 1,190,000 pounds
of food fish and represented 49% of the total for the entire strait.

During 1954 a project for the development of a mid-water trawl
for herring was undertaken with funds from the Industrial Development Vote.

CATCH AND AVAILABILITY

During the year ending September 30, port observers at Vancouver
and Prince Rupert obtained 832 reports from otter-trawlers, 350 from salmon
trollers, 200 from shrimp and crab boats and 60 from long=line vessels.

The number of trawler reports was down by 21% from that of the previous
year, while the number of long-line reports was down by 50%. The decline
in landings is a reflection of a poor market condition which has been
keenly felt for the past two ysars, particularly in the frozen fish trade,
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Although the United States trawler market has been very active in response
to the demand for "fish sticks™, no similar reaction is yet evident on the
west coast of Canada. However, as in the previous year, considerable quan-
tities of fish landed at Vancouver have been shipped in load lots to the
State of Washington. This has kept the Vancouver market fairly active.

Regarding the compilation of catch records, considerable effort
was expended during the summer of 1954 in bringing the statistics of the
past five or six years into final form, _

It is the custom to include in these summary reports the catch
statistics of United States vessels which operate off.the British Columbia
coast. However, no opportunity arose during 1954 to obtain these records.
They will be presented in the 1955 report.

A, Tabulation of 1953-54 trawl landings in
British Columbia C.R. Forrester

The summary of trawl landings for British Columbia is again pre-
sented according to three major fishing divisions: (1) Hecate Strait and
Queen Charlotte Sound, (2) west coast of Vancouver Island, and (3) the
Strait of Georgia. More detailed accounts of catch and effort appear in
other appendices. The weights shown in the following tables are in thou-
sands of pounds,

Hecate Strait and Queen Charlotte Sound

Lemon Rock Rex  Butter Dover Gray Ling Rock Mink

sole sole Brill sole sole sole Fldr., cod cod fish feed
1953
Oct 6 17 1l 19 1 26
Nov 22 18 31 3 182
Dec 39 8 30 1 106
1954
Jan 28 2 40 2 54 2 5 63
Feb 60 141 134 6 13
Mar 141 11 1l 30 413 4 2 a1
Apr 155 30 2 2 315 13 12 78
May 128 116 19 2 5 24 349 26 4 138
Jun 69 306 30 4 41 93 23 153 235
Jul 36 528 17 4 81 77 18 170 1283
Aug 14 632 4 2 31 b 1l 100 58
Sep 6 487 6 3 15 12 1 107

Totals 704 2,110 124 13 216 180 4 1,531 110 447 1,150

. Reduced activity by the Prince Rupert fleet of trawlers in Hecate
Strait during the season did not result in any serious drop in total produc-
tion. The spring fishery for lemon sole was considerably lighter than usual,
but landings of rock sole for all 1954 will be somewhat heavier than in 1953.
Gray cod landings increased sharply in March, April and May and were possibly
the result of increased demand for the *fish stick® market. The increase in
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rockfish landings is mainly due to the utilization of ocean perch (Sebastodes

alutus) from the mid-Hecate Strait grounds. Landings of scrap species for

mink feed continue to increase, \

West coast of Vancouver Island

Lemon Rogk Dover Gray Ling Rock Black Dog Mink
sole sole Brill sole Fldr. cod cod fish Skate cod Liver feed

1953

Oct 3 1 13 11 48 5 11 1l 1l 98
Nov 1 6 ‘ 1 3 1 2 28
Dec 1 5 1 1 2 19
1954

Jan ? 19 1 2 9
Fed S 8 iz2 4

Mar 2 10 6 1 10 107 1l 1l

Apr ] 14 18 8 182 8 2 4 6 11
May 11 52 118 S 409 113 72 S 27 84
Jun 12 14 163 1l 692 223 8 2 7 45
Jul 6 3 129 34 291 172 7 3 1 53
Aug 7 33 161 34 119 160 15 3 6 250
Sep 3 89 99 1l 64 68 6 1l 29 5 164
Totals 52 239 707 87 46 1,929 751 131 a 29 53 761

Off the west coast of Vancouver Island the catch of brill was
lower than in 1953. This i1s in line with the general decline which bhas been
occurring over the past few years and is apparently the result of declining
availability. Gray cod production from this area was considerably higher
than that for the same period last year. Here again landings may have been
influenced to some extent by the "fish stick™ development. Landings for
most other food species are lower with the exception of rock sole and
lingcod. Unusual quantities of rock sole were landed in September from the
fishing grounds off Long Beach and seem to have been a reaction to the scar-
city of brill. Landings of scrap species for the fur breeders remained at
the same level as last year,
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Strait of Georgia

Lemon Rock Gray Ling Rock Dog Mink

sole sole Brill Fldr. cod cod fish Skate 1liver Crab <feed
1953 .
Oct 55 6 2 13 84 17 7 4 8 5 53
Nov 49 37 27 190 8 12 5 15 6 78
Dec 68 9 9 148 1l 7 5 33 3 94
1954
Jan 63 24 27 361 : 8 7 26 5 20
Feb 102 16 79 428 9 9 47 6 51
May 63 26 35 365 16 11 12 12 2 69
Apr 18 8 2 77 4 ? ? 2 1l 25
May 25 3 1l 102 2 2 5 11 8 50
Jun 26 4 92 6 4 14 37 37
Jul 12 2 4 50 1l 3 1l 6 25
Aug 9 1l 2 12 2 3 3 3 6
Sep 8 1l l 17 2 1 3 2 2 19
Totals 498 137 2 200 1,926 59 64 67 174 84 527

In the Strait of Georgia, landings of flatfish species were lower
than in the same periocd last year. The main reason for this decline was a
drop in production in the October fishery for lemon sole in Union Bay.
Weather conditions coupled with lower availability were responsible for this
decreased production. As in other fishing areas, gray cod landings were
heavier for this period.
B. Trawl landings in British Columbia
in recent years W.E. Barraclough and C.R. Forrester

As a result of the introduction of the multiple sales slip system
by the Department of Fisheries, it is now possible to rectify some ommissions
in past trawl landing records. With the help of a summer assistant, Miss
Lois Tuck, microfilm records of sales slips were examined for 1951 and 1952,
The following table gives corrected totals for the trawl fishery during the
rast six years.

o
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Thousands of pounds

Lemon Rock Butter Dover Rex | Gray Ling Rock Dog Mink
sole sole Brill sole sole sole Fldr, cod cod fish liver feed

"L?%%o«xs 2,135 7,721 651 157 119 149 1,033 1,027 85 667 35
;"9"’1}"3'689 1,678 3,215 29 171 160 183 1,889 1,901 134 587 59
'1'9'%%271 2,177 2,039 8 694 235 326 3,041 1,348 236 126 37
Eg’jf:tsz 3,548 1,585 1,824 974 234 461 5,678 1,876 449 204 414
i‘i%z'ssv 5,955 1,828 3,716 941 180 495 4,913 1,113 589 229 1,392

2,241 1,851 1,040 160 416 81 138 3,196 585 456 245 2,298

The total landing of food fish in 1953 was less than half of that
recorded in 1952. The catch of lingcod and most species of flatfish reflec-
ted poor maerket condi tions;. gray cod, however, continued to be in fairly heavy
demand . The most interesting feature of the past six years has been the
phenomenal growth of the mink feed fishery. Production for this market in
1953 was over two million pounds.

C. The controlled trawl fishery im the Strait
of Georgia o _ K. S. Ketchen

In the fall of 1953 and the early part of 1954, certain areas
along the east coast of Vancouver Island were again opened to otter-trawlers.
To obtain a better understanding of the capabilities of the trawlers, the
open periods for certain areas were extended considerably beyond those of
the previous year. In addition, a new area was opened to fishing after a
closure of almost seven years,

The accompanying table is a summary of the catch in these various
areag during the fall and winter of 1953-54. Reference to the fishing
areas may be found on the accompanying map.
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Catch in pounds

Cape Union Deep Yellow Qualicum- Nanoose Satel-
Lazo Bay Bay Rock Parksville Bay lite Total
Hours of '
fishing 257 99 738 1,083 282 555 510 3,524
Lemon sole 26,700 44,400 80,300 40,600 12,800 58,000 262,800
Rock sole 9,400 100 4,100 79,000 3,600 1,800 800 98,800
Flounder 16,900 73,800 53,100 500 144,300
Other flatfish ' 2,000 2,000
Gray cod 63,900 6,400 113,300 160,800 55,300 166,000 58,300 624,000
Lingcod 700 800 1,200 7,700 6,400 2,700 1,600 21,100
Rockfish 1,900 3,300 14,200 8,300 3,600 4,900 700 36,900
Other 1,700 500 8,800 8,400 1,400 300 1,600 22,700
Dogfish
(1iver) (5,495) (1,480) (30,340) (2,930) (2,730) {(29,610) {(72,5885)
Total food T
fish 99,300 72,400 295,700 357,900 85,600 175,700 121,000 1212,600

% Mainly skate, perch, devilfish. Not included are 27,000 pounds of mink
feed and 45,000 pounds of dogfish carcasses.

About 1,210,000 pounds of food fish were removed from the experi-
mental areas in the winter of 1953-54, as compared with 850,000 pounds in the
previous year. Over half of this catch was composed of gray cod (624,000
pounds), while 22% was of lemon sole., The largest total catch was made at
Yellow Rock 29% and Deep Bay was next with 24%. This is in contrast to the
previous year, when Nanoose Bay and Union Bay were the main centres of acti-
vityo.

’ " A more detailed account of the various fisheries is given in the
following sections,

1. Cape Lazo

This area was open for a 16-weék period from October 15, 19563 to
February 14, 1954, The catch of lemon sole was less than half of that in the
previous year, which was in turn half of that in the winter of 1951-52. This
is attributed not to a decline in abundanée but to a lack of fishing effort.
Other areas nearby were more attractive to the fishing fleet. Actually, the
availability of lemon sole was higher than in previous years (170 pounds per
hour ?s compared with 140 pounds per hour for each of the preceding four
years).

2, Union Bay

Because of the undesirably heavy concentration of effort in the
3=day open period in the fall of 1952, it was recommended that the 1953
fishery be conducted on cne day each week for a period of 6 hours {between
October 17 and November 14). The total catch for the 5 days. of fishing was
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kept low by this restriction on fishing effort and also by the reduced concen-
tration of fish in the Bay. In the previous year the catch was 252,000 pounds
and the catch per hour was 700 pounds. In 1953 the catch was 44,000 pounds and
the satch per hour was only 440 pounds.

There has been a remarkable increase in the abundance of starry
flounder in Union Bay and this is belisved to be associated with the decreased
abundance of lemon sole,

3. Deep Bay. Yellow Rock and gt_mlimm

These areas were open to fishing from October 15 to March 20.
Because of the longer open period the boats were able to exploit the gray
cod stock which makes its appearance in these regions in the early part of
the year., Over half of the gray cod catch from the experimental areas was
taken in these areas,

Tag recoveries indicate that a small percentage of lemon soles
which inhabit Union Bay in the fall of the year, enter Deep Bay during the
winter,

4, Nanoose Bay

As in previous years this fishing ground was open from February 1
to March 20, 1954, The main interest is in gray cod, which were less availa-
ble this year than last. It has been pointed out in the summary report on
availability of gray cod that the decrease in catch per hour does not seem to
be the result of a decrease in actual abundance, but rather the result of
lower catchability. The Nanoose Bay fishery accounted for 26% of the gray
cod cateh from all experimental areas, whereas in the previous years it acc-
ounted for 82%.

5. Satellite Channel

This area was closed to trawlers for nearly seven years prior to the
winter of 1953-54. An open pericd was permitted from December 1, 1953 to _
March 20, 1954. The main interest was in dogfish and the catech of this species
amounted to almost half of the total from all the experimental areas, Tagging
has shown that the lemon soles present in this area do not mix with those in
other areas in the Strait and apparently do not participate in the spawning
migration to Beat. Harbour, :

D. Availability of lemon sole and rock sole in

Hecate Strait C.R. Forrester and K.S. Ketchen

Through the use of log records and trip reports a long series of
availability records is now on hand for the two most important flatfish spe-
cies of Hecate Strait. A summary of the averags seasonal catch pex hour
{in thousands of pounds) is contained in the following table,

Catech per hour

1945 1946 1947 1948 1949 1950 1951 1952 1953 1954

Lemon sole 1.22 0.82 0,93 0,66 0.60 0,96 0,75 00,64 0,72 0,79
Rock sole 0081 1,02 0,81 1,34 1,39 1.84 1,72 1.62 2,55

"
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Regarding the lemon sole, the 1954 catch per hour was close %o the
1945-54 mean (0,81 thousand pounds). Two factors may have accounted for the
recent increase in availability, namely, the lower annual catch and {or) the
appearance of fairly strong year-classes. However, time has not permitted a
thorough investigation of this trend. The situation is complicated by the
fact that, in previous years, variations in catchability have had as much
effect on availability as have variations in year-class strength and yield.

The availability of rock soles has undergone remarkable changes
over the past nine years, and reached an all-time high of 2,55 thousand
pounds per hour in 1954, This is well above the 1946=54 mean (1,37 thousand
pounds). The general increase in availability has occurred in the presence
of a general increase in annual yield.

The high availability within recent years seems to be closely asso-
ciated with the recruitment of strong year-classes (1947 and 1948).

E, Availability of brill off the west coast of Vancouver
Islend W.E. Barraclough

A report on the decline in availability of brill off the west coast
of Vancouver Island as associasted with a decline in recruitment appeared in
Pacific Prog. Rept., No. 98, pp. 17=21, April, 1954. A summary of the report
is given below,.

The avajlability of brill along the west coast of Vancouver lsland
has declined during the years 1948 to 1953. It has been shown that although
the total brill catch from this area has not changed appreciably during this
period, the catch per unit of effort has shown a definite decline. The catch
per trip dropped from 9,700 pounds in 1948 to 5,500 pounds in 1953. During
the same period, the catch per hour dropped from 350 pounds to 210 pounds,
Although the decline in availability may be partly due to heavy exploitation
over the past decade, an analysis of length data from samples of the commer-
cial catch has indicated a failure in recruitment during recent years. The
average size of female brill in the fishery has been on the increase ever
since 1948 and has been the result of a decrease in the number of young fish
entering the fishery. This decline in recruitment appears to be associated
with the drop in the catch per unit of effort., If the decline had resulted
mainly from over-fishing of the stocks the average size would have decreased
rather than increased. Heavy fishing would be expected to reduce the numbers
of larger and older fish in relation to the number of new recruits and hence
the average size would be expected to decline.

In 1954 it was found that further decline in availability of brill
occurred off the west coast of Vancouver Island. The catch per trip was only
4,600 pounds and the catch per hour declined to 135 pounds.

It is becoming more difficult to determine the actual amount of
time being spent in search of brill and hence more difficult to assess availa-
bility. The expanding market for gray cod and mink feed has resulted in
profitable trips to the west coast area even though the catches of brill have
been small, The very noticeable increase in abundance of dogfish on most of
the trawling grounds has reduced the time spent on the grounds where the
brill fishery normally occurs. In spite of these factors the evidence at
hand suggests that unless there is a heavy recruitment of young fish in the
immediate future, further increases in fishing effort cammot be expected to
maintain the catch at its presemt level,
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F, Availability of gray cod . KoS, Ketchen

Pronounced fluctuations in market demand for gray cod can make it
almost impossible to gain a true picture of the year-to-year tremd in availa-
bility on most of the important fishing grounds. Only in the restricted area
of Nanoose Bay, where fishing effort is known to be directed almost entirely
on that species, has such a study been possible. The following table shows
the statistics of catch and effort over the course of six years as computed
for the February-March fishing season,

Total catch Total fish- Catch per
Year (pounds) ing hours hour
1948 42,450 223 190
1950 145,900 509 285
1951 155,500 964 160
1952 457,200 999 455
1953 289,200 879 330
1954 166,000 855 300

There has been a noticeable fluctuation in catch, effort and catch
per unit of effort. The smallest catch was made in 1948 when both fishing
effort and catch per hour were lowest. The largest catch was achieved with
the highest effort and in the presence of the highest seasonal average catch
per hour. There is nothing to suggest in these records that catch per unit
of effort is influenced by the number of units of effort, which is surprising
in view of the smallness of the Nanoose ground.

The fluctuations in catch per hour seem to be the result of changes
in catchability and not of abundance., Fluctwations in the strength of year-
classes are evident from the annual changes in size composition, but these do
not correlate with the changes in catch per unit of effort.

Attempts to relate the fluctuations in catoh per hour to (1) water
temperature, (2) abundance of herring (as implied by spawn depositi on), and
{3) wind oonditions, have been unsuccessful .

- Go Availability of blackcod K.S. Ketchen and C.R., Forrester

A paper dealing with the blackcod fishery of British Columbia has
been submitted for publication in a bulletin of the Pacific Marine Fisheries
Commission. Availability of the blackcod has been dealt with in that paper
and a summary of the findings is givem bel ow.

A change in availability has been evident within the past two
decades on the southern fishing grounds (Queen Charlotte Sound and the west
coast of Vancouver Island) and also on the northern grounds (west coast of
the Charlottes and southeastern Alaska). The catches per unit of effort on
these grounds are now two-thirds of their values during the thirties,

Over the past 35-year period there has been a steady increase in
the importance of the northern grounds., Whereas the majority of the landings
were made at the southern British Columbia ports prior to 1930, these have
declined to 30 to 40% of the total in more recent times. During World War II,
the fishery off southern British Columbia did not expand to the same extent as
did that in the north, which suggests that it is producing to or beyond its
capacity.

]
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On the majority of fishing grounds along the coast, the periocd of
most pronounced decline in catch per skate was between 1944 and 1947. From
1947 to the present a condition of relatively stable availability has occurred.
The level at which each fishery has stabilized seems to be related to the his-
tory and intensity of the fishery and probably to the cost of production as
affected by the distance from major railhead markets. The catch per skate on
grounds off southeastern Alaska is now at a level 40% higher than that off the
west coast of the Queen Charlottes and}in Queen Charlotte Sound, and 100%
higher than that off Cape Flattery.

TAGGING EXPERIMENTS

In ¢the year ending September 30, 1954, approximately 5,000 ground-
fish were tagged aboard the Investigator No. 1. The bulk of these were
flatfish (4,550). The remainder were lingcod and gray cod.

Barly in April, 1954, tagging was conducted on the brill off the
west coast of Vancouver Island in cooperation with the Washington State
Department of Fisheries aboard a chartered American trawler,

The results of comparative tests with various types of tagging
pins have shown the distinct superiority of stainless steel over other
metals, This type is now being used in all tagging experiments. Because of
the high rate of corrosion in nickel wire which was used extensively in
eariier investigations, the recovery results are of little value quantita-
tively. Many of these projects must be repeated in order to obtain more
accurate estimates of fishing and natural mortality rates.

