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BY R. E. FOERSTER, DIRECTOR

In spite of war-time conditions and the necessity of modifying Bsoth
policy and operating routine, the work of the Station during 1941 has pro-
gressed most satisfactorily. wWhile it cannot be said that the year's re=-
sults have directly contributed to the war needs, a fact which has been of
serious concern to members of the staff, nevertheless it is abundantly evi-
dent that from the long range point of view and considering fisheries con-
servation generally, the accomplishments have been of definite significance.
They add, year by year, more contributions to our knowledge of the trends of
the various fisheries or the characteristics of the 1ife history of the com-
mercial fishes, all of which are of value in preparing up-to-date effeative
measures for regulation and conservation.

Constantly changing conditions in the various fisheries, brought about
by the increased value of the fish, the inereased efficiency of fishing methods
and/or the expansion of the fishing operations into new arcas necessitatec a
close check being kept by the investigators on the trends of the individual
fisheries and an attempt to cvaluatc the effects of such changes. For example,
in the herring fishery a quota system of regulation has been under experiment
for the past five years. During this time the fishery has been limited each
yYear to specified tonnage and the effect of such regulation upon the catches
and more particularly upon the spawning and general abundance of the fish has
been closely followed. 4 second five-ycar experiment has been commeneced in
which the quotas have becn altcred, on the basis of the previously-acquired
knowledge, and the reaction of tho fishery will be carefully watched.

In the salmon fishery therc has devcloped a tendency for the fish to
bc caught further and further from thc river gstuaries until in many cascs it
is now extremely difficult to tcll what fish from which river are being ex-
ploiteds. Obviously for conservation this becomes a serious matter and requires
further knowledge of the migratory routes of the salmon. More attention is
being given to this problem.

The reduction in available fish products for Canadian consumption, by
reason of the heavy shipments to Great Britain, has placed a strain on shell-
fish resources to fill, in some measure, this shortege. The demand for elams
and oysters has risen phenomenally and with consequent very attractive prices
offered, the exploitation of the beds has increased. For oysters, largely
grown and oropped from cormercially leased beds, the problem is of less con-
sequence than for clams which are harvested almost wholly from public beachcs.
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Here the danger of over-exploitation and severe reduction of future potential
supplies is very real. The extent of present digging, an assessment of the
available supplies and the potential rate of recruitment are factors being
investigated and on the basis of the data obtained and the situation revealed,
directly beneficial conservation measures will be prepared.

The foregoing are but instances of the relationship of the work of the
Station to the efficient management of the Dominion's Pacific fisheries, a
natural resource which is of direct value in the present war effort but which
will be of even more consequence in the post-war period. Other investigations
are of equal importance and are being developed and planned to so fit together
that with utmost efficicncy the esscntial data may be speedily obtained for
practical application in the ficld of conscrvation.

STALFF

During the ycar & number of thc menbers volunteered for Active Bervice,
obtaincd leave of absence and arc now on duty. They are Mr. J.L. McHugh (Army),
Mr. W.l. Cameron (Meteorological Serviee), Mr. D.B. Quayle (R.C.A.F.), Mr. Robin
Fjarlie (R.C.A.F.) and !r. L. Quickenden (Navy). With respeet to the first
three named, cach of whom was responsible for certain research projects, special
efforts were made to clean up work in hand and to leave records in such shape
that the progress of the research was clearly indicated and the investigation
could, if necessary, be carried readily ahead. These considerate actions have
teen very helpful. The departure of all of the men has had a definite sffect
upon the conduct of the work and has thrown added burdens of organization or
routine on the senior members of the staff, particularly sinece suitable tempor-
ary assistance is extremely difficult to obtain.

Duc to the enlistment of Iir. Quayle, who wes in charge of the shell-fish
research and which work it was deemed desirable to continue, a reorganization
of the staff was made by transferring Mr. Neave from the Cowichan lake inves-
tigation to shell-fish, The Cowichan lake work was divided up, Mr. Neave to
continue his interest in and supervision of the trout work, while to Dr. Prite-
chard was given respons ibility for the salmon projects. With Mr. Epps resident
at the Cowichan lake hatchery as field officor and directly superintending the
routine operations, this new set-up is mecting the situation most admirably.

In July, Mr. Anderson returned to his duties as Junior Technician in
Hydrography, after having been absent on compensation since October, 1940,
when he was severely injured in an explosion in the Chemical Laboratory.