With the exception of the lingcod, the roundfishes have received
little attention until recently because of unsatisfactory tags. However,
preliminary tests on gray cod with tags attached with nylon cord have shown
promise of success; and full-scale experiments are plamned for the winter
of 1954-55,

A. Lemon sole tagging C.R, Forrester

The lemon sole tagging experiments conducted in 1954 and returns
for earlier experiments have been summarized in the following sectiona.

1., Satellite Channel

Approximately 350 lemon sole were tagged in the Satellite Channel
area in December, 1953, This ground had been closed to trawling for several
years and the tagging was conducted to determine migration patterns and
exploitation rate of the stock of lemon sole present. Forty-nine recoveries
{14%4) have been made to date, only one from outside the region of tagging.
This fish had travelled approximately 25 miles northward towards the Boat
Harbour area,

2, Sechelt

Three small-scale taggings were conducted on the east side of the
Strait of Georgia. Fish were released in the vicinity of Selma Park (50),
Sargent Bay (235) and Buccaneer Bay {75) in March, 1954, The lack of
returns suggests that the fish in these regions belong to discrete popula-
. tions which do not contribute to the year-round fishery further south in the
Strait off the mouth of the Fraser River,
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3., Point Atkinson

Early in March, 1954, a tagging experiment took place in the closed
area of Burrard Inlet on spawning stocks of lemon sole which congregate off
Point Atkinson,

Seventy-two tags have been recovered from approximately 1,000
released; all recoveries were made to the south of the tagging area.

Canadian fishermen returned 60 of the tags while American trawlers adsounted
for the balance. It appears that Point Atkinson is one of the major spawning
grounds for the stocks of lemon sole which contribute to the fisheries off

the Fraser River in Canadian waters and Point Roberts in American waters.

The possibility of other spawning areas to the south is suggested from tags
released off the Fraser Estuary in the fall and recovered from American waters
in the early spring months. Such examples are fow however, and difficult to
interpret because the amount of effort involved in the recoveries is not known,

4, Fraser River Estuary

Recoveries continue to be made from the 1952 lemon sole tagging off
the Fraser River. Twenty-nine returns have been received during the past year,
bringing total recoveries to 21% from the August tagging and 27% from the
October releases. The continuation of American returns from south of the
tagging area shows that the Fraser River stock is decidedly international in
its outlook.

5. Controlled fishery - middle east coast of Vancouver Island

Eight hundred lemon sole were tagged in the Union Bay experimental
area just prior to the opening of the fishing season in October, 1953, Of
the 128 tags subsequently returned (i.e., 16%), 61 or 7.6% were recaptured in
Union Bay itself during the course of the f:l.shel'.-y° The remaining 67 tags
(8.,4%), with one exception, were recovered in adjoining experimental areas
between October, 1953 and March, 1954. The distribution was as followss
40 in Deep Bay, 9 at Yellow Rock 5 at Cape Lazo, and 12 of uncertain origin
{presumed to be Deep Bay or Yellow Rock). The one exception was a recovery
off the Fraser River in June, 1954,

It is apparent that this dispersal out of Union Bay (most of which
seems to occur during January and February) must be reckoned with in any
attempt to control the amount of fish removed from the Union Bay grounds.

The population present at the start of the 1953 fishing season was
estimated at 439,000 fish with limits of 350,000 and 590,000, This estimate
is less than half of thet obtained at the commencement of fishing in 1951s
namely 1,130,000 fish,

6, Goose Island grounds

Tagging of lsmon sole was continued on the Goose Island grounds in
May of 1954, Six mscoveries have been made from a tagging of 500 fish on the
northeast corner of the grounds. Two of three Capadian resturns were from
regions north of the tagging area on the Two Peaks and Butterworth grounds,

During the past year, 17 tags were returned from the 1953 taggings
on the same grounds. The higher percentage of American recoveries during
this period (approximately 65%) is the result of more intsnse fishing by the
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American boats. In other years Canadian recoveries have been greater than
Ameriocan recoveries. However, this year market conditions discouraged most
Canadian boats from fishing on the Goose Island grounds,

B, Brill tageging

1. Winter recaptures of tagged brill from deep water off the west coast
of Vancouver Isiand W.E., Barraclough

A report has been submitted for publicationr in Pacific Progress
Reports which deals with the winter recaptures of tagged brill from deep water
off the west coast of Vancouver Island. The following is a summary of that
repors s

An importent winter trawl fishery for brill has developed in the
deep water off Esteban Point within the past two years. The grounds, now
referred to as the "Esteban Deep", are centered in an area little more than
6 miles long by 1/2 mile wide, about 24 miles S.S.W. of Esteban Point between
the depths of 160 and 210 fathoms. The grounds were discovered by United
States trawlers in search of ocean perch (Sebastodes alutus) late in the
winter of 1953. As yet the fishery is exploited only by United States traw-
lers which landed about 250,000 pounds between March and April in 1953, and
about 1 million pounds betwsen February and April in 1954,

The high productivity of this fishery and the fact that the brill
were in a spawning condi tion have aroused concern of fishermen and biologists
alike, It is important to know whether or not this winter fishery is concen=
trating on an aggregation of brill vhich contribute to the inshore fishery
along the west coast of Vancouver Island during the summer months. Already
a decline in availability of brill has been demonstrated for this stock
between the years 1948-1954 {see summary report on brill availability).

Tageging experiments conducted within recent years have shed some
light on the relation of the winter stock in the "Esteban Deep™ tc the summer
stock in the inshore region., Of the 15 Canadian brill tags recovered in the
"Esteban Deep®™ in the past three winters, 12 had been released during the
summer months in Hecate Strait and Queen Charlotte Sound. Only 2 of the 15
marked fish bad been released off the west coast of Vancouver Island. This
is surprising in view of the fact that over the past few years far more brill
have been tagged and liberated in that area than in the northern waters of
British Columbia. In 1950 alone over 1,000 tagged brill were released on
different sections of the La Perouse Bank (off Barkley Sound) and yet none
of these showed up in the fishery in the "Esteban Deep". Instead, a number
of recoveries was made in the winter fishery off Washington and Oregon.

On the basis of these returns there is a strong suggestion that the
brill which appear off the west coast of Vancouver Island during the summer
months are not the major contributors to the spawning stock in.the "Esteban
Deep". Rather, the stock seems to be an aggregation of at least some rums or
stocks of fish from the waters in Hecate Strait and Queen Charlotte Seund.
Other tag recoveries support the view that brill which contribute to the sum-
mer fishery off the west coast of Vancouver Island move southward off the
coasts of Washington and Oregon during the winter, )
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2, A report on the joint American and Canadian
brill tagging project off the west coast of
Vancouver Island in 1954 W.E. Barraclough and B.M. Chatwin

This tagging project was undertaken at the invitation of and in
cooperation with the Washington State Department of Fisheries as a result of
the extensive brill fishery which has occurred in the past two years during
the months of March and April in the deep offshore waters 25 to 30 miles
S.S.W. of Esteban point., The purpose of the tagging was to ascertain where
the brill move after spawning. ‘

During a period from April 9 to 12 a total of 1,796 tagged brill
was liberated, of which total 922 were Canadian and 874 American. The brill
which were tagged were caught at a depth of 205 fathoms. A file report on
the details of this tagging project has been prepared.

A total of 13 tag recoveries from this tagging have been reported
to time of writing, of which 8 were Canadian and 5 American tags. Some of
the tags have been recovered north of the tagging area closer inshore and
along the west coast of Vancouver Island. Two have been recovered from Hecate
Strait during the late summer,

It 1s not possible to give a comprehensive report of the results of
the tag returns until the complete data on the American tags are reported. It
is hoped that this tagging and future experiments will help clarify the pat=-
terns of migrations along the coast,

C. Rock sole tagging W.E. Barraclough

1, Tags released on the Goose lIsland grounds

During May, 1954, 300 rock soles were tagged on the northeast corner
of the Goose Island grounds. These were caught in depths from 30 to 50 fath-
oms,

Of the 13 recoveries this year, 10 were made by Canadian trawlers
during the summer months in the area of tagging between 32 and 50 fathoms,
United States trawlers recovered two on the southeast edge of the Goose
Island bank and one on the Cape Scott grounds, all at depths from 60 to 70
fathoms.

In addition, 34 tags were recovered in 1954 from the 755 rock
soles tagged on the Goose Island grounds in 1953, Canadian trawlers reported
15 tags and United States trawlers reported 19. All of the 113 tags recovered
in 1953 from this tagging were made by Canadian vessels. During that year a
far greater emphasis was placed upon the rock sole fishery by Canadian ves-
sels than by United States trawlers,

It was noticeable that the American tag recoveries were made in
deeper water than those recovered by Canadian vessels. This is to be expected
in view of the fact that the efforts of the United States fleet are directed
primarily on deep water species (brill and ocean perch). Increased numbers of
recoveries of tagged rock sole by the Americans suggests that the hitherto
dormant market for that species is now improving,

The tag returns in 1953 and 1954 stromgly suggest that the rock soles
on the Goose Islands belong to a stock which intermingles only to a light extent
with the stocks off Cape Scott and are distinct from the stocks in Hecate Strait
bank to the north.
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2. Tags released on the Cape Scott grounds in 1954

During June, 150 rock soles were tagged on the Cape Scott grounds
north of Cox Island at the northem end of Vancouver Island. This represents
the first tagging of rock soles in that area. The tagging was undertaken in

" order to help determine the amount of intermingling of the stock of rock

soles on the Cape Scott grounds and the Goose Island grounds.
Three recoveries were reported by United States trawlers during the
summer months, all from the area of tagging.

3. Tags released in experimental areas in Georgia Strait

Just prior to the opening of the experimental areas in the Strait
of Georgia in October 1952, amall-scale rock sole taggzings were conducted at
Yellow Rock (198 fish), Cape Lazo (104 fish) and the grounds off Qualicum
Beach (205 fish)., Recovery in the ensuing fishery was highest at Yellow Rock
(24%), where most effort was concentrated, and negligible in the other tagging
areas.

All recoveries were made in the areas of tagging. Recoveries after
two years® experimental fishing now total 2%, 10% and 28% for the Cape Lazo,
Qualicum and Yellow Rock grounds, respectively.

D, Lingcod tagging B.M. Chatwin

Since October 23, 1953 a total of 221 lingcod have been tagged and
from this number 15 were subsequently returned. A summary of the tagging
and recovery is shown below,

Area Number tagged Number recovered
(1) Goose Islands-Cape Scott 14 1
(2) Cape Lazo-Union Bay-Yellow Rock 57 3
(3) French Creek-Qualicum 73 5
{4) Boat Harbour-Swanson Channel 47 5
(5) Point Grey 30 1
Totals 221 15

During the year same of the tagging effort has been directed toward
liberating tags in areas known to be productive in lingcod for trawlers as in
Area 3 above, To date, recoveries from French Creek-Qualicum taggzings total
S in number: 4 were returned by trawlers and 1 by a line fisherman.

Line fishing on board the Investigator No, 1 was also undertaken in
order to obtain lingcod for tagging purposes. Lack of live herring bait
during recent months has restricted this effort somewhat. However, good
results in line fishing were obtained on two separate occasions and are inclu-
ded in the tabulation above (Area 2 -- 12 released at Lambert Channel; Area
4 == 16 released at Ben Mohr and 4 at Governor Rock). Four of the 16 fish
tagged and liberated at Ben Mohr Rock were recaptured in the same area some
three weeks later by a line fisherman,

Two of the 15 lingcod tag recoveries show a considerable migration.
One 6 3/4-pound male tagged at French Creek on October 23, 1953 was caught by
a trawler at Nanoose Bay on March 17, 1954. One 5-pound male tagged at Cape
Lazo on February 18, 1954 was returned from Shelter Point on May 7, 1954,
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Both were small fish which supports evidence from earlier taggings that the
smaller fish tend to migrate moxe than those of larger size.

Four recoveries were made during the ysar from taggings conducted
in previous years, Two were recaptured from the 1951 tagging in Sydney Inlet;
1 from the 1950 tagging in Baynes Sound; 1 from the Lasqueti Island tagging
in 1942, The last menti oned is a record for tagzed lingcod, having been at
large for 12 years. These four recoveries were all made in the area of tag-
ging,

C.R. Forrester

E. Tagging experiments on gray cod

The clincher-=type jaw tag originally used in tagging of gray cod has
been discarded in faveur of a nylon attachment through the flesh between the
first and second dorsal fins, To date, the method has beem found to be
moderately successful , and further taggings are planned for the winter months.
A description of the method and preliminary results of an experiment conducted
in the lower Strait of Georgia were published in Pacific Prog. Rept., No. 99,
July, 1954, Approximately 260 fish were tagged in Satellite Chamnel in
February, 1954. All but 2 of 21 recoveries were from the area of tagzing.

The 2 exceptions were recaptured off the Fraser River and in United States
waters of the Strait of Georgia, ‘

F. Pin corrosion C.R, Porrester and K.S., Ketchen

Returns for a two-year period are complete in a pin corrosion experi-
ment conducted in the lower Strait of Georgia. A paper dealing with the
results has been submitted for publication in the Board’s Journal. The fol=
lowing is a summary of that paper:

It is apparent from the high rate of corrosion in nickel tagging
pins that they are warthless for long-term quantitative studies of marine fish
populations. In flatfish tagging experiments off the British Columbia coast,
severs corrosion and weakness was found in more than 40% of the tag recoveries
by the end of the first year, -

In a comparative experiment in which nickel, silver, and stainless
steel pins were tested, recaptures at the end of the first year were highest
for tags attached with stainless steel, The ratio of recaptures of manufac-
tured nickel pins to stainless steel at the end of the first year was 0,61:
1,00 and at the end of the second year 0,38:1.00.

Bilver wire showed little corrosion, but considerable thinning where
contact was made with the tagging discs. Losses from the effects of wearing
were indicated at the end of the first year in a silver:stainless steel ratio
of 0.66:1.00, At the end of the second year the ratio to stainless steel was
the same as that for nickel {0.38:1,00),

That the source of weakness {vulnerability to corrosion) in the
manufactured nickel pin lies at or near the head, was demonstrated in tests
where the head was removed and replaced by a loop. Recoveries of the nickel-=
loop pin at the end of the first and second years were not significantly
different from those of stainless steel,

Tagging wounds at the time of recapture were classified according
to the type of wixe used, Wounds were least severe where stainless steel had
been used and most severe where nickel had been used.

On the basis of the ratio between the recaptures of nickel and
stainless steel pins, at various intervals after tagging, correction factors
bave been computed to account for losses of nickel pins through corrosiom.
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AGE AND GROWTH STUDIES

In the year ending September 30, 1954, collections of flatfish
otoliths amounted to 28,640, These were almost entirely fram commercial
catch samples of the three most important flatfish species, brill, lemon
sole and rock sole.

At Prince Rupert the sampling was carried out by the port observer,
W.G, St.Clair, while at Vancouver several people were involved. During the
winter of 1955..54 members of the Station staff travelled to Vancouver when-
ever sampling prospects were good. Throughout the summer of 1954, a student
assistant, Mr., A.V. Beach, provided excellent service,

‘ For the first time satisfactory methods have been evolved for the
sampling of commercial catches of lingcod and blackcod. Approximately 3,600
of the former and 8,500 of the latter were measured during the past summer,

Sampling of gray cod has been increased substantially. Over
10,500 fish were measured during the past year. The problem of age determi-
nation from the otoliths has not been resolved satisfactorily. Until the
time can be found for thorough study of this matter, reliance will be placed
on length data to provide indications of changes in stock composition.

Another important species which has given considerable difficulty
in age determination is the lingcod. However, the study of vertebral rings
together with the seasonal trends in modal lengths is showing much promise
of providing reasonable estimates of age and growth,

A. Age and growth of lemon sole in Union Bay C.R, Forrester

Approximately 2,850 lemon sole otoliths were examined from samples
of the 1952 and 1953 controlled fishery in Union Bay. The age composition
is given below,

Age composition - %

Iv v vi VI VIII 1IX X I

XTI XIII Totel

Female

Percent

frequency 1952 0.3 6.9 22,3 4l.4 21.8 5.4 1.4 0.2 0ol
1953 606 12,7 14,0 18:1 3004 13,3 3.4 0.7 0.6 003

Male

Percent

frequency 1952 0,6 13.8 30.4 38,3 15.2 1.8
1963 3,5 8,7 15.9 50.,4 29,5 10,4 1.3 0,3 0.l

900
701

494
761

Samples from the 1951 fishery which took place after four and a
half years of closure were characterized by a high percentage of fish belon-
ging to the 1944 and 1945 year-classes (VI- and VII-year-old fish), These
fish had undergone no exploitation prior to 1951 and constituted over 80% of
the fish sampled in that year. They have continued to show strength as VII's
and VIII®s in 1952 and again as VIII®s and IX°s in 1953,

The average length of male and female lemon sole in Union Bay has

been calculated from samples taken by the Investigator No. 1 and by commercial

vessels. These are compared with average ages in the following table,
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Male Female
Average  Average | Average Average

Year length age length age

1949 308 5.3 383 5.8
1950 318 5.7 392 6.1
19561 331 6.3 - 399 6,5
1952 346 6.6 424 7.0
1953 354 701 427 7.2

Both male and female fish have shown a noticeable increase in average
size and age between 1949 and 1953, Because of variations in the annuval
recruitment, it has been difficult to detect the effects of fishing on growth
rate, Following four years of closure the Union Bay area was opened in the
fall of 1951, At that time 165,000 pounds of lemon sole were removed; and
again in 1952 approximately 250,000 pounds were removed. Changes in catch per
unit of effort show that these removals had a marked effect on the demnsity of
the stock., However, the sharp increase in average size in 1952 (particularly
in female fish) seems to be attributable more to an absence of young fish than
to an increase in growth rate. This conclusion is supported by length-weight
data which show no radical variations from year to year.

The decrease in density has had a noticeable effect on the incidence
of disease in the Union Bay stock. A condition known as "milkiness™ was very
troublesome in the first landings of fish in 1951, Milkiness is caused by a
spore that requires no intermediate host, and hence it may be presumed that
its incidence would be highest under conditions of high density. Fish hand-
lers reported milkiness in up to 21% of fish in 1951, whereas the highest
incidence of the same condition in 1952 involved no more than 12% of the fish
handled, with the bulk showing considerably less (8%). In 1953 the occurrence
of milkiness was negligible.

B, Growth rate of O-group lemon sole K.S. Ketchen

In order to determine the time of setting of the O-group lemon sole
and also the growth rate during the spring and summer months, the Departure
Bay beach was sampled periodically with a model trawl. Drags were made over
a fixed distance, at approximately the same stage of tide, at 14-day intervals
from April 22 to August 13, 1954,

Although small fish ranging in size from 20 to 100 millimeters (mode:
30-40 millimeters) were present on the first day of sampling, it was apparent
from subsequent events that they did not represent the main set from the 1954
spawning, This main set was first observed on May 7 as fish of about 20
millimeters in length, By May 21 these fish were four times as abundant as
they were on May 7., Since the average catch per tow did not increase appre-
ciably in the weeks following May 21, it is presumed that the set was comple-
ted sometime between May 7 and 21,

The average lengths of O-group lemon sole at 2-week intervals are
shown in the following table,
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May June June July July July August

Date 21 4 18 2 16 30 13
Average
length (mm.) 24,6 3503 46,9 5407 63,7 67,9 80,3
Increment
{mm, ) 10,7 11.6 7.8 9,0 4,2 12,4

The rates of growth from May to July are very similar to those
computed for samples taken in 1946. Late in July the larger O-group fish
begin to move away from shore and hence out of range of the model trawl,

This makes the apparent growth rate less than the actual,

The fact that it is possible to detect fairly accurately the time
of arrival of the young lemon sole on the beaches in the spring, is of consi-
derable aid in the study of factors affecting abundance. Knowing the peak
time of spawning, it should be possible to place firm limits on the time of
the "critical stage®.

C. Fluctuations in the length composition of brill in
Hecate Strait W.E. Barraclough

An analysis of the variations in the length composition of the
brill in the commercial landings from Hecate Strait has been undertaken to
determine whether or not the noticeable decline in the catches over the past
few years is attributable to fluctuations in the strength of recruiting year-
classes., Sampling of the landings of commercial catches of brill from Hecate
Strait for length and age has been undertaken since 1946,

The following table shows the changes in average length of femal e
brill in samples of commercial landings from Hecate Strait from 1946 to 1953.
Only the female brill are considered for this presentation because the males
are of smaller size and vary considerably in their contribution to the catech.

Average length (in millimeters)

1946 1947 1948 1949 1950 1951 1952 1953
413 420 426 448 469 479 474 468

Because of thé poor fishery in 1952 only one commercial sample was
available. Brill caught by the Investigator No. 1 have been combined with
the commercial sample to obtain the average length shown for 1952,

It can be seen that from 1946 to 1951 there was & pronounced increase
in average length. This increase in the size of femsle brill for about 7 years
in Hecate Strait is attributed to a decline in the recruitment of young age-
groups to the fishery. An analysis of the size composition of brill from the
west coast of Vancouver Island has shown a similar situation., The fluctuations
in recruitment are more clearly shown in the accompanying graphical presenta-
tion. The graphs are presented to show the deviations above and below the
representation of each size group from 1946 to 1953. The section of each graph
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above the line {notched) indicates the size-group of brill which occurred in
the catches in numbers greater than the average for the 7 years 1946 to 1953
(1952 was excluded from the average because only one commercial sample was
available). The sections of the curves below the line (in black) show the
size-groups of brill which were present in numbers less than the average for
the 7-year mean., For purposes of comparison, the west coast data are presen-
ted along with those for Hecate Strait.

The shift in mode of the positive deviations in Hecate Strait
samples has paralleled the situation observed in west coast samples. However,
the actual modes are not strictly comparable, being at slightly larger sizes
in the Hecate Strait sample. In the absence of age-composition data for
Hecate Strait it is difficult to say whether or not different year-classes
are responsible for the deviations observed in the two areas,

The length fluctuations show no evidence of a new wave of recruit-
ment appearing in the fishery. The fact that the smaller size~groups of
brill appear to be very scarce and that there has been an increase in the
average length of the brill since 1946 shows that the fishery is becoming
more and more dependent upon the remaining stocks represented by the large
size-groups. Unless heavy recruitment occurs not only in Hecate Strait but
also off the west coast of Vancouver Island, it is very unlikely that a
productive brill fishery can be maintained off the coast of British Columbia.

D. Age camposition of butter sole B.M, Chatwin

A winter trawl fishery for butter sole (Isopsetta isolepsis) in the
Skidegate Inlet area on the Queen Charlotte Islanpis was first carried out in
1943, The production since then has been very irregular, with catches varying
from almost nothing to over 3 million pounds annually. Much of this irregula-
rity has been a result of market requirements. However, poor production in
1949 and 1950 {15,000 pounds and 1,000 pounds, respectively) resulted from a
real scarcity of fish in Skidegate Inlet. A survey of the spawning stock in
1953 {Summary Reports 1953; Circular No. 30, Pacific Biological Station)
indicated that the year-classes of 1949 and 1950 were not in low abundance,

A further check on the age composition of the stock in 1954 was obtained from
3 otolith samples taken from the commercial catch, A summary of these data
and the 1951 commercial catch age analysis are shown in the accompanying table.

Age-group frequency {%)

Average
No. length
11 III IV _V vIi VI VIII IX X X1 fish {om.)
1951 *
Male - Ol 1.3 11,0 37,1 36,5 1l1.8 1.9 0.3 - 899 3365
Femle - Ool 007 700 24:07 5904 2092. 605 loo 004 19234 3706
1954
Male - - 0.5 826.4 43.2 25.1 3.8 0,7 - - 386 33.2
Female - - 0.6 9.1 46.4 25,1 15.6 2,9 - - 338 35,5
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Butter sole from the 1949 and 1950 spawnings are present as V-and
IV-year-olds in the 1954 catch. Although the 1949 year-class is well repre-
- sented in male fish, 1%t is too early to assess the strengths of these year-
classes. However, sampling on the summer feeding grounds in 1954 showed that
the 1949 and 1950 year-classes were present in at least moderate strength.
This is in agreement with observations in the summer of 1953.

B, e composition of Hecate Strait rock sole C.R, Forrester
posihlon : : == : .

Otolith samples from the 1953 fishery have been examined. Males
and females continue to be heavily represented by young age=groups.. The 1947
and 1948 year-classes appearing in 1953 as V- and VI-year-olds accounted for
more than 70% of the fish sampled. There is same divergence from 1952 in
average length of age-groups of older fish that has not yet been satisfactorily
explained. A re-reading of the samples for 1953 may prove necessary.

F. Age and growth of the lingeod z * B.M. Chatwin

1. Growth of young lingcod - !

The lingcod spawns during the winter months each year and recogni-
zable size-groups of fish can be observed up to approximately the third year
of 1life, Investigations have shown that lingcod scales and otoliths are
unsuitable age indicators. There are, however, growth marks on the vertsbrae
which are evident as concentric rings on the face of each centrum. Annual
growth patterns during the first years of life have been difficult to inter-
pret. Accordingly, a study of the young fish seemed desirable in order to
relate the observed growth rates:to vertebral ring counts. The results of
this work, "Growth of Young Lingcod™, are contained in Pacific Prog. Rept.,
NOo 990 ' ' ’

It is shown therein that young lingcod grow very rapidly, and on .
the average attain a length of 27 centimeters at the end of the first year -
and 47 centimeters at the end of the second year, Indications are that the
average length is approximately 55 centimeters at the end of the third year.
It is at about this age that the lingcod reaches commercial size. '

2, Sempling of commercial lingcod landings

During the summer of 1954 (May to September) length-weight data
were obtained for the first time from dressed lingcod landed on the Vancouver
waterfront, Although the line fishery accounts for the greater part of the
total lingecod catch, sampling of line-boat landings is difficult since the
fish are usually retained alive for varying periods of time before being
marketed, with the result that catches are almost always mixed. Therefore,
for the first stage in the lingcod sampling program, trawl-caught lingcod
were used exclusively and the samples contain a total of 3,610 fish., Most of
the samples are from fish caught off the west coast of Vancouver Island in
Areas 21 and 23, Dorsal-fork lengths and weight to the nearest pound were
recorded from dressed fish., The results obtained are shown in the tables
below,
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May June July August
Number of f£ish 615 632 803 857
Average total length (cm.®) 71.94 80,58 75,69 73,73

Range of sample length (cm &) 50=113 56-114 54-110 55<110

& (Converted from dorsal-=fork measurements )

Dorsal-weight groups {pounds)

3=3 6-8 9-11 1l2-14 15-17 18-20 21+ Total

July

Number 98 107 83 38 17- 1 3  (347)
Total average

length cm.% 64.8 74,5 84.7 93.8 100.2 109.2 112.5

% frequency 28,2 30,8 23,9 10,9 4.8 0.2 0.8
August

Number 88 170 65 11 4 - - (338)
Total average

length om.* 63,6 76.7 83,7 90,6 100,9 - -

% frequency 26,9 50,1 19.1 3.2 1.1 .- -

& (Converted from dorsal-fork measurements)

S8amples from other trawling areas (1 -- Cape 8cott, 1 -- Cape Lazo,
1 -- Mexicana Point and 1 =~ Fraser Lightship) were also taken and in general
are comparable to those of the west coast. The data above show that the trawl
fishery removes fish covering a wide range of sizes. It is particularly
interesting to note that fish of the smaller sizes form the bulk of the catch,
At least 26% of the fish caught are just above the minimum size of 3 pounds.
This 3-5 pound group is believed to represent Age III and IV fish. As men-
tioned above, it has not been possible so far to obtain comparable data on
line=-caught lingecod., However, it is believed that the line fishery selects
more of the larger fish, Tagzing has shown that smaller lingcod migrate more
extensively than larger fish and any movement of the smaller fish into areas
which would make them available to the trawl might easily be reflected in the
trawl catches,

Figures for catch of lingcod for the years since 1951 are now avai-
lable through the Department of Fisheries sales slip statistiocs., A study of
all previous catch records is being undertaken and will be reported on at a
later date.

3, Length conversion factor for lingcod

. Lingcod are generally landed for market dressed with heads off.
Length samples of the commercial catch are therefore taken by means of a
proportionate measurement. Special measuring boards have been placed in use
at the port sampling stations whereby a straight line measurement along the
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lateral cephalo-caudal axis from the origin of the dorsal fin to the fork of

the tail can be obtained. Because the fish are dressed, samples contain both
sexes combined. In order to convert dressed length to total length, a con-
version factor must be used. This has been computed from field data on measure-
ments of 204 trawl=-caught lingcod taken in the Strait of Georgia.during

October and November, 1953 and February and March 1954, The equation for the
relationship between total length and carcass length {both in centimeters) is

Y = 0,558 = 1,228 X, where X is the carcass length and Y the total length.

As data become available, additional factors will be computed if negessary to
account for sex, area and season differences,

4, Age studies

For reasons explained previously, effort has been directed towards
the use of vertebrae for determining age of lingcod. Although the practical
application of this method does not appear likely, the results from such a
study should yield information which is currently lacking on: (1) total age
attained; {2) the approximate size of the fish at each age; and (3) the
range of age-classes utilized by the fishery.

The abdominal vertebrae used are boiled and air-dried, sectioned
dorso-ventrally and examined with the aid of a low-power microscope, Using
an ocular micrometer, radial measurements of each year’s growth are made.
Preliminary results to date indicate that ages up to 15 years can be deter-
mined but beyond the age of 8 to 10 years the annuli are difficult to measure
separately,

5. Lingcod spawn survey

In Districts 1 and 3 a closed season for lingcod is in effect from
the first of Desember until the first of March, during which time spawning
occurs, It is known that some lingcod deposit their spawh on rocks and led-
ges of the intertidal zone., In order to learn more of the spawning lingeod,
surveys were commenced the night of December 22, 1953, in Departure Bay and
covered the intertidal zones adjacent to the northern side of Jessie Island
and Inskip Rock. The purpose was to determine the time of first appearance
of lingcod egg masses and hence to obtain a closer approximation of the time
of spawning and time of hatching. The accompanying tabulation lists the
observations made, ‘

No, .of egg mas- No, of ling- Weather and water

Date Tide ses observed cod observed conditions
- {visibility)

22 Deg 53 1l.1° - - Good
4 Jan 54 1.6° = - Poor

7 Jan 54 1.7° = 3 Good

18 Jan 54 1.8° = - Fair
2 Feb 54 2,07 5 exposed 1l Good

= Good

2 Mar 54 3,27 3 submerged
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The first appearance of lingcod egg masses was noted February 2 and
these were all found attached to the rocks above the water level, some at
least 6 feet above the lowest stage of the tide., The mid-February survey was
cancelled because of bad weather, On March 2, 3 different egg clusters were
seen., From these results it is reasonable to believe that the Departure Bay
"beach® spawning commenced during the last 2 weeks of January.

Remarks from lingcod fishermen concerning the state of maturity of
lingcod suggests that on December 1 when the season closes the fish are at
least a month or more from spawning.

These observations are preliminary however, and further lingcod
maturity studies are anticipated.

G. Length composition of gray cod K.S. Ketchen

A preliminary examination has been made of length-fregquency distri-
bution in samples of gray cod taken during the past 4 or 5 years along the
southern coast of British Columbia. The presence of dominant year-classes is
suggested by year-to-year trends in modal length.

In the Strait of Georgia there are two important gray cod grounds
one in Swanson Channel and the other at Nanoose Bay. Fish taken in the
latter area average much larger in size than those in the former. It is
apparent from this size difference that the two stocks do not undergo exten-
sive intermingling within one season,

The Nanoose Bay fish (winter spawning stock) are very similar in
size composition to those which occur off the west coast of Vancouver Island
during the summer months. The two groups seem to be subject to the same
fluctuations in year-class strength. Whether or not they are components of
a single stock will have to be determined from tagging. The fact that the
gray cod appear in the Strait at the same time of year as the herring which
move in from the open coast, lends support to the suggestion of a single
stock,.

Samples from other areas in the Strait of Georgia (e.g., Yellow
Rock and Cape Lazo) are similar in composition to those at Nanoose. Hence
there may be considerable intermingling.

The tagging program which is to be conducted in the winter of
1954-55 will be designed to throw light on these various relationships.

SYSTEMATIC EXPLORATION OF NORTH COAST BANKS

The surveying of north coast banks (Cape Scott, Goose Island and
Hecate Strait) in a reasonably systematic manner was initiated in 1953 and
continued in the summer of 1954, The main purpose is to define the compo-
sition of fish on these banks according to species and size. Particular
attention is being paid to the geographical relationships of the juvenile
segments of various populations to the adult segments. An enquiry is also
being made into the possibility of obtaining indices of relative abundance
of various age-groups, so that they may be compared from year to year. Such
estimates have definite value for prediction purposes and in investigations of
the factors governing abundance.
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A. Survey No., 1 - Goese Island Grounds W.E, Barraclough

l. Description of stations

The Goose Island trawling grounds which are situated in the middle
of Queen Charlotte Sound are becoming increasingly important to British
Columbia trawlers. The grounds afford an extensive fishery for rock soles,
brill, ocean perch and scrapfish, -

In 1953 the "N.W., corner" and the "East Bank™ of the grounds were
surveyed with a small-meshed otter trawl to determine the extent to which the
grounds serve as a nursery area for the important groundfish species. In May
1954, a survey of the "N.E. corner"™ was undertaken between the depths of 22
and 100 fathoms. A comprehensive file report has been prepared. A summary
of the results is given below,

2. Species encountered

(a) Rock soles. Immature rock soles were encountered at 22
fathoms. It was not possible to give a satisfactory estimate of the relative
amount or numbers of young rock soles at this depth. The extremely rough bot-
tom gave them good protection from commercial gear and the sample trawl.

The best indications of sizeable quantities of rock soles were
found at 30 fathoms. However, age groups I, II and III were not present on
the "N.E., corner™ at this depth. This is in contrast with the relatively
large numbers of the same age groups found in June 1953, northward along the
"East Bank®., A larger size-group of rock soles was found at 30 fathoms on the
"N.E., corner" when compared to the size groups found at the same depths on
the "N,W. corner" and "East Bank™ in 1953. The results of the survey suggest
that as the rock soles grow toward maturity they tend to move southward along
the bank to the "N.E., corner" and at the same time to deeper water. This
seems to be reasonable because the heaviest commercial rock sole fishery exists
in the region of the ®"N.E. corner™ at depths greater than 40 fathoms. Further
evidence is shown by the fact that the dominant age-group IV rock soles which
appeared in 1953 at 40 fathoms appeared as age=group V on the "N.E, corner”
in 1954, The results from the surveys at present have shown that the nursery
area for rock soles is limited to depthe less than 35 fathoms.

{b) Dover soles. Very few immature dover soles were encountered.

It was concluded from the survey that the nursery ground for dover soles is
not extemsive on the "N.E, corner®™, rather a nursery area occurs farther
northward along the "East Bank". The largest numbers of dover soles were
encountered at 60 fathoms and 74% of the catch was of commercial size. The
average length of the dover soles was found to increase with increasing depth
to 90 fathoms., It was found that the dover soles of commercial size occur
more extensively on the N.E. bank than to the northward on the East bank or
*N.¥. corner®, ‘ '
) (¢) Brill. Particular attention was given to the distribution of
immature brill, but so few were captured in all the tows between the depths of
22 and 100 fathoms that the "N.E. corner™ of the grounds cannot be considered.
as a nursery area to any extent for that species.

(d) Lemon sole. The results of the survey on the "N.E. carner”
are in agreemsnt with the findings of the survey in 1953 on the "N.,W. corner"
and the "East Bank™. The lack of any sizeable quantity of immature lemon soles
on all these banks at the different depths shows that the Goose Island grounds
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from the "N.W. corner" to the "N.E. corner” is not an important nursery area
for the lemon sole., However, the area does support a commercial fishery for
the larger members of this species. :

(e) Rex sole., The distribution of rex soles was found to be con-
fined between the depths of 50 and 90 fathoms. Immature rex soles of the age
groups I, II and III were taken between 50 and 70 fathoms., Rex soles of
commercial size were most abundant between the depths of 60 and 70 fathoms.

B. Survey No, 2 = Cape Scott B.M., Chatwin

1. Description of stations

The major commercial trawling grounds adjacent to the northern end
of Vancouver Island are at depths greater than 40 fathoms and extend from the
area northwest of Mexicana Point, Hope Island, to north of the Scott Island
group. Two "tongues? or gullies along the 50-fathom contour divide the bank
into 3 grounds, namely: the Mexicana ground {northwest of Hope Island), the
"middle ground” (1lying between -the 50-fathom gullies) and the Cape Scott
grounds {north of the Scott Islands), _

This survey consisted of 3 cross-sections of these grounds using
the small mesh sampling trawl. Eight drags were made on the Mexicana grounds,
3 on the "middle bank™, and 13 across the Cape Scott bank, a total of 24 in
all, The nature of the bottom does not permit trawling at depths less than
40 fathoms, consequently the depths surveyed ranged from 40 to 95 fathoms.

2, Species encountered

All flatfish captured were mesasured with the exception of long-jaw
flounders which were, in some cases, the dominant species in the catech. In
these instances sub-seampling was necessary.