BOATS

The M.V. "AP, Knight", transferred in the spring to Alberni Inlet for
the hydrographical survey of that body of water, failed to meet the conditions
demanded of it by the routine of the investigation. Built in 1926 it was equip~
red with a scmi-diesel engine which for a number of years has given very indife
ferent service. Probably, too, frequent laying-up of the boat and tho lack of
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an experienced engineer have contributed to its condition. The boat was re-
turned to Departure Bay in September and steps taken, through the Department
of Fisheries, to purchase and instal a new power plant.

PUBLICATIONS

During 1941, the regular contributions to Progress Reports have been
continued and the four issues during the year contained thirteen papers on
various aspects of the Station's work. A list of these and of other scien-
tific papers either published during the year or submitted for publication is
appended hereto. In addition a numbcr of manuscript reports on minor pieces
of research or dealing with phases of ma&jor investigations have been prepared
and placed in the library.
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advice and co~operation given on many occasions by the Assistant Cormissioner,
Mr. George J. Alexander, grateful acknowledgement is made. Relations with the
officers of the Federal Department of Fisheries have been most harmonious and
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SALMON INVESTIGATIONS
Pink salmon

During the spring of 1941 the sixth test of the efficiency of
natural propagation of pink salmon at icClinton creek, Masset Inlet, was
completed under Dr. Pritchard's direction. From the presumed deposition of
26,500,000 eggs in the autumn of 194C a total of 5,061,000 fry migrated sea-
ward, or 19.0 per cent of eggs deposited. This high percentage survival is
in line with results obtained from previous small spawnings and tends to con=-
firm by comparison with lower yields from larger age depositions, earlier evi-
dence of a limited capacity for spawning beds, with respect to production of
fry.

During the winter of 1940-41 lir. Cameron remained at IlcClinton creek
and made observations on the mortality of pink salmon eggs, alevins and fry
during development. Certain spawning redds were marked at spawning time and
subsequently dug up and inspected. While, from one year's findings, conclu-~
sions are hardly warranted the 1941 data show that the losses ocecurring from
spawning to migration might be dividcd up as follows: Predation on adults
and incomplete spawning - 10%; exposed by superimposition - 5%; erosion of
spawning beds - 10%; during incubation and alevinage - 30%; due to predation
on fry - 60%. It may be merc coincidence that the rough estimates above, when



applied to the 1940-41 spawning give a fry survival of 22%, very close to
the actual detemmination - 19.0%. These experiments strongly suggest the
practical value of certain stream management procedures such as stream im-
provement, predator control, etc.

Another important feature of the liasset inlet pink salmon investi-
gation is the tracing of the migratory route of these fish on their return
from the sea. The runs have been, in past years, of considerable commercial
importance but very erratic in extent and returns in 1940 indicated that some
exploitation of this run occurred in southern Alaska waters. Further infor-
mation is desired and to this end 200,766 fry were marked in McClinton creek
in the spring of 1941 by removal of both pelvic fins. These will return as
adults in the fall of 1942.

Studies were made by Dr. Pritchard to determine whether, by comparison
of mean gill raker or pyloric caeca counts, racial differences could be re~
vealed between pink salmon populations. The results of 560 gill raker exam~
inations suggest certain significant differences between northern areas, but
not between streams within each area. Pyloric caesca’ counts (539) revcal no
differences. The study is being cxtended to southern arcas during 1941, for
comparison between major arcas.

Chum salmon

A collcction of epproximately 1200 chum salmon scale samples was
obtained from various fishing arcas. Thecse were taken to study the age clas=-
ses constituting the runs to the various coastal areas. The reading of the
scales and the working up of the data will be completed by Dr. Pritchard this
winter.

Coho salmon

Further data were obtained by lir. Neave relative to the efficiency
of natural propagation of coho salmon in two small tributary streams, Oliver
and Beadnell creeks, of the Cowichan river. In 1640 the percentage efficien~
cies were 11.8 and 40.0 respectively and it was indicated that the difference
may have been lsrgely duc to the much greater cutthroat trout population in
Oliver ereeck. In 1941, the percentages were 30.4 and 30.1 rospectively. Bead-
nell creek apparently supported the larger trout population but the presumed
coho)spawning in it was much less (74,100 ecggs) than in Oliver creck (481,560
egges) .«

Recoveries of marked fish from the Cowichan river have indicated, in
the experiment conducted on the individuals of the 1937 brood ysar., a& return
of 1.55 per cent of the fingerlings released, or 0.273 per cent of the eggs
collected. This represents the spawning escapement which remains after the
commercial and sport fisheries have taken their toll of the returning fish.
Cohos marked in 1939 (brood year, 1938) arc now being recovered on the spawn-
ing beds. Returns from the fishing arcas show that this Cowichan run was
tapped at various points on the wost coast of Vancouver island, in the strait



of Juen de Fuca and in the strait of Georgia. These experiments indicate

the migratory routes of these salmon and the interesting recoveries in 1941,
in spite of relatively little direct publicity, illustrate what valuable data
may be obtained in later years when a definite recovery campaign is launched.

Collections of stomachs of coho salmon were made from the various fish-
ing areas of the B.C. coast and the contents examined by Drs. Pritchard and
Tester. A4 great variety of food organisms was found. Although fish occurred
in great numbers, invertebrates were also important constituents of the diet.

Spring salmon

From the release of 25,000 marked spring salmon fingerlings in
1937 and again in 1938, it was anticipated that some recoveries would be
made this autumn. No marked springs were reported and the reasons for their
non-appearance are not clear. However, infomation concerning the migratory
routes of these fish and also of the extent to whiech they are taken by the
commercial fishery is of considerable importance, hence a collection of
300,000 spring salmon eggs was made on the Cowichan this fall, the resulting
fingerlings to be marked next spring.

During 1941, a third collection of spring salmon stomachs was made,
embracing as many fishing areas as possible. The 1939 returns showed that
herring and sand launce were the tio most important food constituents; in
1940, pilchards entcred the diet as well. It is expected that the findings
from the examination of the 650-700 stomachs collected in 1941 will comnplete
the study, except probably for investigations of individual areas.

COWICHAN RIVER INVESTIGATIQNS
Salmon

The studies conducted by Mr. Neave on the ecoho and spring salmon
runs to the Cowichan river, pertaining to propagation and migration, have been
already dealt with in the preceding section. Reference should be made, how-
ever, to the records of the angling activity for spring and coho salmon in
Cowichan bay, collected for Mr. Neave by observers during the late summer and
fall (Aug. 23 to Oct. 31). Similar data were obtained in 19392 and 1940 and
reveal the general size and character of the runs of these species to the
Cowichan river.

During 1941 the number of anglers was greater than in either of the
two previous years, representing 23,319 line-hours, as compared with 1%,006
in 1939 and 16,707 in 1940. The total catch in 1941 - cohos and spring com-
bined - was 5,731, slightly below the 5,782 caught in 1939 and much greater
than the 3,472 taken in 1940. Expressed as number of line-hours per fish the
three years' records are: 1939 - 3.3; 1940 - 4.8; 1941 - 4.07. In comparison
with the escapement to the river the sport fish catch does not severely reduce
the populations of either species of salmon.



Trout

One of the principal studies, with respect to the trout of the
Cowichan system, is that of the migratory habits of the various species.
Information has been collected largely from releasing and subsequently re-
covering marked individuals. The following data have been assembled over
the past three years:

(1) For cutthroat trout che 101 recoverics to date have all been within a
few miles of the point of liberation but they show local movements
betvween the lake and the river and between the river and its small tri-
butaries.

(28) For steelheads only 54 recoverics heve been made from the 80,834 marked
fingerlings liberated and all except une werc from fresh water. Re=
covery of sea-running individuals is expected this winter.

(3) Of 2,976 rainbow trout liberated in January, 1941, nine have been re-
turned, all near the point of release and of small size.

(4) For Kamloops trout, only 20 recoveries have been made from 74,161 in-
dividuals liberated. 411 were from the release of 33,097 fingerlings
of the 1839 brood. Considerabls dispersion throughout the river system
had occurred but the paucity of returns is most striking.

(5) On the consrary, among brown trout, & return of 53 was obtained from a
liberation of but 303 during April, 1939. 411 returns were within half
a mile of the point of release. The fish had experienced remarkably
rapid growth.

It is not anticipated that any further markings of trout will be at-
tempted in the Cowichan system but efforts to recover those already marked
and released will be continucd.