For all species encountered a comprehensive report has been filed,
with a complete analysis of the results. This summary presents the salient
features,

(a) On the Mexicana ground lemon, rex and dover sole were the
commercially important species present. Long-jaw flounder were equally
abundant and consisted of medium-sized fish {30 centimeters). These 4
species were encountered in each of the 8 tows and none was particularly
dominant. This ground is relatively narrow and a nursery area for immature
flatfish is not indicated.

{b) On the middle ground similar species were encountered, lemon,
rex, dover sole and large-sized long-jaw flounder (average length = 50 centi-
meters), The majority of each species were of commercial size or larger and
the long-jaw flounder were dominant. In addition, 12 brill ranging in size
from 18 to 44 centimeters (average = 20 centimeters) were taken.

(¢c) The Cape Scott ground is of larger size and appears to sup-
port a greater variety of species, The long-jaw flounder was the dominant
species and occurred at all depths (40 to 95 fathoms). Age-groups I, II and
III were strongly represented to depths of 60 fathoms. Rock sole were pre-=
sent at 40 to 45 fathoms only and their average size was 34,9 centimeters.
Immature rock sole were relatively few in number since only 70 fish of a
total of 267 were less than 30 centimeters in size. Lemon sole were present
from 40 to 60 fathoms. In all catches a total of 51 of this species was
taken, of which 15 were larger than 30 centimeters in length and the remain-
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der from 16 to 25 centimeters. Rex and dover sole occurred from 45 to 95
fathoms but not in abundance. Average lengths increased with increasing
depth of capture., Immature rex sole {14 centimeters) and dover sale (11.6
centimeters) were strongly represented at 45 fathoms. Brill were found
from 40 to 70 fathoms and ranged in length between 16 and 40 centimeters,
Small numbers of other species were captured, these included gray

cod, tom cod, whiting, slender sole, flat head sole, mottled sani dab and
butter sole., Data on sex and size have been recorded and are on file.

C. Survey No. 3 - Hecate Strait K.S. Ketchen

1., Description of stations

The survey in this area can be divided roughly into three sections,
the first dealing with the northern Hecate Strait flats, the second with
Dixon Entrance and the third with southern Hecate Strait. The first consisted
of two cross-sections of the shallow grounds between the Queen Charlotte
Islands and the Butterworth-Warrior area and covered depths from 2 fathoms to
20 fathoms. Most of the stations sampled were repititions of work carried
out in 1953, The Dixon Entrance survey was carried out parallel to but 20
miles to the west of the Two Peaks survey of 1953, The investigation of the
southern Hecate Strait grounds (Horsesloe and Cumshewa banks) was an exten-
sion of previous work designed mainly to locate brill for tagging. Detailed
description of the species composition on these grounds was of secondary
importance,

2. Species encountered

(a) Lemon sole. Members of the O-group were restricted in their
distribution (as in previous years) to the shallow water around the Queen
Charlotte Islands. Greatest numbers were caught at depths less than 9 fathoms,
while none were caught at depths over 14 fathoms.

Attempts to sample the shore-line stations down the east coast of
Graham Island were frustrated by large quantities of algae which had been con-
centrated in that region by persistent southeast weather, Thus, it was
impossible to execute the system inaugurated in 1952 for obtaining an index
of relative abundance of the O-group.

Group I and II fish were found in almost all drags across the
Hecate Strait flats, but none occurred in the Dixon Entrance drags. On the
Hecate Strait flats the catch of group I fish per drag was 47, as compared
with 35 in 1953, The catch of group II fish per drag was 9, as compared
with 23 in 1953,

On the Cumshewa and Horseshoe grounds the catches of lemon sole
were composed mainly of groups II and III,

To summarize: Group O fish are confined to shallow water (less than
14 fathoms) along the western side of Hecate Strait. Group I fish are dis-
persed over the flats and mixed to a certain extent with groups II and II1I.
The latter groups are however, in greater abundance in the c¢entral and
southern region of the bank and concentrated more along the "drop off"., The
older (mature) elements of the stock lie in deep water {25 to 60 fathoms)
around the northern perimeter of the bank from Warrior Rocks to Dixon Entrance,
These conclusions are supported by observations made during 1952 and 1953,

-
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(b) Rock sole. In contrast to the lemon sole, the young of the
rock sole appear to inhabit the same regions as the adults, Group O, I and
II are concentrated most heavily along the edge of the Hecate Strait bank
between the Butterworths and Warriors. These young fish were absent on the
Dixon Entrance grounds and scarce on the Horseshoe and Cumshewa grounds.
Present indications are that the main nursery area in Hecate Strait lies on
the northern part of the flats,

Young rock sole caught in the series of drags between Butterworth
Rocks and Fife Point were noticeably smaller at each age than those caught
between Warrior Rocks and Fife Point. This difference may be a reflection
of different growth conditions in the two regions, but the possibility of
segregation of schools according to size cannot be neglected.

(c) Butter sole., This species was distributed unevenly across
the Hecate Strait flats, but heaviest concentrations were found in the
central region. As in the case of the rock sole, immature fish inhabit
much the same regions as the adults.

The species was scarce in Dixon Entrance and in southern Hecate
Strait. In the latter region, nearly all fish caught belonged to group
III {1951 year-class),

On the northern flats group IV fish (1950 year-class) were better
represented than either groups III or V. In Chatwin‘’s report on the 1953
sampling {Circular No. 30), group III fish were more abundant than either
groups II or IV. Thus it appears that the 1950 year-class was stronger
than those of 1949 and 1951, This is rather surprising in view of the fact
that spawning, which in most years has occurred in Skldegate Inlet, failed
to take place in that region in 1950,

(d) Brill., This species was not encountered in great numbers on
any of the Hecate Strait grounds in the summer of 1954. In MacIntyre Bay
small numbers of adult fish were found at depths of 20 and 22 fathoms. None
were found on the Hecate Strait flats, In southern Hecate Strait, they were
found only on the Cumshewa ground. The commercial-sized fish were consi-
derably larger than those in Dixon Entrance, but small immature fish were
also present. The latter were about 23 centimeters in length and were 2
yoears of age.,

{e) Gray cod. 1In contrast to the results obtained in 1953, large
numbers of O=group gray cod were encountered on the northern part of the
bank and in MacIntyre Bay. No representatives of this group were found in
1953,

(f) Other species. Grouyr I dover sole were found only along
the eastern side of the Hecate Strait bank and in shallow water in Dixon
Entrance., Mature fish were found in deep water (50 to 100 fathoms) on the
Horseshoe and in Dixon Entrance.

Long-jaw flounder, believed to be group I, were found in modera-=
tely deep water (30 to 40 fathoms) both on the Cumshewa ground and in
Dizon Entrance.
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OCEANOGRAPHIC STUDIES

Long-term temperature trends K.S. Ketchen

During the past three years, long-term records of air and water
temperatures have been assembled from various regions of the British Columbia
coast, Interest in this subject has been prompted by the belief that climatic
changes are ocourring in the North Pacific and that these changes are affec-
ting the abundance and distribution of various species of groundfish.

A discussion of the long-term temperature trend appeared in manu-
script form (Manuscript Report No. 575) during 1954. The following is a
summary of that report.

Mean annual air temperatures for the southern British Columbia coast
shows an upward trend from 1910 to 1940 while those for the north cocast follow
the same course from 1920 to 1940, Between 1940 and 1950 in both regioms,
temperatures have declined markedly.

The %rend from the turn of the century to 1940 corresponds well with
the trend in the North Atlantic. However, after 1940 there was a divergence.
North Atlantic temperatures continued to rise while those in the Pacific went
into a sharp decline,

The significance of the changes in the northeast Pacific in respect
to the fisheries is not irmediately apparent. This may be due to inadequate
statistics or simply that there have been no long-term fisheries for species
which are sensitive to the changes. There are, however, several indications
that these changes are affecting the distribution of groundfish. The gray cod,
which was the object of a large fishery in Alaska earlier in this century, is
now noticeably absent from that region., The fast that gray cod are currently
very abundant on British Columbia grounds suggests that the range of distribu-
tion is undergoing some changes,

The bxill, which is undergoing a decline in abundance as a result of
poor recruitment over a number of years, may be responding to the marked changes
in temperature which have occurred over the past decade.

MISCELLANEOUS PROJECTS

Mid-water trawl development program W.E., Barraclough

The mid-water trawl development project was undertaken to test and
adapt to British Columbia conditions an efficient mid-water trawl for herring.
The project was requested by certain segments of the trawling industry because
they were unable financially to continue independent or private experimentation.
The project has been carried out under the Industrial Development Vote.

Through the cooperation of the Department of Fisheries, trawl net. .
fishermen met with representatives from this Station and the Department of Fishe-
ries and formed a committee composed of experienced fishermen to advise on the
design of gear and the program of experimentation. Most sections of the trawl
fleet were represented in order to take maximum advantage of the knowledge al-~
ready gained on the problems of herring trawling. One member of the committee,
Mr. W. Johnson, has been assigned part-time employment to design and construct
the necessary gear for a mid-water trawl.

Mr. Johnson and K.S. Ketchen consulted representatives of the U, S.
Fish and Wildlife Service and sections of the fishing industry in Seattls about
various net and kite designs of mid-water trawls., In Prince Rupert Mr. Johnson
and W.E. Barraclough met with trawl fishermen who had fished with bottom trawls
for herring and experimented independently with mid-water trawls in the herring
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fishery. In meetings with these fishermen Mr. Johnson demonstrated models of
an otter-board with a hydrofoil section and horizontal stabilizer, which he
considered would be suitable for mid-water trawling. The fishermen demon=
strated general agreement on net designs of nylon webbing and expressed ap-
proval of the proposed type of otter-board. A full-scale set of boards of
this new design has been built and trials conducted aboard the Investigator
No. 1. Mr. Johnson stated that the performance of these boards in the preli-
minary experiments was satisfactory.

Experimentation with a type of mine-sweeping gear used as a sprea-
ding device to keep the mouth of the trawl net open was conducted aboard the
Investigator No. 1 by W.E. Barraclough with the assistance of Lt. Comdr.
R.P.R, Saunders, R.C.N. and his staff. This equipment was loaned by the
Department of National Defence, H.M.C. Dockyard, Esquimalt, B. C. in coopera-
tion with the Pacific Naval Laboratory at Esquimelt, B. C. The gear shows
some promise for adaptation to trawling in surface layers,

Considerable time has been spent in gathering information on the
webbing required for a mid-water trawl net. In keeping with the almost unani-
mous opinion of fishermen and the committee that nylon web is the most suita-
ble for this type of fishing, a special study was made of the various types
of nylon twine currently available in Canada and the United States. Designs
of mid-water trawls developed in other countries have been studied with the
view of adapting them to British Columbia trawlers and the conditions which
exist in the British Columbia herring fishery.

The advice of Mr. P,J.G. Carrothers, who is now on the staff of
the Pacific Experimental Station, is acknowledged in the selection of the
most suitable type of nylon twine for the mid-water trawl. The nylon web
of the required mesh and twine size has been delivered by a Canadian manu=
facturer and construction was commenced in November.

) Although there is no assurance of a successful outcome, it is
hoped that a type of mid-water trawl will be developed which will catch
herring in commercial quantities. It is believed that development of a
successful mid-water trawl could lead to a more orderly system of proces-
sing herring than that which currently exists and open a new field of
operation for trawl fishermen in British Columbia.
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WHALE G.C. Pike

THE 1954 WHALE FISHERY

The whaling station at Coal Harbour on Vancouver Island completed
its seventh whaling season during 1954. This was a record year, considering
the length of the sesson (from March 15 to September 15) the number of
catchers operating (6 as compared to 4 or 5 in previous years) and the total
catch, which has continued to increase each year since the operation began
in 1948. Although the 1954 catch of 630 whales was the largest on record,
the season was not the most successful.

The. species composition of whales taken at the. Coal. Harbour Whal-
ing Station during the years 1948 to 1954 was as follows:

Right
Year Fin Hump Blue Seil Sperm Grey Beradius .Whale Total
1948 37 115 0 2 28 0 0o 0 182
1949 105 76 2 3 69 0 0 0 255
1950 150 95 4 24 40 0 1 0 314
1951 216 51 9 5 153 1l 1 1l 437
1952 240 61 16 22 126 0] 0 0 465
1953 181 47 8 14 275 10 4 o] 539
1954 150 106 11 134 226 0 3 0 630
Total 1,079 551 50 204 917 11 9 1 2,822

The ®"catch per catcher's day’s work® is used as a measure to gauge the
the success of a whaling season. This unit.gives comsideration to the size of
the fleet, the length of the season and time lost due to bad weather, repairs,
refueling, etc. The whaling effort in 1954 was 750 ®catcher's day's work®™ as
compared to 611 in 1953 end 444 in 1952. Catéher’s day®s work lost as a re-
sult of poor weather, including fog, were 272 in 1954 as compared to 216 in
1953 and 20} in 1952, The number of whales taken per catcher®s day®s work was
0.84 in 1954 as compared to 1,05 in 1952 and 0.88 in 1953,

The species must also be considered when judging the success of a whal-
ing season, as the species differ in value. Whale equivalents estimated accord-
ing to oil yield are: 1 blue whale = 2 finbacks = 2 1/2 humpbacks = 6 seis.

The 1954 catch consisted of a large proportion of sei and humpback whales.
These species are economically less valuable than the blue or finback. In 1952,
a good whaling year, about 75% of the catch of baleen whales consisted of blue
and finback whales. In 1954, only about 44% of the catch of baleen whales con-
sisted of these species and the value was consequently less. The outstanding
features of the 1954 catch camposition are the small proportion of finbacks,
which during 5 previous years constituted the largest proportion of the cateh,
and the large proportion of sei whales, which during previous years were

rarely taken. ‘

The reason for the decline in the numbers of finbacks and in the pro-
portion of finbacks in the catch is believed to be that the finbacks are be-
coming wary of this whaling area and are tending to avoid it. There is no
evidence to suggest that the stock is being depleted. There has been no de-
cline in the average lengths or in the proportion of mature animals in the
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annual catches of this species. Catches at this station have always con-
sisted mostly of young finbacks, immature or recently matured.

The biological study of the whales from this locality has been con-
tinued during 1954 but thers has been a relaxation of field work in order
to provide more time for analysing back data. A period of four weeks was
spent at the whaling station in March and in August., During the remaining
part of the season the statisticdl data on species, length, sex and foetuses
required by the International Whaling Convention, weré collected by company
employees.

COLLECTION OF DATA

A routine system of data collection in examining the carcasses of
each whale as it is processed has been followed since 1948. That season
was one of familiarization and 1948 date have been excluded from the final
analysis. Additional data from less than 50 whales were collected during
the 1954 season. The following tabulation summarizes the collection of
data for the years 1949-1953, inclusive. Analysis is directed towards an
understanding of the life-history features of each species. These features
relate to age, growth and maturity, and are fundamental to an. understanding

.of the dynamics of the population.

Finback Humpback Sei Blue Spern Total

Ovary weight 391 109 23 18 = 24 565 s
Count of corpora lutea 219 67 26 16 23 351
Size of largest follicle. 356 108 20 16 23 523
Width of uterine cornua 207 S8 7 10 15 297
Mammery glands 445 128 30 20 22 645
Testis weight 376 167 30 15 526 1,114
Blubber thickness 778 282 57 34 577 1,728
Baleen recordings 798 292 61 35 - 1,186
Proportional measurements 474 221 56 34 415 1,200
Fostuses measured 129 38 20 5 12 204

Various other supplementary . data are recorded for each. whale,
Stomach contents have been studied to show that finbacks, humpbacks and blue
whales feed almost exclusively on euphausiids, chiefly. the species Thysanoessa
spinifera. Sei whales show a preference for copepods. Sperm whale stomachs
contain mostly squid, of which at least 4 species ocour, chiefly Moroteuthis
robusta., Sperms feed secondarily on the ragfish, Acrotus willoughbyi. Rock-
fish, dogfish and skate occur in lesser quantities. Notes are recorded on
the extent of diatom infestation and on the prevalence of scars caused by
parasites. This gives information on migration. Parasites arse recorded and
specimens collectea. A first report dealing with :the helminth parasites of
whales from this locality is at present in the hands of the publisher. A
collection of pathological specimens has been set aside for future study.

An attempt to encourage the reporting of whales sighted along this
coast is being fostered by the circulation of a whale identification booklet
among fishermen and lighthouse attendants. Log books for reporting whales
sighted have been placed aboard three U.S. Coastguard Lightships stationed
at the mouth of the Columbia River, at Umatilla Reef and at Swiftsure Bank.

s
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Log books have also been placed aboard the Canadian weatherships at Stetion
"Papa®" which is located about 1,000 miles west of Victoria.

RESULTS OF MATURITY STUDIES

Study of the reproductive organs permits the division of the catch
into components according to sexual condition as shown in the following tab-
ulation., Columns showing figures for the numbers of whales caught and the
number examined will indicate the reliability of the percentage. figures and
the degree to which each is representative of the catch.

Finback Humpback Sei Blue Spemm

Femal es , : ,

Number caught 457 140 33 23 28

Number examined 439 128 32 20 25
Immature % 45,8 43.8 9.4 15.0 0
Pregnant % 29.8 26.6 62.5 25.0 48.0
Resting % 12.7 15.6 21.9 40.0 20.0
lLactating % 9,1 10.9 3.1 20,0 16.0
Ovulation % 2.5 0.8 3.1 0 12.0

Both preg. and lactating % 0 2.3 0 0 4.0
Males " *
Number caught 435 189 35 16 634 .
Numbser examined 384 169 27 16 0
Immature % 52.1 45,5 4,0 37.5 -

Mature % 48.9 54,5 . 96.0 62,5 Almost 100%

Approximately one-half of the mature finback and humpback whales
have been pregnant. The other half have been in & resting or lactating con-
dition. Females which have ovulated preparatory to a new pregnancy were few.
This suggests pregnancies in alternate years following first maturity.
Foetus measurements show that breeding in these species is at a maximum dur-
ing the winter months and that the duration of pregnancy is between 1l and
12 months. Finback whales conform closely to this schedule. Humpbacks, by
reason of the occurrence of a few females which are simultaneously pregnant
and lactating, and of a wider range of foetus lengths in any given period
during the summer season, may occasionally breed out of season and may bear
two young in a three-year period.