The investigation of the steelhead .runs in the Cowichan river was con-
tinued by lr. Neave during thc 1941 winter fishing season (January to March)
and showed a reduced catch, on the basis of catch per unit of effort, namely
one fish for 5.8 hours fishing, as compared with 4.9 hours in 1940 and 3.5 in
1939. The reduction in catch was apparently duec to a relative searcity of
fourth year fish which in othoer yoars constituted the bulk of the winter run.
The reduction in this year class is not considercd to represent any depletion
since the number of fish taken by anglers in recent years has constituted a
small part only of the run.

MARINE FISH INVESTICATIONS

Herring

The herring investigation has resolved itself largely into the
collection and analysis of the data pertaining to the annual populations,
both in the fishing areas and on the spaming grounds. The pertinent fea-
tures thereof, such as abundance, availability, year classes and size, are
-studied and their significance evaluated. Certain studies are also being
continued on migration of herring and the relationships of the various gco-
graphical stocks.



During the 1940-41 herring season the total catch amounted to over
94,000 tons, of which 76.7% was teken in the fishing grounds in the vicinity
of Vancouver island, while the balance, 23.3% came from northern areas. In
the previous year the larger catch of over 150,000 tons was teken as follows,
45% in waters adjacent to Vancouver island, 37% along the central coast lime
and 18% in northern arcas. The decrease in 1940-41 is largely due to the
general failure of herring to appear in the central and northern fishing
grounds prior to the clousurc of the season. In the southern areas, on the
contrary, the availability of thc fish was mmch higher than in the previous
year.

From 21 samples (2233 fish) taken from the strait of Georgia fishing
grounds and 37 samples (3959 fish) from west coast of Vancouver island areas
it was found by Dr. Tester that the herring were larger than in the two pre=-
vious years, suggesting that in 1940-41 no precociously mature fish were pre~
sent, as in the two former seasons. This was borne out by age analyses which
revealed that the 1938 year class (III year fish) made up the bulk of the
catch. TFor the Queen Charlotte sound area, at the north end of Vancouver
island, (15 samples containing 1402 fish) great variation in age composition
was found between districts. In general the fish from the area were small
and they were also older, on the average, than those from older-established
fishing grounds.

Studies of herring from northern areas by Dr. Boughton were somewhat
less informative as far as camparison with former years is concerned because
of the general scarcity of fish during the fishing season. Extensive scout-
ing occurred and several new arcas were exploited for the first time. Com=
parison of rean length and age with samples examined last year is possible in
only five cases and the data indicate generally a decrease from thc 1939-40
averages. It is suggested that this is due to the reappearance of younger
year classes which failed during the previous year to appear in normal numbers.

Spawning ground studies were made by Dr. Tester in all areas, with the
co-operation and assistance of Department of Fisheries officers. For the
strait of Georgia the spawning appeared to be slightly greater than that of
1940 whereas on the West Coast of Vancouver island it was slightly lighter.
In the Alert bay area it was also lowcr than in 1940 but northern areas
showed perhaps a slight incrcase. Thesc rccords ars excecdingly valuablo ine
dices and en effort is tc be mede to improve their accuracy and significance.

One of the important contributions of the year has been the completion
by Dr. Tester of a memorandum covering the five year test of a quota system
of regulation for the herring fishery. Quotas were set up for both east and
west coast of Vancouver island areas, old-established fishing grounds, and
the general reaction of the herring populations to them assessed, it having
been found that these major areas wers almost completely segregated as far
as intermingling of population was concerned. During the five-year period
the east coast fishery has been fairly stable and limited by the quota but on
the west coast the catch declined in 1938-39 and then inerocased. The quota
was only reached in one year, 1936-37, therefore has not appreciably limited
the catch. On the average the spawn deposition has been much less on the



west than on the east coast. As a result of this experiment it was decided
to continue the tests for a second five-year period, raising the east coast
quota and lowering that for the west coast, continuing, of ecourse, the pere
tinent observations.

Racial studies among herring have had as their objective, firstly the
defining of the individual geographical populations, if possible, and secondly,
the extent of their intermingling. The first is accomplished by analysecs
and statistical comparisons of length and weight ranges, age class represoen-
tation and vertebral number, the seccond by tagging and recovery of the popu-
lations in individual areas.