Male baleen whales are classified as mature or immature on the
basis of testis weights. Finbacks, humpbacks, sei whales and blue whales,
with testes weighing 5 kg., 7 kg., 1 kg. and 10 kg. respectively, are re-
corded as immature., Smears of seminal fluid from finbacks and humpbacks
taken during the summer whaling season usually show an absence ot Spuim-
atozoa, indicating a breeding season generally restricted to the winter
months,

Male sperm whales in the catch consist mainly of small and medium-
sized bachelor bulls. All but a few are sexually mature. Smears of seminal
fluid from 100 sperm whales showed the presence of spermatazoa in all but one
individual--a 34-foot whale. Spermatogenesis connences in this species at
lengths of 36 feet or less and, umlike the baleen whales, continues unabated
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throughout the summer months. Female sperm whales, which are uncommom in
catches from temperate latitudes; were all sexually mature. The length of
female sperm whales seldom exceeds 38 feet. Consequently, the 35-foot
length limit precludes the capture of all but a few of the largest females.
Catches of baleen whales at the Coal Harbour station, in keeping
with other shore station catches in temperate latitudes, show a large pro-
portion of immature and young whales. The information provided by data
described in the preceding appendix allow estimates. to be made of the aver-
age lengths at which sexual maturity is attained. For finbacks the average
length is 58 feet for the males and 60 feet for the ‘females. Averages for
humpbacks are 38 feet for the males end 40 feet for the females. Averages
for blue and sei whales, because of the limited data available, are less
clear, They are about 40 feet for sei whales and 68 feet for blue whales--~
the females attaining sexual maturity at lengths slightly greater than males,

AGE AND GROWTH STUDIES

The approach to the problem of age in baleen whales is being made
by means of recording the surface sculptures on the baleen plates, counting
numbers of corpora lutea in the ovaries of the females and by reference to
length frequencies, which do not in themselves permit age classification.
Corpora lutea counts give relative ages for mature females. Baleen plate
recordings are most reliable for younger whales. As growth proceeds, the
tips of the growing plates are worn away, thereby ‘erasing early growth per-
iods, A combination of the two methods is expected to yield the best age
determinations.

Growth studies relate chiefly to the measurement of body propor-
tions and the changes in body form which occur as growth proceeds. Body
form of British Columbia whales is compared, according to sex and length,
with the body form of their specific counterperts in other localities. Fin-
back, sei and blue whales from British Columbia are found to differ in their
relative body proportions from whales of corresponding lengths caught in the
Antarctic, This difference demonstrates a faster growth rate in Antarctic
whales of these species, but no specific or subspecific differences. The
opposite condition seems to apply for humpback whales--their growth being
faster in British Columbia waters. The body proportions of sperm whales are
similar wherever this species has been studied.
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MARINE CRUSTACEA (CRAB AND SHRIMP) - T.H. Butler

CRAB v T.H. Butler

The main part of the work on merine crustacea is concerned with the
crab fishery of the Queen Charlotte Islends. The objective is to determine
the cause of fluctuations in the fishery, end to recommend a management policy
to ensure the maintenance of a stable fishery. To achieve this, the research
program is divided into three phases: tegging, sampling and life-history
studies,

The present status of the crab fisheries in Hecate Strait end
McIntyre Bay is considered in a later portion of this report. It is believed
that the intense exploitation by Canadien and American vessels in Hecate
Strait has removed the greater part of the accumulated stock, and that the
fishery is now dependent upon the recruitment of younger crabs. The situa-
tion is of economic importance since the crabs which moult to become commer-
cial size in the summer months are inferior in quality.

A. Tagging.

The extensive tagging program conducted from 1947 to 1953 in these
regions was discontinued during 1954, Only 10 tags were released southwest
of Butterworth Rocks; to date no recovery has been reported.

During 1953, 261 crabs were tagged in Naden Harbour. In the 1953
fall fishery, 85 tags or 32.6% were recovered. The total catch was 58,916
crabs. The size of the population before the fishery is estimated at 149,700
crabs (fiducial limits at 95% confidence level = 127,400 and 172,200)° The
1952 population estimate was 117,600 crabs. A spring fishery in Naden Har-
bour, March and April 1954, resulted in the recovery of 37 additional tegs.

Analysis of the 1953 and 1954 recoveries from the 1953 tagging
progrem in Hecate Strait and Mclntyre Bay is not yet completed.

B, Sampling of undersized crabs.

Experimental fishing to determine the distribution and abundance
of juvenile crabs was continued. Most of the work has been concerned with
establishing the distribution; it has, however, been possible to compare the
abundance in 1953 and 1954 at a number of statioms.

Small-meshed trawls were used for sempling in 1954, Sempling data
were also obtained incidentally in Hecate Strait in July, 1954 during the
third groundfish survey by the Investigator No, 1.

Sampling was carried out as follows:

Area - Date Totel tows Tows with crabs Total crabs
Naden Harbour Autust 28 18 201
McIntyre Bay September a5 5 11
Hecate Strait July ' 36 ) 15 562

In Naden Harbour, tows taken in 10 localities were repeated in
1954, In 1954, post-larval or O-group crabs were found to be less abundant
than in the previous year: 1953--149 per lO-minute tow, 1954==15 per 1l0-min-
ute tow. I=group were more abundent and more widely distributed in 1954
then in 1953: 1953--3 per lO-minute tow, 1954-- 5 per lO-minute tow.
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In McIntyre Bay, the O-group crabs were considerably less abundant
in 1954: 1953--202 per lO-minute tow, 1954--4 per lO-minute tow. It is pos-
gible that more post-larval crabs would have been taken with later sampling
in 1954, but the trawling was conducted at approximately the same dates in
the two years. It was also found that the megalops larvae, the last larval
stage before metamorphosis, were not abundant in 1954; this would suggest
that the 1954 brood was less abundant than that of the previous year.

Sampling in Hecate Strait was not very successful. _The presence
of large quantities of detached algae restricted shallow trawling along the
east coast of Grahem Island by the Investigator No.l. Therefore, a valid
comparison of the 1954 sampling with 1953 results does not seem possible.

The young stages of the crab are found most abundantly in shallow
water (2 fathoms or shallower). In Naden Harbour they occur in the inshore
regions associated with eelgrass. The eelgrass is not present along the ex-
posed beaches of McIntyre Bay; here the post-larvae are found amongst the
debris of detached algae. The I-group crebs in MeIntyre Bay seem to be
found in the region between Tow Hill and the entrance to Massst Inlet; the
presence of many rocks and boulders mekes trawling very difficult in this
area and it is planned to carry out further sampling in this region with
specially adapted traps. -

C. Life-History studies.
1. Mating of maele crabs.

As reported in the 1953 Annuel Report, an attempt has been made to
determine the size range of male crabs by the presence of meting marks.,
These marks on the claws of the male are the result of contact between the
exoskeletons of the two sexes during the mating embrace. : '

‘During the 1953 season all males larger than about 12 centimetres
were examined for the presence of mating marks. In Naden Harbour, of 181
males examined, 237 or 27.6% had mating marks., Of the 237 males with marks,
137 or 58.8% were legal size or over (17.5 cm., greatest width of carapace),
It seems then that the legal-sized males formed a slightly larger part of the
breeding population than smaller males. Mating marks were found less fre-
quently on newly-moulted males of the legal size group. However, it is
likely that these crabs mated before moulting or would mate after the shell
became harder.

In Hecate Strait, of a total of 1,102 male crabs used for tagging,
179 or 16.2% bore mating marks., This value is considerably lower then the
percentage found in Naden Harbour, but the Hecate Strait sample was taken
earlier in the summer, probably before the peak of-the breeding season.
Samples of undersized males in Hecate Strait have not been available.

The study in Naden Harbour has indicated that the smaller males
form en importent part of the breeding population. It is possible that they
would form an even higher proportion of the breeding stock if the abundance
of males of commercial size were reduced by an intense fishery. There is an
indication from the 1954 sempling in Hecate Strait that the undersized males
are important in breeding there also.

2. Food of the crab,

The contents of 170 crab stomachs collected in trawls and on the
heach during 1952 and 1953 were examined. Crustaceans were the most important
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group in the crab’s diev: in- order of im.poi'tance‘9 amphipods, commereial
crabs, mysids, barnacles, other crabs, cragonid shrimps, unidentified crust-
acea, and 150podso Glams were also important generally. Several different

. organisms were found in one stomsch:; Cannibalism was most evident in the

crabs fram Nadeén Harbour, where the small post-larval stages were eaten.

Since the main food organisms live either completely or partly
buried in the sand, thecrab obtains these by probing partly opened claws
into the sand. The claw of the commercial crab is well adapted anatomically
for this type of hunting.

Further samples were collected during the 1954 season. A progress
report has been published (No° 99 July 1954) based on the samples collected
during 1952 and 1953,

. Do Statug of the prab‘fiehery~iniﬂeéate«Streit and McIntyre Bay.

~ Hecate Strait. The region was first fished by a Canadian vessel
in 1946, An American fleet eppeared in 1950, and has continued to fish to
the present., American vessels took from 69% to 76% of the total Hecate
Strait catéh during theé period 1950 to 1952. .

A feature of the 1954 fishery was the:occurrence of many newly-
moulted or soft male crabs. Sempling on two occasions in late July re-
vealed that the catch was composed of up to 86% of newly-moulted crabs.
These crabs are  not of the best -quality. The recovery of meat is lower
than from hard crabs, and generally the crabs are not suitable for the valu-
albe frozen product.

The occurrence of soft crabs is indicative of an intensive fishery
removing the older haid crebs. As a result the fishery is now dependent up-
on the recruitment of younger crabs during the summer season.

Tagging ‘conducted 'in: Hecate Strait between 1947 and 1953 has shown
increasing recoveries from 3.8% in 1948 to 31,3% in 1952, amnd to over 60%
in 1953, The number of tags carried over into the second and third seasons
had decreased, indicating a removal of accumulated stock. ,

" The course of the fishery during 1954 indicates the dependence of
the fishery on newly-moulted stocks.. In the spring, Canadian boats had
average catches of about 10O crabs per trap. These were hard crabs of the
carry-over from 1953. Early in June the rate of fishing dropped off and
remained low until about the' third week in July; then fishing improved with
the appearance of the newly-moulted crabs. These are believed to have

.moulted near the end of May, and for about six weeks had remained inactive,

not entering the traps béceuse of their soft condition.

To reduce the catching of these soft crabs a summer closed season
of three months -from June 1 to August 31 is suggested. Such a regulation
would have to be applicable to Americam vessels to bs effective.

- MoIntyre Bay. This region was first fished about 1939. After
the development of the Hecate Strait fishery in 1946, McIntyre Bay was not
heavily exploited. The Hecate Strait region was fished during the summer,
and McIntyre Bay was reserved for a fall fishery. In. 1953, however, the
heavy concentration of American boats in Hecate Strait forced»Canadian
boats into Mclntyre Bay ‘earlier in the season. than usual,

Tag recoveries in 1953 went to over 50% from 4.8% to 14.8% in
earlier years. Soft ‘érabs- were reported to constitute most of the catch
in the fall fishery 1n'1953. 'Im Tuly; 1954, a sample showed that 68, 1% of
the crabs were softs By the end of August, the situation was so acute that
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a closed season from September 1 to September 15 was instituted voluntarily
by Cenadian fishermen. ' '

It is recommended that a closed season be established in McIntyre
Bay. The moulting season is later here, probably due to lower water temper-
atures., Therefore, it is suggested that the dates of the closure extend
from July 1 to September 30. 8ince the McIntyre Bay fishing grounds are
almost completely in Canadian waters, a regulation applicable to Canadian
boats only would be effective. '

SHRIMP

The shrimp resource of the British Columbia coast is largely un-
explored and undeveloped. Practically the entire shrimp production of the
province comes from a small number of long-established grounds. Difficulties
in the transporting and marketing of shrimps have hampered expansion of the
industry. Within the last year, because of favourable market conditions and
the need of off-geason fisheries for many vessels, there has been increased
interest in shrimp fishing.

Commencing in 1953, the Station carried out exploratory fishing
for the purpose of locating new shrimp grounds, end also to study shrimp
fishing gear: An experiment to test the holding of shrimps in refrigerated
sea water was planned in cooperation with the Pacific Fisheries Experimental
Station. The above objectives were achieved during the winter momths of
1953-54, An extended program of shrimp prospecting is being conducted dur-
ing 1954, ,

A. Results of the 1953-54 program.. T,H, Butler and H.E.J . Legare

The program was carried out during the period November 10, 1953
to March 10, 1954. Two vessels were used for prospecting: the Station
trawler Investigator No. 1 and a chartered vessel, the Yuri M,

One hundred and fourteen tows were completed in the Strait of
Georgia, in Chatham Sound, end in Queen Charlotte Sound and adjacent inlets.
Shrimps were teken in commercial qnantities in 36 tows.

The most promising grounds were found near Cape Lazo in the Strait
of Georgia. The average rate of fishing was 352 pounds per hour, with the
best  catch of 1,293 pounds per hour at 40 fathams. The region wes fished
commercially soon after the prospecting, and proved’to be very productive.
In Chatham Sound the results indicated that the region surveyed would sup-
port a moderate shrimp fishery. The best fishing was encountered near the
Kinahan Islands with catches up to 258 pounds per hour.

An experiment was conducted to compare the efficiency of the
shrimp otter-trawl and beam trawls. It was concluded that the otter trawl
was more efficient for catching shrimps on a time basis since it could be
towed faster. In the course of a fishing day the otter trawl will catch
more shrimps. The otter trawl was also found to catch more fish than the
beam trawl. This is a disadventage in that the larger loads of fish may
damage shrimp by crushing in the net and increase the work of sorting.

Refrigeration equipment was installed .and tested aboard the
Investigator No. 1. Shrimps were held on the vessel in the refrigerated
sea water on two occasions, for periods of 4 and 8 days without loss of
quality. A separage report describing the equipment and results of the ex-
periment has been issued by the Pacific Fisheries Expsrimental Station.
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A miscellaneous collection of fishes, invertebrates, and parasites
was taken during the survey and given to interested specialists.

A mimeographed circular (No. 31) on the results of the prospecting
program has been prepared and distributed widely.

B, The 1954 prospecting program. T.Ho. Butler and G.V. Dubokovic

The aim of the current program is to extend the shrimp prospecting
into regions of the British Columbia coast previously unexplored. In addition
to the shrimp trawling which comprises most of the progrem, a certain amount
of prawn trapping is being conducted. The program commenced on May 31, and
will continue until the middle of December, 1954, using the chartered vessel

Yuri M,

: During June and July, regions on the west coast of Vancouver Is-
land were prospected. One hundred and eleven otter trawl tows and 26 prawn
trap sets were completed. One small shrimp trawling ground was located in
Berkley Sound, where one tow yielded shrimps at the rate of 358 pounds per
hour. No prawn trapping ground of commercial importance was located.

In the Strait of Georgia during August, 41 prawn trap sets were
completed. Prawns were taken in commercial quantities in two localities:
off Galiano Island in 42-52 fathoms, and off Gabriola Reef in 35-43 fathoms.
In both regions, average catches of about 3 pounds of prawn per trap were
recorded.

At the request of the Department of Fisheries a short prawn survey
was conducted in Saanich Inlet, which is an area closed to all commercial
fishing., Ten trap sets with 80 traps were completed, yielding an average
catch of 0.44 pounds of prewn per trap. Reasonably good coverage of the in-

.let was obtained. Other regions in the Strait of Georgia with similar or

better prawn abundance are open to trap fishing.
During September, prospecting was continued in Chatham Sound and
in localities in the vicinity of Portland Canal and Observatory Inlet.
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PATHOLOGY - L. Margolis .

: The aims of the pathology investigation are to survey and assess
the incidence and economic importence of parasites and pathological conditions
in marine animels and to select appropriate economic problems for further de-
tailed study.

Thé presence of parasites or diseases in fish may be of economic
importance because they reduce the availability or interfere with the market-
ability of fishery products.

) The main problem selected for study dealt with a nematode infection
in herringo The research on this problem followed two distinct lines: (1)
an analysis of the incidence and intensity of the infection in herring of
different regions, and (2) attempts to elucidate the life history of the
parasite.

A general survey of tha patasitic fauna of marine fishes and
memmals is continually in progress.

THE INGIDENCE AND INTENSITY OF ANISAKIS INFECTION IN HERRING ~ L. Margolis and
Yvonne Bishop

The results of a preliminary analysis of the data obtained by the
herring investigation in 1950-51 and 1951-52 were previously reported (1951
Annual Report of the Pacific Biological Station). The raw data have since
been transformed, logarithmically, using the formula Y = 100 logj (X + 1)
The values obtained by this transformation had a near normal frequency dis-
tribution and hence could be analysed by use of established statistical
methods., The analysis has been completed and a paper will shortly be
presented for publication. The main conclusions, which are as follows,
generally support the results of the preliminary analysis. For a map show-
ing the location of areas referred to in this report see page 74.

LA Inc;dence.

In 1950=51, of 2,261 fish sampled, throughout the herring fishery,
91.9% were infected, and in 1951=52, 86.4% of 3,047 fish were infected.
Figh in Area 7 in Hecate Strait and on the west coast of Vancouver Island
showed an incidence of 90&100%, whereas the incidence in fish from the
Strait of Georgia was 80-90%.

B. Intensity.

(1) The level of infection was highest in Area 7, and decreased
north and south of this area. On the west coast of Vancouver Island the
intensity decreased from Area 25 to Area 23. Throughout the Strait of
Georgia the level of infection appeared to be constant and was lower than
on the west coast of Vancouver Island.

(2) In all areas the level of infection noticeably increased with
the age of the herring. The increment between successive age-groups was
.greatest in the most heavily infected areas. One-year fish were not in-
fected.

(3) The level of infection was not influenced by the sex of the
fish.
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(4) There was no indication of a change in the degree of infection
with progression of the fishery.
(5) In most areas the infection was a little lighter in 1951-52
,than.in,1950o5l but the same general trends were noted.
‘ The 1ncidence of infection (in percentage) and the mean level of
infection (in actual number of worms) according to. area of capture were as
follows (all ages combined):

Area Number of fish : :
number examined Incidence of infection :  Mean level of infection

1950-51 195152 ' 1950~B1 __1951-52 _ 1950-51 195152
2B(B) 152 229 97 .4 93.4 14,8 11.1
5 451 638  93.8 96.1 12.8 ~ 15.5
6 - 290 - 94.8 - 17.9
7 552 258 98.3 96.2  27.3 24.4
9 - 20 - 45,0 - -- 0.8
12 - 253 - 39,0 == 3.4
13 169 154 76,9 59,7 9.5 5.0
174 - 173 337 86 .7 87.2 5.7 5.5
17B 187 - 85.0 - 7.0 -—
18 210 385 83.8 - 81,8 6.1 . 5.2
23 368 160 96.2 94,4 12.9 8.3
24 - 10 - 100 @ == B UK.

&5 = 361 = 100 | e : 24.6

The incidence of infection (in percentege ) and the mean level of
infection (in actual number of worms) according to the age of herring, were
as follows (all areas combined).