For the older-established areas of the east and west coast of Vane
couver island the racial studies have been completed and have shown, on the
east coast, very definite segregation of the geographical populations with
practically no intermingling. On the west coast, the races are distinet bus
a cortain small degree of mixing does occur. For northern arcas the studies
have been but recently commenced and in some newly-oxploited districts infor-
mation is being obtained for the first time. From samples of herring taken
from northern catches Dr. Boughton reports that all areas show distinet rates
of growth and that significant differences in "condition" are so apparent
that between the four mejor areas extensive intermingling is unlikely. With
respect to vertebral counts and age composition, also, the differences in-
dicate that intermingling was either limited or absent, with one exception.

The tageing experiments, carried out by Dr. Hart, Dr. Testor, Mr,
McHugh and Dr. Boughton, reveal much more directly the migratory habits and
intermingling tendencies of the individual herring stocks. The returns obe-
tained during the 1940-4) season confirm earlier evidencec that for practical
purposes the herring of the major areas, i.e., east coast of Vancouver islangd,
west coast of Vancouver island, Queen Charlotte sound, central coastal area,
northern districts, may be regarded as separateé units with but a small amount
of interchange. Ninety-six per cent of the tags were recovered in the same
general area in which they were inserted.

The recent inecrease in herring canning has very significantly affected
the herring tag recovery work. The tagging methods were originally devised
@& number of years ago when the bulk of the eatch was taken to reduction plants,
In these latter, magnets placed in the meal line recovered the tags. Where
herring arc canned, however, and in spite of the faet that the offal is taken
to reduction plants, the recovery of tags has been low, suggesting that the
tags are either being lost in the process or are being canned with the fish.
Two induction detectors are in operation which segregate out the fish con=-
taining tags as they pass up the conveyer to the plant. These installations
are costly and require constant attention, hence arec restricted to the most
important plants. If herring canning on an extensive scale is to continue,
&8s seems likely, new methods must bec inaugurated, either to improve recovory
methods or adopt a new tagging systom.



Pilchards

During 1941, approximately 52,000 tons of pilchards were taken
by the British Columbia fieet, the largsst cateh since 1938. Availability
calculations derived by Dr. Hart indicate that the fish were more readily
available to the fishermen than in any vear since 1934, the average cate¢h
per seine for the seascn being 2350 tons, In 1940 it was 1175 with a catch
of 28,770 tons and in 1239, 210 tons with & ecatch of only 5,523 tons. These
records show the variability of the pilchard fishery, dependent largely en
the extent of the general population which moves north from California waters
and its age class composition, sincc indications have been that only the ol-
der fish come as far north &s the British Columbia coast.

However, the 1941 population was characterized by the very small size
of the fish, none as small having been taken for several years. The wmnusual
abundance, then, in 1941 was evidently due to the presence of two or more
abundant ycar classes of young fish and the development of suitable hydro-
graphic conditions which brought thesc young fish into the areas.

During the year 21 tags were recovered in British Columbia, 18 of
which were of California origin, one from Oregon and the remaining two from
British Columbia. In addition, two B.C. tags were recovered in Washington
waters and one in California. Three of the California tags had been out
for a full four years, six for three years, six for two years and three
for one year.

During 1941, one thousand pilchards of the 1939 year-class were tagged
at Pender harbour in the strait of Georgia. Other taggings of this year
class in other B.C., areas are proposed. The tagging of pilchards in outside
waters off the B.C. coast has heen discontinued because of the unsuitable
condition of the fish for tagging and lack of necessary equipment.

Pilchards of the 1939 year class which invaded British Columbia waters
in such unusual numters last sumner, 1940, continued to show up abundantly
around the coast. Though leavy mortality oeccurred during the winter in cer-
tain areas, Saenich inlet and Pender harbour, a large part of the population
apparently survived. Observations by California authorities indiecate that
the 1939 year class was unusually abundant along the Pacific coast and there-
fore may contribute materially to the catch when they enter the fishery,

During 1941, young II year pilchards of the 1940 spawning were observed
in west coast areas but not on any large scale.
Ling cod
The ling cod fishery is an important contributor to the fresh

fish trade and information is desired by the Department of Fisheries par-
ticularly on rate of growth, 2ge classes and migratory habits of the species
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in order to prepare suitable regulatory measures. The investigation con-
ducted by Dr. Hart has been hampered because of limited funds and the un-
suitability of the commercial catch as a medium for acquiring the neces-

sary samples.,

During the 1941 season migration studies were confined to the tagging
of 168 individuals. Of “hese, howcver, 16 were subsequently recovered in
the commercial catch. In addition, 17 tags of earlier taggings were returned.
0f the total 33 recoveries, 14 showed no movement from the area of tagging,
16 indicated slight migration while 3 were taken at some considerable dis-
tance.