Number of fish

Age examined Incidence of infection Mean level of infection
1950-51 1951<52 1950=51 1951-52 1950=-51 1951-52
I‘ . - 97 oaz Ooo = o,o.o
II 8l 259 62.1 : 38.9 2.2 1.5
IIT 799 " 898 92.7 85.9 6.1 ’ 6.2
Iv 1002 858 93 .3 96.6 16.1 13.5
v 220 826 92,7 98,9 23.4 20.8
VI 95 130 100 98,5 32.3 27.7
VIii+ 37 29 97.3 100 31.1 49,2
 LIFE-HISTORY STUDIES OF ANISAKIS SIMPLEX . Lo Margolis

In last year®s report it was indicated .that a survey of marine
animals demonstrated that the definitive hosts of Anisakis were cetaceans.
As, so far, it has been considered impossible to obtain living young, unin-
fected cetaceans for use in feeding experiments, an alternative method of
elucidating the life-history has been followed. This involved obtaining
eggs from adult worms, hatching them and attempting to follow the larvee
through to the stage found in herring.
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A. Attempts to find first intermediate hosts.

1. Bxperimental.

Living -adult Anisakis simplex were obtained this year from e
harbour porpoise, Phocoena vomerina. Eggs were dissected from the uteri of
worms and hatched in sea. water ‘at room temperature. Previously, it was de-
termined that the hatched larvae (apparently 2nd stage larvae) would not
directly infect young herring and that Euphausia pacifica was a likely inter-
mediate host. Attempts to infect E. pacifica again failed, as these crus-
taceans survived for no more than 3 or 4 days in the laboratory. Moreover,
there was no evidence that they had fed during this time. An apparent
scarcity or inability to capture E. pacifica this year hampered possibilities
of extensive experiments in culturing these animals.

Three other crustacea, the humpback shrimp (Pandelus h senotus),

a prawn (Pandalus Elatxceros) and the gray shrimp (Crago nigricaudas were
algo used in attempted infection experiments, since it was discovered that
they could be kept indefinitely in the laboratory. Although they fed
voraciously on food heavily contaminated with A. simplex 2nd stage larvae,
there was no evidence that the larvae survived in these crustacea.

2, Examination for ngtural infection.

Exemination of 200 to 300 E. pacifica, caught near Nanoose, Van-
couver Island, did not reveal a natural nematode infection.

PARASITE SURVEYS

A, Marine memmel parasite surveys. L. Margolis

Large collections of whale parasites have been obtained by Mr.
G.C. Pike. These have partly been studied and several publications have
appeared in print or have been submitted for publication. .Among the para-
sites recorded are three new species, viz., Cyamus catodontis, an external
amphipod parasite of the sperm whale; Lecithodesmus spinosus, & new species
of liver fluke from the sei whale; and Crassicaude pacifica, a new species
of nematode from the kidneys of the fin whale. ’

B. Tish parasite surveys. L. Margolis and Deena Wakhroucheff

About 200 fish representing about 30 species have-been exemined
for parasites, of which approximately 90% were infected. Forty-five percent
were infected with trematodes, 40% with ectoparasitic copepods and isopods,
2% with cestodes and less than 1% with Acanthocephala. The most common
paresites were the body cavity nematodes, all of which belong to the family
Anisakidae. Detailed taxonomic studies are at present being carried out.

C. Invertebrate parasite studies. L. Margolis

An unusuel and extremely heavy nematode infection of a shrimp has
been studied. The parasite, Contracaecum aduncum, has been described in a
paper submitted to the Journal of Parasitology.
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MISCELLANEQUS L. Margolis

During the course of the year, a number of specimens of diseased
fish has been submitted from various sources for diagnosis... Soms of these
were samples from mass mortalities. Among the diagnosed cases-were dif-
ferent types of tumorous fish and bacterial 1nfections. One bacterial in-
fection, a hemmorhagic septlcemia of herring caused by a.Vibrio orgenism,
appears to have possible economic significance,
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EXPERIMENTAL BIOLOGY J.R. Brett

The main theme of research in Experimental Biology involves con-
tributing to a solution for safeguarding the passage of migrating salmon
around obstructions, particularly those created by the use of water for
power., Examination of the problem indicated that a fruitful path of invest-
igation lay in determining how salmon could be effectively directed in their
freshwater migrations, such that their safe passage could be ensured. Basic
information of this nature is scant.

Investigations on young salmon have been conducted in a large ex-
perimental trough in which a variety of guiding techniques could be readily
tested. From this study has emerged a possible system of directing sockeye
migrants by the use of a curtain of hanging chain. Efforts have been con-
centrated on defining the most effective conditions of operation by further
testing within the trough, and a major effort has been made to translate the
trough findings to actual field conditions. This latter has been attempted
by the construction of a prototype chain deflector in the Lakelse River.
Work om the adult migration has involved 1nvest1gating the effect of odours
on the upstream movement of coho and chinook salmon.. The discovery that
some odour emanating from the skin of memmals had a repellent effect, even
at extreme dilutions, was of considerable significance. The possible use of
a concentrated repellent to disperse salmon away from potentially dangerous
areas 18 evident. In conjunction with the Fisheries Experimental Station
at-Vancouver, attempts to isolate the active ingredient and to test it for
sustained activity have currently been undertaken. This olfactory response .
has pointed up the need for more gsneralized studies on sensory perception
in salmon. It is most desirable to obtain information on attractive odours.

The second thems of research is concerned with defining the signif-
icance of the physical and chemical elements of the enviromment to survival
and distribution of fish. Laboratory experiments on the minimum oxygen re-
quirements of chum, salmon eggs, on the salinity tolerance of young sockeye,
and on the toxicity of various pollutants have been undertaken.

FEXPERIMENTS ON GUIDING DOWNSTREAM MIGRATING SOCKEYE YEABLINGS - J.R. Brett
and D.F. Alderdice

»

The investigation of how to guide young sockeye during their down-
stream migration was commenced at Lakelse Lake in 1953. By the use of a
large experimental trough and by testing a variety of potential deflectors,
it was discovered that chain hung vertically in the form of a "curtain® was
an effective deflector when the interval between strands of chain did not
exceed 4 inches. These tests were conducted at an angle of 45° to the flow.

An expanded program of investigating this means of guiding young
sockeye was conducted during the 1954 sockeye migration. Questions concern-
ing the type of chain, the eangle of deflection, the cause of deflection,
possible benefits resulting from vibrating the chain, and the effect of rate
of flow, needed to be investigated. Most important of all was the question
of whether the .method would work under actual field conditions-with normal-run
migrants, unhandaied and uncontinea within B trough. To test this latter
relation a hanging chein deflector, 56 feet long, was built at a 45° angle
to the upstream face of the Lakelse River counting weir. A hand-driven
vibrator was designed and coupled to the aluminum tubing which carried the
suspended chain. This deflector was located in such a manner as to in-
fluence the fish which would normally move into Pen I of the weir and guide
them into Pen II.
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A. Results of the trough experiments.

(1) Complete confirmation of the 1953 trough results was obtained.

Experimentally, a schooling species of young salmon (e.g., sockeye) can be
guided by a row of hanging chain. A non-schooling species (eagn, coho) does
not respond in the same manner.

(2) The angle of deflection was found to be very important. The
maximum angle which still results in high deflection (for flows of 0.5 ft.
per sec. and less) appears to be about 57° to the direction of flow. Beyond
this angle, effectiveness is progressively reduced for unvibrated chaine

(3) The type of chain is not important.-

(4) The response is dependent mainly upon vision. Light suf-
ficient for vision appears to be possible for these fish at very low levels

of intensity (considerably below an ‘incident intensity of 0.00l foot candles).

(5) The effectiveness of a given interval of chain is increased
when vibrated (144 r.p.m., 3-4 inch stroke). The sight of a moving object
is apparently a greater stimulus in causing deflection.

. Bo Results of the river deflector expe’rim.en.tg°

- The results from these experiments were quite clear in some in-
stances and conflicting in others. The possibility of such confliction be-
came apparent before any experiments were conducted. Despite the fact that
the deflector was built at a 45° angle to the face of the weir, the presence
of a new abutment built in the river bank to carry the vibrator, eand a
natural upstream constriction in the river flow, resulted in a current flow
almost at right angles to the line of deflection. This placed the new de-
flector in the position of a face-on block, not, as intended, as a guiding
influence, causing the fish to angle off downstream in a manner comparable -
with the 1953 trough experiments. Trough tests conducted immediately placed
us in the uneviable position of correctly predicting that such a combination
would not work, This rather surprising angle of flow had its more fortunate
aspects. If it were possible under these adverse conditions to achieve a
measure of deflection, and to relate this to the trough experiments, clarity
of the field problem would result.

Limited consideration of the data collected supports these con-
clusions: . ’ o :
(1) Unvibrated, illuminated chain placed directly in the path of
migrents has nothing but momentary influence on their continued progress
downstream.

(2) Good deflection can be achieved with sockeye 1f the chain is
vibrated (4-inch interval between stremds, 4-inch stroke, 144 r.p.m.) and
the flow does not exceed 0.5 feet per second.

" (3) Mmuch of the initial deflection can be lost if attractive,
alternative downstream paths are not presented to the fish. Repeated ex-
periences along the deflector resulted in the breakdown of clost schooling
and penetration through the curtain of chain.

(4) As flow increases above 0.5 feet per: second the effectiveness
of such a block is reduced. The constant "pressure® of the current results
in the fish moving into direct contact with the chein and, despite being
actually struck by the moving links, they pass through the interval between
strands.

4
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The results of these direct field tests have been most beneficial
in providing experience in the real problem - directing natural-run migrants,
free from the relative simplicities and oddities presented in an experimental
trough. The latter provides the ideas and possible techniques, but not the
answers. It is now apparent that deflection in the trough is readily
achieved because the alternative path, away from chain and into the other
half of the trough, is both attractive and within the visual range of the
fish, No such relation exists where 56 feet of hanging chain is faced. and
that much less if it were 560 feet.

In the field the presence of many other fish, steelhead; dolly
varden and suckers, sometimes sent the young salmon darting in all direct-
ions, oblivious of any deflector.

It is only possible to speculate on the success of a similar type
deflector operating under the specified conditions now set forth, namely,
illuminated, vibrated, not more than en angle of 57° to flow when that does
not exceed 0.5 feet per second, and coupled with an-attractive alternative
route. It is our opinion that these conditions are not particularly dif-
ficult to meet. Research on attractive openings must be commenced.

ISOILATION OF THE REPELLENT FACTOR IN MAMMALIAN SKINS
' DETERRENT TO ADULT SAIMON - - D.F. Alderdice and
‘ ' J.R. Brett

In the course of investigation sensory perception in salmon it has
been established that salmon exhibit an olfactory semnsitivity to a substance
produced by the skin of certein memmals. When introduced into the water,
the repellent substance causes an interruption in the upstream migration of
coho and spring salmon. The response to the repellent has recently been
confirmed for sockeye and chum salmon.

In 1953 a knowledge of many of the physical properties of the re-
pellent was developed with a view toward isolation of the active material
and identification of its structure. It is considered that such a substance
mey find an application in the manipulation of salmon rmns, particularly
with reference to the increasing utilization of water resources by industry.

Gross separation techniques are now known. The second stage of
isolation now in progress requires the use of more sensitive techniques
which will differentiate between substances whose physical and chemical pro-
perties are too similar to allow successful separation by gross procedures,
Continuous electrophoretic techniques have allowed collection of the active
principle separated both from materials carrying strongly negative and from
others with strongly positive charges. Since the active principle carries
a small charge, adjustments are now being made to expand the neutral range
to effect separation of the repellent from other molecules occurring within
this range.

It i3 considered that the knowledge of physical properties of the
repellent already gained and the employment of sensitive isolation procedures
currently being tested will allow extraction, isolation and concentration of
the repellent substance,

Further information mey be obtained from the Annual Report of the
Pacific Fisheries Experimental Station where these extraction procedures are
being carried out.” Field testing of the extractions has been the continued
responsibility of the Pacific Biological Station.
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POLLUTION STUDIES - D.F. Alderdice and J.R. Brett

A. Toxicity of kraft mill effluent.

Kreft mills discharge large volumes of effluent into waters in-
habited at various times of the year by migratory stages of salmon. Recent
indications of increases in the production of pulp and paper have made it
necessary to examine what levels of effluent concentration are tolerable to
young Pacific salmon. No information on the effect of the particular com=
bination of present-day sulphate effluents discharged into saltwater es-
tuaries inhabited by young salmon was previously available. If the down-
stream migrant may be assumed to be the more vulnerable stage in the cycle,
the conclusions from this stage of development may then set the level of
effluent concentration tolerable to Pacific salmon. .

The problem is quite complex. The influence of varying tempera-
tures, salinities, oxygen concentrations, time of exposure and developmental
stage of the fish precludes any simple treatment.

As a representative study, the relations recorded at the head of
Alberni Inlet were taken as likely type conditions. Sockeye salmon under-
yearlings averaging 5.04 cm. fork length and cultured at 18°C. were exposed
to various concentrations of kraft effluent at 18°C. and a salinity of
20 0/00. Solutions were made up from 24-hour composite samples of
kraft effluent usually from 24 to 36 hours old. Tests were conducted in
static volumes.of these solutions and changed every 12 hours. Some trouble g
was experienced with low oxygen conditions at the end of several 1l2-hour
periods but, in general; these tended to point up an increased oxygen re-
quirement for fish held in the higher concentrations. Toxicity of the ¢
several concentrations of effluent tested are listed in the following table.

Test salution per= Median effective “Safe expo'ure"

cent effluent dose in minutes i in minute
18 1,190 L -

10 1,300 - 300

8.5 2,550 450

7 2,700 1,000

6 5,400 1,550

5 11,000 ‘ 3,400

X gemi-graphic estimation, pending analysis

, If it may be assumed that migrants remain in the estuary of a
river for a period of between 1 to 4 weeks, effluent concentrations in that
region should allow safe exposure for an appro riate time period. Estimated
gsafe exposure concentrations of kraft effluent® for sockeye underyearlings
exposed for periods of 1 to 4 weeks at 18°C., salinity 20 q/bq, are as

follows: :
§ . Q
Exposure, weeks Concentration, % effluent
1 ' 4.0
2 3.6
3 3.9
4 3.3

% Semi-graphic estimation, pending amnalysis
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Observations of hypoxial behaviour and the oxygen levels at which
they occurred in the test solutiens suggested that critical oxygen require-
ments rise from a minimum level of about 2 p.p.m. in the lowest effluent
concentrations to about 5.4 p.p.m. in the 18% effluent test solution. In
view of these results, it may be ventured that in situations where oxygen
depletion of a water mass by the oxygen demand of the effluent is insuf-
ficiently counterbalanced by dilution and exchange, the sypergistic action
of toxicity and low oxygen conditions may lower the minimum acceptable
dilution of effluent or, conversely, raise the minimum acceptable concnetra-
tion of oxygen required for safe exposure.

B, vToxicitx of sodium arsenite.

Methods of treating flat rafts and Davis rafts against teredo in-
fection while in salt water are being investigated in British Columbia,
Sodium arsenite solutions have been demonstrated as effective agents for

teredo .control, .In.line with this developmental work the Department of

Fisheries asked the Fisheries Research Board for informmation on the toxicity
of sodium arsenite to fish,

0f the two types of raft which are treated, it would appear that
the greater potential danger to marine organisms would occur in the locations
for treatment of Davis rafts. Consequently, a species of ecomomic importance
which may be expected to frequent such treatment sites was selected as the
test animal. Young chum salmon averaging 4.71 cm. fork length were cultured
at 14 to 15°C. and tested at three concentrations of sodium arsenite at a
mean temperature of 14.6°C. and a salinity of 18.1l o/oco. These concentra-
tions were selected to cover a range in which it is considered exposure -
under field conditions would occur. The sodium aresenite vehicle used in
the tests was "Penite 6X", a commercial preparation-used in some of the

-raft treatment.studies. Test solutions used in the bioassays were analysed

by the B.C, Regearch Council for sodium aresnite content,
Results of the toxicity tests are given in the following tabulation.

Sodium arsenite as Median lethal exposure, #Safe exposure™,
P-p.m. Asg03 . . in minutes in hours
410 88 - 1
85 398 3
12.2 2,600 11.6

The median lethal exposure at the three concentrations testad are
hyperbolic functions of sodium arsenite concentration. Safe exposure at
each concentration represents the extension of the provisional probit curve
to zero mortality. Safe exposure limits (shown in the previous table)
therefore, may be estimated from a double log plot of safe exposure time
against concentration, within the concentration limits indicated.

Under field conditions, high concentrations probably would be
applied to rafts to ensure complete teredo kill before dilution by seawater
rendered the diminishing concentration of sodium arsenite ineffective.

S8ince the effects of exposure are probably additive in a series of concentra-
tions diminishing with time, totel sublethal experience would depend on the
rate of diminution in toxicity of the area in which treatment occurs. Dilu-
tion may be expected to be rapid. Under conditions approaching the character-
istics of this series of tests, the safe exposure times listed may be re-
garded as a good approximation of the limits of sublethal experience.
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ENVIRONMENTAI.FACTOES

A, Minimum oxygen requirements for D.F, Alderdice, J.R. Brett
chum salmon eggs. .and W.P. Wickett

To determine the minimum suitable conditioms for successful develop-
ment of salmon eggs, or the cause of death when mortality has occurred, ex-
periments on oxygen requirements have commenced (see Pink and Chum Salmon Re-
port, page 50). '

The oxygen uptake of incubating salmon eggs is dependent on three
main environmental variebles. Temperature of the water medium influences
the rate of uptake, while oxygen content and the velocity of the water per-
fusing the egg mass determine the availability of oxygen for respiration.

Chum salmon eggs collected at the Nile Creek field station were
trensported to the laboratory and cultured at 5°G. prior to experimentatiom.
Oxygen requirements for eggs in the first series completed were determined
at 5°C, at a developmental stage just prior to and during hatching.

Respiratory requirements were evaluated in a series of solutions
varying in degree of oxygen saturation. Continuous flows of water at
selected levels of oxygen saturation were introduced into the egg chambers
by adjustment of the rates of flow to each chamber of saturated and de-
saturated water supplies. Desaturated water was produced by equilibrating
water in a stripping column to an atmosphere of nitrogen. '

The first series of tests was carried out at maximum flow rates to
each chember so that oxygen availability would be dependent only on the level
of oxygen in the perfusing media. Mortality in the samples was followed for
one week., The eggs were transferred to normal oxygen conditions in order to
follow any post-experimental mortality until hatching was completed.

Results are illustrated in the following table:

‘2

Mean oxygen concentration, p.p.m.

0,255 0,292 1.41 1.97 4.20 12.47

Survival in test

period (%) 0 10 90 100 100 100
Survival in total

hatch (%) . 0 10 70 100 100 = 100
Hatch in test )

period (%) 30% 20k 70 60 30 20

nIncluding alevins which hatched and snbsequently died.

The results suggest that at 5°C. chum salmon eggs at the develop-
mental stage considered are tolerant of low oxygen concentrations to a mini-
mum between l.4) to 1.97 p.p.m. when velocity of the perfusing system does
not limit oxygen availability. The level of oxygen concentration et which
50% of a sample would survive in a period of one week is about 0.65 p.p.m. a
The data suggest a dependence of hatching rate on the level of
oxygen concentration of the perfusing medium. Rate of hatching in the ex-
perimental period is minimal in the sample near saturation. Increases in
the hatching rate progress to a maximum in the region of transition from
tolerance to resistance against low oxygen. Further decreases in oxygen
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level below the zone of resistance produce a stress on the organism inhibit=
ing further development. It would appear that the increased rate of hatching
provides a compensatory mechenism which allows eggs more quickly to become
independent of the limiting effects on respiration imposed by the egg capsule.

B, Salinity tolerance in young sockeye J.G. Hunter

Experiments to determine the tolerance of young sockeye salmon to sea
water have been made. Analysis of this work is not yet complete but facts
point to a total survival in sea water of concentrations up to approximately
20 0/po. Repetition of this work on sockeys of increasing sizes shows
tolerance to inoreased salinities, suggesting tolerance is related to the
volume/oral surface area ratio. '

It was not possible to show acclimation to sea water by prolonged
immersion in sub-lethal concentrations of sea water.

CRUISING SPEEDS OF YOUNG SAIMCN J:R. Brett and
Mary Lennox

~ Cruising speeds of fish were measured by determining the maximum
gtustaihed steady-rate of swimming maintained for at least one hour. They
constitute a measure of two fundamental aspects of fish performance:
(1) the actual physical ability to swim, and (2) the capacity of the animal
to do sustained work, i.e., metabolic performance (which may or may not be
directed into the act of swimming). :

These measurements are of value in determining what rate of flow of -
water dces not exceed the capacity of a fish to stem the flow. In cases
where water is screened for irrigation or for turbine use, or any other use
which is potentially destructive to fish, that rate of intake must not exceed
the cruising speed of the fish. Information of this nature is almost entirely
lacking.

Present experiments demonstrate that for salmon underyearlings. the
rates are less than 1 foot per second {0.68 m.p.h.) in almost all instances.
At temperatures of 5° C. and less, the cruising speeds average about 0.5 feet
per second. Systematic cataloguing of the cruising speeds of all under-
yearlings and yearlings of Pacific salmon at temperatures ranging from 1° c.
to the upper lethal levels of 24-25° C. is im progress. Work on ccho and
sockeye is reaching completion.

As a measure of metabolic performance, the highest cruising speeds have
provided an index of the temperatures at which the fish are most likely to suc-
ceed, and consequently the temperatures at which they are most likely to be
found. This has been borne out by the studies on coho and sockeye. Coho show
an optimum performance in the vicinity of 20%9 ¢, and maintain a high level of
. performance even approaching the lethal level. They are found in streams and
‘i{nshore shallows of lakes in mid-summer. Their activity is greatly reduced by
low temperatures.

-In contrast, young sockeye display their optimum at about 15° to
16° C., and have a greater ability to perfom at low temperatures than do the
coho. The faot that sockeye tend to be offshore in deeper waters of the lake
and only move into the streams during the early spring supports the proposi-
tion that the swimming speeds are a profitable laboratory measure of
ecological temperature relations. Measurement of lethal temperatures and
preferred temperatures have not distinguished so clearly the fundamental dif-
ferences between these species.
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POLLUTION - M, Waldichuk

Problems on pollution had been conducted heretofore by Dr. J.P.
Tully and staff of the Pacific Oceanographic Group. The work on pollution
under the writer's charge commenced in July, 1954, and will concern problems
affecting the fisheries. Where solutions can be obtained only through re-
search it is plamned to conduct field surveys supplemented by any necessary
laboratory work. It is anticipated that there will be numerous ad hoc pro-
blems presented by industries whiéh plen waste disposal into natural waters.
When possible, these problems will be dealt with from known characteristics
of the wastes, the nature of the waterways into which the wastes are to be
discharged, and information available in the literature.

KRAFT PULP MILL POLLUTION IN ALEERNI INLET

This study was undertaken by Alderdice and Brett on the toxicity
of kraft mill effluent (see page 158). Application of the.laboratory results
to conditions in Alberni Inlet was made on the basis of early work reported
by Dr. J.P, Tully. From data supplied by Dr. P.C. Trussell of the B.C. Re-
search Council on the biochemical oxygen demand of kraft wastes, the limits
of waste effluent discharge were defined under present conditions of river
flow. The curves of oxygen supply at varying river discharges and oxygen
demand at varying dilutions of the waste effluent were used to determine the
necessary Somaess River discharge for a particular volume of waste.

SURVEY OF EXISTING CONDITIONS IN ALBERNI INLET

During early September, 1954, an oceanographic survey was con-
ducted in Alberni Inlet. Its purpose was to determine the dissolved oxygen
and Mmill effluent concentrations in the inlet under conditions of late
summer.

Results show that existing dissolved oxygen concentration meet
the maximum requirements established in biological assay studies. Oxygen
concentrations were low in the deep water due to intrusion of low=-oxygen
water from the sea., In the surface water, low-oxygen values were found only
in the immediate vicinity of the sewer outfall as a result of effluent
oxidation., Concentration of effluent was quite high (about 5%) in the sur-
face water at the Somass River mouth during the flood tide. This condition
is probably very transient and occurs only during calm weather so that it is
not considered serious from a fishery viewpoint.

MISCELLANEOUS PROBLEMS

As part of a program of consultation on ad hoc problems two items
have been dealt with on the basis of available information: (1) Some data
were provided on the character of the bottom of the Strait of Georgia at the
request of the company which is to supply the underwater cable for power
transnission from the mainland of British Columbia to Vancouver Island,

(2) Another request came from a firm concerned with corrosion of equipment
gbed in pumping cooling water from the Gorge, near Victoria, B.C.

N
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WESTERN ARCTIC = PF. Neave

The joint Canadiaannited States Beaufort Sea Expedition of 1954
included a biological observer who travelled on the U.S.C:G.C, Northwind,
one of two ice-breakers which left Esquimalt on July 17 and returned on
September 28. : , .

His objectives were: (a) to make observations and collections
relating to the fields of marine mammalogy and fisheries, and (b) to formulate
impressions and suggestions regarding the desirability or direction of future
biological work in the Western Arstic, having in mind particularly the pos-
sibility of increasing the availability of food supplies to the native human
populations.

The route travelled included the crossing of the Beaufort Sea, the
circumnavigation of Banks Island and the brief exploration of the southern
size of Viscount Melville Sound.

Opportunities for collections were limited by the necessity of
conforming to the ma jor objectives of the expedition which were primarily non-
biological, and by the difficulty of operating gear successfully in areas
subject to the vicissitudes of moving ice.

Records were kept of mammals and birds sighted during the course of
the expedition. Plankton hauls were made in conjunction with the various
stations established for obtaining oceanographic data. The bottom fauna
(previously almost unknown) was sampled by grab dredge end (on two occasions)
by the use of a emall beam trawl., Fishing was attempted by traps, gill nets
and explosives as opportunity permitted. The fathometer tracings of the
ship were exsmined for indications of schools of fish or concentrations of
other organisms,

While the collected material has not yet been examined, certain
findings may be summarized as follows:

1. A sparse population of ringed seals was observed throughout the areas
visited. The bearded seal was only seen in Prince of Wales Strait.

2, No walrus were sighted during the Canadian portion of the cruise.

3, Bowhead whales and white whales were each sighted on only one occasion in
the Banks Island area.

4, DYespite considerable quantities of amphipods and other bottom and plankton
orgenisms in some areas, no evidence was disclosed of significant stocks of
marine fish around the coasts of Banks Island.

5. Whitefish and char were found in the fresh water of the Thomson River at
the north end of Banks Island.

Most of the areas examined in 1954 are relatively remote from the
main existing native settlements. Because of this and in view of the lack of
evidence of any considerable unexploited stocks, it is thought that work
in the near future could more profitably be devoted to waters near the main-
land coast. Although the 1954 expedition provided no opportunity for the
collection of first-hand data in these latter areas, existing reports
indicate the presence at times of fish and mammals in greater numbers than
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were observed in localities further north and north-east. It is by no
means certain that these more readily accessible stocks are being fully
utilized. It is suggested that assessment of biological resources and
exeamination of opportunities for additional exploitation should begin at
a point where the need is immediate and some local knowledge is available.
. Extension of operations to other areas might follow as & logical develop-
ment from the information gained. -

It is thought that such work could best be started by a small
team working from or near shore and operating over a longer season than is
possible for a ship which must travel from and to a southern port in the
course of a single season. A small vessel of landing craft type, which
would combine working facilities with living quarters and which could be

left in the area between seasons is considered to be especially suited to
the operations of such a team.

4L
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MISCELLANEOUS ST UDIES

RECORDS OF FUR SEAL IN INSIDE COASTAL WATERS OF BRITISH COLUMBIA - J.I. Ma%zer

As far as it can be determined, no published records of northern
fur'seal (Callorhinus ursinus) in inside coastal waters of British Columbia
oxist in the literature dealing with migration and distribution of this
species. However, records based on sight or actual examination of dead or
dying individuals provide positive evidence that occasionally they do occur
in limited numbers in these waters. During the past two years 20 authentic
observations reporting on more than 30 individuals have been collected, the
earliest being made in 1930. These records are now being prepared for publica-

tion.

POLYCHAETE STUDIES E. and C. Berkeley

., . Work on Micronereis nanaimoensis has made little progress since the last
eport. No jelly-masses could be found at the low tides in early April this "’
year. Stormy weather conditions made search difficult and the eel-grass on
which they are usually found in greatest quantity had made very little growth.
At the low tides in early May the eel-grass had made econsiderable growth and
Jelly-masses were more plentiful on it than we have ever known them to be,

The development of the contained eggs was quite advanced in many cases. A
heavy swarming must have taken place during April in spite of the fact that

the weather was almost continuocusly stormy and the temperature of the water low,

A good many swarmers were still to be found in May, but almost
exclusively males. Only two ripe swarming females were secured. These were
mated and in due course produced fertile eggs, but the onset of egg laying was
missed in both cases so that we still are without direct observational informa-
tion as to the method of extrusion of the eggs. Confirmation of the opinion
expressed in our 1952 paper that the eggs are passed out through openings at
the base of the lobes of the parapodia has, however, been obtained indirectly
by examining the feet of the swarming females secured in May fixed in Bouin
immediately after laying. We found well defined openings at the base of both
lobes (not the notopodia only, as originally thought) which are not present
before the eggs are laid and we have confirmed this by re-examination of old
similar material.

Renewed attempts were made to rear larvae beyond the 3-segmented stage.
A series of experiments utilizing bolting-silk cages, both in aquaria and in
the open sea, were unsuccessful. We have set up an aguarium, containing a bed
of sterilized sand with circulating water, into which a large number of larvae
in the 3-segmented stage have been placed. This will be maintained throughout
the winter in the hope that sexually mature specimens will emerge from the
sand in the spring.

The study of Dodecaceria fewkesi has also progressed very little
during the year. Fertile eggs were obtained from colonies collected at the
May low tides in the manner described in our paper of this year and larvae
were reared to a slightly later stage of development than that of the latest
one described in that paper. At the stage reached the larvae are attached
by a terminal sucker to the containing vessel, segmentation is fairly clear,
and rudimentary branchia or tentacular cirri;, appear to be developing. The
conditions of rearing beyond this stage have yet to be determined. Un-
fortunately, our supply of material derived from the May hatch was exhausted
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before this could be done and all attempts later in the year (which were
made at every low tide period until August, after which colonies were no
longer accessible) to obtain fertile eggs in the manner used previously
failed. This was doubtless due in some measure to difficulties in obtain-
ing a pure water supply with adequate temperature control in the aquaria
in which the attempts were made, difficulties which it is hoped will be
overccme next year, ‘

A correction in our 1954 paper on Dodecaceria fewkesi has to be
made. In that paper we say that the species occurs only in the intertidal
area, This is apparently not the case. In May of this year, Mr. E. Bar- .
raclough secured a large mass of tubes in.a trawl off Goose Is., Queen
Charlotte Sound, in 22 fathoms, and we overlooked two earlier records in
9 and 11 fathoms respectively off Santa Cruz Is., California.

A good deal of wark has been done during the yesar on the class-
ification of material collected by Mr. K.L. Klawe in Nova Scotia. The
species new to Canada from that region were reported, together with records
of others fram the west coast, in a paper recently published in the Journal
of the Fisheries Research Board.

Smaller collections, made both by ourselves and various members
of the Station staff, have been examined from time to time and classifica-
tion, and cataloguing of the collection in the Station museum have now
been completed.

rS
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PACIFIC OC GROUP* - J.P. Tully

INTRODUCTION

1. Oceanographic information was sparse or non-existent in the Pacific
and Arctic approaches to Canada. Therefore, the first requirement of this Group
has been, and still is, to provide a basic description of the general oceano-
graphic features of these regions. The continued program of exploration during
the past six years has provided data for most of the areas and there is consider-
able progress towards making this information available. Oceanographic exploration
will continue to be the principal directive until there is sufficient information
in all areas to ensure an over-all appreciation of the properties and structure of
the water and the currents and mechanism of their movement.

2., It ie also a function of this Group to foster and provide opportunity
for the development of other sciences in the sea, and to train scientists of any
discipline in the philosophy and techniques of research in the sea. As these
auxiliary undertakings grow and become important in their own right, they are
detached to form independent groups. The Institute of Oceanography at the Uni-
versity of British Columbia is an outgrowth of this Group to teach the philosophy
of oesanography. The Pacific Naval Laboratory is a continuation and expansion of
the studies of underwater sound established here during the War. This year the
poliution studies have been detached to an independent group in the Pacific Bio-
logical Station under Mr. M. Waldichuk.

3. Along with these general programs, the Group also undertakes
gpewific researches of particular interest to the members of the Joint Committee,
or the commmity. In the past these have included examinations of fishing areas,
sewerage surveys, studies of pollution and underwater sound. This year they in=-
cluded establishing a method of measuring the dissolved oxygen supply to salmon
redds, and the intrusion of sea water into the Fraser River. These projects are
generally regarded as incidental studies and are undertaken on an ad hoc basis.

4, Co-~-operative undertakings and information exchange are major
features of the program, contrihuting materially to accomplishment of the direc-
tives. The auxiliary information concerning meteorology, runoff, tides, hydro-
graphic data, etc., are obtained from the departments concerned, and oceanographic
information is supplied to them, or any other group requiring it. In addition,
joint programs are carried out with private interests; and domestic and foreign
government services. Resources; personnel and experience are pooled for common
objectives in these undertakings.

5. The complement of the Group is thirteen full-time and three sea-
sonal workers. However, only eleven full-time workers have been incumbent during
most of the year, and the complement has been made up with seasonal or term
workers of various grades and periods. Mr. R. W. Trites has been on transfer
from the Atlantic Oceanographic Group for administration and pay while studying
at the Institute of Oceanography. For details see the staff lists earlier in
the report of the Pacific Biological Station.

* 5Slightly abbreviated and re-arranged by the Director.
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GENERAL PROGRAM - 1954

6. The program is stipulated by the directives and the resources.

At present the primary task is to collect data in an orderly manner and make it
available as data records and progress reports. This keeps the ships operating
continuously and requires most of the energy of the personnel. Appreciation and
discussion of the data are secondary and must await relief from operational com-
mitments; or sufficient increase of staff to allow both phases to proceed to-
gether.

7. The resources of this Group have never been adequate to undertake
to study the areas as a whole, therefore they have been divided into natural
regions such as the inlets and bays, larger straits, the coastal seas, and the
ocean offshore. Each region is studied separately in some detail; generally
oceanographic surveys are made at frequent intervals through one or more years to
define the stages in the annual cycle of oceanographic conditions, and relate the
sequence to daily observations of temperature and salinity at a point in the
region. These data, together with a general appréciation of the oceanography of
each region are being made available.

8. Thus there are five phases in this primary program: exploration
by means of surveys, through limited periods, to determine the principal oceano-
graphic features in each region; daily seawater observations to monitor the se=-
quence of events and provide long-term continuity; study of the data to evaluate
the oceanographic features; reporting of these general conclusions; and reporting
of the data per se so that it is readily available for specific studies by our-
selves and other groups. o "

9. The organization of the Pacific Oceanographic Group is based on
the five phases of the General Program. The scientists plan the scope and
detail of each project. The technicians, under supervision of the scientists,
make the observations, analyse the water samples, process the data; and prepare
data records. Then the scientists interpret the data and prepare reports.

10. Data have been collected in Georgia Strait, Juan de Fuca Strait,
Alberni and Bute Inlets, Barkley and Chatham Sounds; the Offshore Pacific
Ocean, and the Bering, Chukchi and Beaufort Seas. Some preliminary surveys
have been made in most of the remaining regions. This year surveys were made
in Queen Cparlotte Strait, Hecate Strait, Dixon Entrance, the Beaufort Sea,
McClure and Prince of Wales Straits, and Viscount Melville Sound. Daily sea-
water observations have been, and are being made in all Pacific Coast regions.
A1l the data are catalogued, some have been published, some have been studied,
and some studies have been reported.

11. In order to conclude this phase of research we must complete
the surveys in the Queen Charlotte-Hecate-Dixon Entrance region, undertake
studies of the ocean coastal region, maintain the daily seawater observations,
complete the analyses and study of the data, and report the data and our ap-
preciation of it.

PARTICULAR PROGRAM

12, Until April most of the energy was devoted to the analyses of
data, and preparation of data records and reports. Since April attention has
been devoted to operations, principally in the Hecate area.

13, Mr. F. G. Barber, assisted by Mr. S. Tabata and the technical
staff, has initiated the oceanographic surveys in Queen Charlotte Sound, Hecate
Strait and Dixon Entrance. Three cruises of one month's duration were under-
taken in May, June, and September. In each cruise, two weeks were spent making

‘e
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synoptic surveys of the temperature, salinity and dissolved oxygen, to define
the water masses, structure and properties of the water. The remaining two
weeks were spent making current measurements to define the tidal and non-tidal
currents in the area. This program will continue at suitable intervals until
the Autumn of 1955, or until the seasonal cycles of oceanographic conditions
have been defined. These data are currently being processed and published as
data records.

14. Resolution of the observed currents has proven to be a greater
task than originally -anticipated, and considerable theoretical study has been
undertaken by Dr. N. P. Fofonoff to provide a means of solving the current
system in a reasonable time and with reasonable investment.

15, Mr. Waldichuk has returned from the University of Washington
where he continued his analyses of the very extensive Strait of Georgia data
which was collected in 1949, 1950 and 1951. These studies are being prepared
in thesis form as partial fulfilment of the requirements for his Ph.D. Degree.

16. Mr. R. H. Herlinveaux has completed the study of tidal currents
in Juan de Fuca Strait and published two papers on the subject. He has com-
pleted the analyses of water masses and structure which is being studied by
Dr. J. P. Tully preparatory to description.

ASSOCIATED PROGRAMS

17. Dr. W. M. Cameron of Defence Research Board, with assistance
from this Group, led a joint United States - Canadian scientific expedition
into the Western Canadian Arctic region in two icebreakers, the U.S.S. Burton
Island and the U.S.C.G.C. Northwind. The Pacific Oceanographic Group provided
oceanographic instruments and supplies to both ships, and Messrs. R. H.
Herlinveaux and J. A. Stickland served as oceanographic technicians. These
data are currently being processed and will be published as data records.
Description of the region will be undertaken by Dr. Cameron.

18. Mr. R. A. Pollard, working in the Model Laboratory with Mr.

W. P. Wickett of the Pacific Biological Station, has devised a field method
for measuring the oxygen supply and flow through the gravel in stream beds.
This amounts to a method of assessing the suitability of stream beds as salmon
redds. A complete report is being published.

19. In conjunction with the Department of Transport the daily sea-
water observations at the coastal lightstations have continued under the
management of Mr. H. J. Hollister. Regular observations have been injtiated
at Pulteney Point in Queen Charlotte Strait. Observations at Ivory Island
are to be replaced by observations at McInnes Island. Both stations are
operating during 1954 to provide a correlating link in the data.

20. Semi-daily bathythermograph observations and daily seawater
samples have been initiated at Swiftsure Lightship in the approaches to Juan
de Fuca Strait by co-operation with the United States Coast Guard.

21. In September, Mr. Hollister made the trip out to Station "Papa"
in the Weathership C.G.S. Stonetown and returned in the C.G.S. St. Catharines,
in order to monitor the observation procedure and familiarize himself with
the operating conditions.

22, In June the pollution studies; with Mr. Waldichuk in charge,
were transferred to the Pacific Bioclogical Station. A study of the probable
poliution from a proposed pulp mill extension at Port Alberni was commenced
before the transfer, and completed afterwards, with assistance of the Pacific
Oceanographic Group staff and C.N.A.V. Ehkoli.
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23. Dr. M. Kirsch, working at the Institute of Oceanography, is
making studies of the rates of standard reactions in sea water as compared
to sodium chloride solutions. This is part of his general study of the physi-
cal chemistry of sea water. He is also conducting studies of the form of
occurrence, and methods of precise determination of the trace elements in sea
water. This is prerequisite to appreciating their role in the nutrition of
sea life.

24, Mr. Trites (temporarily attached from the Atlantic Oceanographic
Group) is studying turbulent exchange coefficients and mixing in British
Columbia Inlets under the direction of Dr. G. L. Pickard at the Institute of
Oceanography. It is hoped that these phenomena may be expressed and solved in
a diffusion equation, which is prerequisite to a mathematical description of
these processes in the sea.

25. The Port Meteorological Officer (Vancouver, B. C.) is collect-
ing seawater temperature observations from coastal steamships. A form was
prepared, and the data are being catalogued by the Pacific Oceanographic
Group, and are being incorporated into the present programs.

26, Mr. G. W. LaCroix in C.G.S. Wm. J. Stewart (of the Canadian
Hydrographic Service) made oceanographic observations and tidal and current
measurements in Hecate Strait as time and opportunity permitted. The data
collected fit well into the Hecate Strait Project and this co-operation is a
useful and valued service.

27. The Hydrographic Service undertook, for the B. C. Electric
Company, a detailed hydrographic and bottom current survey in the area of the
proposed power=cable crossings from the mainland to Vancouver Island. The
Pacific Oceanographic Group provided current-measuring equipment, and the
services of Dr. Pickard to demonstrate its use and analyse the data. In
addition, Dr. Pickard made an analysis of storm frequency, and Dr. Tully
made an analysis of the bottom temperatures. An estimate of the depth of
mud in one area, and some other minor requirements are also being provided.

28. The Department of Public Works has made an artificial harbour
at Steveston; B. C., in the Fraser River by putting a rock fill from the
shore to an island in mid-channel, and then parallel to the shore along a
line of mid-channel banks. The quadrangle thus enclosed on three sides is
virtually stagnant. The Department requested the Pacific Oceanographic Group
to determine if there was sufficient sea water intrusion to enable teredo in-
festation to occur in the pilings. Mr. Tabata has directed a weekly obser-
vation program and analysed the data. Sea water intrudes the area in suf-
ficient quantities to form a suitable habitat for teredos, although it appears
that this intrusion may vary with river flow. Some further investigation is
planned to evaluate this variation and determine if teredos are present.

GENERAL LIAISON

29. liaison has been maintained with all institutions; services,
and groups having an interest in oceanography in the Pacific and Western
Arctic ° )
30. Co-operation with the Pacific Biological Station has continued,
particularly in efforts to relate oceanographic conditions to fisheries. The
records of daily seawater observations continue to be a primary reference for
fisheries research. Close co-operation exists between the groundfish in-
vestigators and the oceanographers on the Hecate Project.

r®
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31, Oeeanographic equipment, chemicals, and laboratory services
have been provided to various fisheries investigations at Port John, Lakelse
Lake, Barkley Sound and other locations. Engineering assistance was provided
to Dr. J. R. Brett's experiments in deflecting downstream salmon migrants.
Designs were prepared for the additions to the Station's Workshop and the
Model Laboratory, as well as consulbation and advice on similar engineering
projects,

32, The asscciation with the Pacific Naval Laboratory has continued
on the usual friendly level throughout the year. Equipment; personnel, and
services have been freely exchanged. In general the Pacific Oceanographic
Group takes all responsibility for observing and processing oceanographic data,
while the Pazific Naval Laboratory manages -the ships, and provides a head-
quarters at H. M. C. Dockyard. From %ime to time, persomnel of the Pacific
Oceanographic Group have accompanied expeditions of the Pacific Naval Labora-
tory to record oceanographic conditions. _

33, Through the Pacific Oceanographic Group as intermediary, the
Pacifiec Naval Laboratory has provided underwater sound equipment, and use of
naval trawl equipment to the Pacific Biological Station. The Pacific Naval
Laboratory has also undertaken reconstruction of the recording current meter
in their new shops. This liaison is valuable for the work accomplished, but
is even more valuable for the indoctrination of persomnel and exchange of ideas
in the problems of the two Groups.

34, There is a free exchange of data, resources and personnel be-
tween the Pacific Oceanographic Group and the Institute of Oceanography at the
University of British Cclumbia. In general, the Institute is more concerned
with academic studies and training, but in the present stage of development
some attention is given to geographic problems. Summer appointments were pro-
vided to support Dis. Kirsch and Pickard in projects of interest to the Joint
Committee. The Institute loaned equipment and instruments for the Arctic ex-
peditions, and has continually been most co-operative in providing consultation
and advice to members of this Group. This is a most valued service.

35, Closz liaison is maintained with the Hydrographic Service at all
levels, in eco-operative projects, and exchange of equipment.

36. The Department of Transport makes the daily seawater observations
at the coastal stations for which the personnel are paid an honorarium. They
also make the daily bathythermograph observations from the Ocean Weathership
on Station "Papa® gratis. This program is sustained by good-will between the
local officers of the Department of Transport, the ships® companies; and the
Pacific Oceanographic Group staff.

37, International liaison is maintained with the Department of
Oceanography at the University of Washington whose work is concerned primarily
with teaching, chemistry of sea water and instrumentation. Liaison is also
maintained with the United States Navy Electronice Laboratory at San Diego in
respect to the joint project in the Western Arctic.

TECHNICAL SERVICES

38. Technical services include the collection of data, analyses of
seawater samples, processing and cataloguing data, preparation of data records,
preparation of reports, sdministration and clerical services, and conduct of
daily seawater observations. Such service is prerequisite to the many activi-
ties of this Group.
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39. Mr. Hollister is general manager of the technical services,
and personally looks after financial administration (bookkeeping, ordering,
and stock) as well as the reprint library, data and data records. In ad-
dition, he is in charge of the Daily Seawater Observations at shore stations
and on Weatherships. :

40. Mr. L. H. McCracken is in charge of the seawater analyses
laboratory, and the provision of supplies to expeditions. He also assists
with processing data.

41. Miss B. M. Berisford is general secretary in charge of ad-
ministration files and correspondence. She is assisted by Mrs. M. A. Smith
in preparation of manuscripts, manuscript reports, and data records. '

42. The seagoing technicians include Messrs. Herlinveaux and
Stickland who were allocated to the Arctic Project; Mr. A. W. uroll, and
the Summer employees. These people assist at sea;, in the seawater analyses
laboratory, and the processing of data as required.

FACILITIES

43. The two ships, HM.C.S. Cedarwood and C.N.A.V. Ehkoli were
operated by the Navy. These ships were jointly used by the Pacific Oceano-
graphic Group, the Pacific Naval Laboratory, and the Institute of Oceanography.
The ships were used by the Pacific Oceanographic Group as follows:

Hecate Strait May 3rd - 28th Cedarwood
Hecate Strait June 29th - July 22nd Ehkoli
Alberni Inlet September 7th - 1lth Ehkoli
Hecate Strait August 16th - September 9th Cedarwood

4ho On the Weatern Arctic Project the two icebreakers; U.S5.S.
Burton Island (Navy) and U.S.C.G.C. Northwind (Coast Guard) were used from
July 20th to September 28th.

45. The accommodation at the Pacific Biological Station continues
to be excellent in the space provided on the main floor of the Annex Building.
Proposals have been made to the Director for increased space to accommodate
chemical programs from the Pacific Oceanographic Group and the Pollution
Group of the Pacific Biological Station. An addition has been made to the
Ocean Model Laboratory to meet the added requirements. Liaison remains on the
traditionally high and friendly level, and the administrative and consultative
services are deeply appreciated.

APPLICATIONS OF SOME RESEARCHES

L4L6. The recent research on tidal currents should be of particular
interest to the Hydrographic Service, although it was undertaken because it
was a necessary prerequisite to appreciation of the general current systems
in coastal waters.

47. The currents in British Columbia waters ebb and flow as tidal
functions. Due to land drainage the surface ebb is generally greater than
the flood, and the converse is true in the bottom water. Consequently the
circulation is strongly influenced by land drainage but the currents are
essentially tidal. Earlier studies directed toward pollution control required
knowledge of the circulation systems, wherefore the behaviour of fresh water

N
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entering the sea required and received first attention. More recently, the
tidal currents have become important considerations and some advance has been
made in their study.

L8. Tidal currents in passes and narrows are generally hydraulic,
and the velocity varies as the square root of the difference of sea level
from one end of the channel to the other. In seaways where the tide occurs
as a wave, the velocity varies linearly as the difference of sea level between
+he ocean and the inner end of the seaway. Thus tidal currents are always
related to differences of sea level from place to place, but the form of the
relation depends on the mechanism causing the difference.

L9. The tidal rise along the ocean coast sweeps around both ends
of Vancouver Island approaching the Strait of Georgia from the south and
north. A tidal wave progresses through Juan de Fuca Strait, where Herlin-
veaux has shown that the tidal currents are linear functions of the difference
of tidal height between the ocean and Georgia Strait. The current is hydraulic
through the San Juan Archipelago at the southern end of the Strait of Georgia
and it may be anticipated that the current velocities in each passage will
vary as the square root of the difference of sea level from one end to the
other. The northern tides are progressive waves from the ocean to Seymour.
and Yuculta Rapids where they change to hydraulic tides. Thus the Strait of
Georgia is completely separated from the ocean tidal wave, and its tide is
due solely to the influx and efflux of water through the hydraulic approaches,
and is only indirectly a planetary function.

50, The classical method of predicting tidal currents is to make
harmonic analyses of a long series of observations in terms of planetary
functions, and extrapolate the components into the future. Recent researches
have related the currents to the differences of sea level which are already
predicted in the Tide Tables with considerably more accuracy than is possible
in direct-current measurements. This approach is theoretically sound where
suitable tidal reference stations are available. It permits more efficient
use of the data and current predictions may be based on short series of ob-
servations. This has been demonstrated in the case of hydraulic currents by
the study of the remarkable data observed by the Hydrographic Service in
Seymour Narrows, and Herlinveaux' observations of progressive wave currents
in Juan de Fuca Strait. The method failed in Hecate Strait because of the
lack of tidal reference stations in the area.

51. The exploration of this method of current prediction, its
accuracy and applicability, and the evaluation of tidal currents in unexplored
seaways may be classified as research, and is properly a function of this
Group. However, the application of the method to making tidal current tables
is a function of the Hydrographic Service.

52, In the strategic area of Juan de Fuca Strait a general pre-
diction of oceanographic conditions has been attained, and a means of quickly
assessing the exact conditions has been provided. This is’of particular
interest to the Navy because the physical properties and structure of sea
water limit the performance of Asdic Gear, and the knowledge is prerequisite
to the design and strategy of seaward defences.

53, Determination of temperature structure by means of bathy-
thermograph observations is simple and rapid. A corresponding instrument
for salinity determinations has not been devised. However, Herlinveaux
found that the salinity in Juan de Fuca Strait bears a constant relation to
the temperature over the whole area at any one time. In consequence, the
salinity structure may be evaluated from the bathythermograph observations
alone. Once a day the relation is established by a surface and bottom
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temperature and salinity observation. Thereafter bathythermograph obser-
vations provide all the necessary data because the salinity may be evaluated
by direct correlation with the temperature. Sound velocities may be inter-
preted from these data by simple graphical means. This procedure allows
rapid survey of the sound-ranging conditions which can be accomplished under
operational conditions.

54, Herlinveaux also observed that there is a seasonal cycle in
the temperature-salinity ratio, however the recurrence of the ratio appears
to be no more precise than the cycles of local air temperature and rainfall
to which it can be related. This cycle allows the prediction of approximate
physical structure of the sea water; and the general sound-ranging conditions
suitable for strategic planning. However this prediction does not provide
the specific information provided by bathythermograph observations which are
required for day-to-day naval operations.

55, The total area of salmon spawning redds in British Columbia
is estimated to be less than 1,000 acres. The whole of this major fisheries
resource depends primarily on the suitability of conditions in these fabu-
lously valuable acres, which are so few as to constitute a virtual limitation
of the fishery. It is evident that every effort to maintain, improve, or
increase the redds is well justified economically.

56. Spawning salmon migrate into a stream having a gravel bed,
there they dig holes and deposit their eggs. The eggs remain in the gravel
for three to six months until the young fish wriggle out into the stream and
commence their life. While the eggs are in the gravel they require oxygen ]
which can only be supplied by a continuous flow of aerated water. In nature :
the salmon will spawn in any bed where the gravel and stream flow are suitable.
However these redds may later go dry, they may become covered with fine silt
which stops the flow of water through the gravel, or the water in the gravel
may be devoid of oxygen. In each case the eggs die for lack of oxygen, and
the potential salmon are stillborn.

57. Wickett (Pacific Biological Station) has established the
oxygen requirement of the eggs, and Pollard, working with Wickett in the
Model Laboratory, has devised field methods for classifying the stream gravel
and measuring the flow and oxygen content of the water in the gravel. As a
result the redds can be assessed.

58, A pointed iron pipe, having a ring of small holes near the
point, is driven into the gravel to the depth which the eggs are usually
laid. Some dye is added to the water in the pipe and the rate at which it
fades is a measure of the force driving the water through the gravel. Then
water is pumped out of the pipe and the rate of inflow is a measure of the
permeability of the gravel. These define the flow of water through the
gravel. Finally a sample of water is withdrawn and tested for dissolved
oxygen. From these data the rate of supply of dissolved oxygen is deter-
mined.

59, Because of this research, the conditions in the redds can be
readily assessed. If they are deteriorating corrective measures can be
applied, and many of the eggs can be saved. Furthermore, the qualities of
successful redds can be determined, new spawning grounds can be built to !
specification, and the productivity of the streams increased. This research
is prerequisite to maintenance, improvement, and construction of salmon
redds, hence it is a fundamental research of far-reaching consequence.

60, The Offshore Program of a few years ago yielded the first
complete picture of the oceanic circulation off the Canadian Coast. The
North Pacific Drift, moving eastward between Latitudes 47° and 50°, divides
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into two parts about 800 miles West of the Canadian Coast between Longitudes
140° and 150° West. Part turns north past the Queen Charlotte Islands to
circle around the Gulf of Alaska - forming the Alaska Gyral; part turns south
to form the California Current flowing towards the Tropics. The approaches
to Canada lie in the triangle hetween the coast and the divergent branches
of these currents. It is one uf the largest regions of divergence in the
World. There are no definite currents, rather there are huge eddies - some
of them 200 miles in diameter - which rotate slowly and wander aimlessly in
the region. Even the weather is indeterminate, the winds vary all around
the compass but blow principally from the southwest and northwest with eight
to twelve major wind changes a month. The division of the North Pacific
Current advances and retreats, and the relative strength of the northern

and southern branches varies from time to time. Only the general picture is
consistent, the detail is continually changing.

61. There are two layers of water; the upper zone, about 100 to
150 meters deep, varies with the seasons. It is warmed in the Spring and
Summer, and cooled in Autumn and Winter. Its salinity varies with the annual
and seasonal precipitation in the north-east Pacific area. The deep zone
below 200 meters is nearly constant the year round. The salinity increases
with depth and the temperature decreases, and there are small changes from
time to time. However these changes appear to be secular rather than sea-
sonal. ~
62. The bathythermograph observations daily at Ocean Weather
Station "Papa!" (Latitude 50° N, Longitude 145° W) and monthly along the 750
mile route from Vancouver Island are fitting sequence to the surveys. These
data show the annual cycle of heating and cooling, the changing depth of the
upper zone and the difference of these conditions from year to year. Even
though all the sequences are not understood, it is already evident that the
oceanographic conditions in the area are primarily seasonal, but are also
affected by variations in the great currents which allow intrusion of warm
water one year and cold water the next.

63. It is apparent even now that the northward migrations of pelagic
fish such as tuna and pilchard must be affected by the oceanographic conditions
in this area of divergence. It may be supposed that the salmon are also af-
fected.

6L. At present there are no fisheries or fisheries investigations
in the offshore area. The studies were undertaken so that we would know the
general conditions to seaward of the coastal regions where attention is now
focused. The daily seawater observations are being maintained to monitor
the oceanographic conditions and determine the nature and magnitude of vari-
ation, in the confidence that this area will be exploited in the not too
distant future, and the information will be required.

PUBLICATIONS

Papers and Manuscript Reports from the Group are included in the
general list of publications earlier in this report.