Preliminary study of the relationship between fecundity of ling cod
and size, an important feature in conservation, shows generally that over
the size range from 800 to 1100 mm. while length inereases 38 per cent
weight increases 163 per cent and egg number 250 per cent. Further data are
being collected.

MISCELLANEOUS STUDIES
Smelt

During the year Dr. Hart and Mr. McHugh brought together and
prepared for publication as a ulletin, the existing information concern~
ing the four species of smelt in British Columbia. Two of the species, the
capelin and long-finned smelt, are of no commercial value but the surf smelt
and eulachon are marketed fresh to some extent, the latter being utilized
as food on fur farms.

Anchovy

Within the last few years this species has appeared in consider-
able nunbers in west coast of Vancouver island areas and also in the strais
of Georgia, frequently mixed with pilchards. Some of them have been caught
for reduction purposes. Preliminary sampling by Dr. Hart has been undere
taken and has shown that in both 1940 and 1941 anchovies of the 1939 year
class were present on both coasts of the island, that on the west coast ine
dividuals of the 1940 year class were present this summer, and a school of
small fish of a 1941 spawning was observed.

Albacore
In 1941 a considerable gquantity of these fish was taken by
Canadian boats off the Washington and Vancouver island coasts. It is plan-
ned to meke a study of these fish, particularly with reference to size fre-
quencies and natural food.

Rocky Mountain Whitefish

Data collected in past years, relative to food, growth rate and
racial characteristics have been brought together by Mr. McHugh and prepared
for publication.



Dog-fish

In the summer of 1941 a preliminary tagging program was commenced,
using a double disk celluloid tag on the snout of the fish. Only 98 fish
were tagged during July but already 3 tags have been returned. A second
tagging effort is now under way in the southern waters of the strait of Georgia,

HYDROGRAPHY

The hydrographical research during 1941 has been confined largely to
two major projects, the continuation of sea water observations along the
British Columbia coast and the initiation of a hydrographical survey of
Alberni inlet.

During the year, sea water samples were taken by the lightkeepers at
eleven lighthouses on the coast, through the co-operation of the Department
of Transport, and at three special stations, Departure bay, Prince Rupert
harbour and in the Fraser river at New Westminster. From the temperature,
salinity and density determinations so collected, the trend of conditions
in the sea along the coast may be traced and correlated eventually, it is
hoped, with the movements of fish, etc. Long-term series of data are negese
sary before the results are of much significance.

In May the investigation of 4lberni inlet was commenced by Mr. Tully,
the M.V. "A.P. Knight" having been transferred from Nanaimo for this purpose.
After the necessary preliminary field work such as selecting stations and
esrecting suitable markers, developing a routine, etc., had been carried out,
the programme of intensive observations cormenced on May 28 and was continued
to July 19. Trouble then developed with the engine and the manipulation of
the variable pitch propeller and made it impossible to maintain the regulay
schedule of observations up and down the inlet, Subsequently the work was
reduced and confined to the head of the inlet so that the conditions in the
head during the presumed eritical summer low-water period might be deter-
mined. On September 15 the operations were terminated and the "A,P. Knight®
returned to Nanaimo. The datz collected during the year are being analyzed
by Mr. Tully in an effort to determine what leads, with respect to future
work, the interrupted observations may reveal.

No plankton collections were made in Alberni inlet in connection with
the investigation. During the summer, however, Dr. A.H. Hutchinson devoted
considerable time, as a voluntary worker at the Station, to the development
of a suitable routine plankton collecting and analyzing technique.

During the year Mr. Tully endeavoured to carry forward the writing up
and submission of his wealth of oceanographical data pertaining to the
strait of Georgia, Juan de Fuca strait and west coast of Vancouver island.
Much field work was accomplished in earlier years and the results will form
a valuable contribution to our knowledge of the movements of coastal waters
and their relation to the migration of salmon, herring, pilchards, etc. The
data are of little value when buried in files.
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Recently Mr. Tully has developed a theorem of turbulent flow which
will be of direct application in studying the volume transport of water
and current velocities in coastal areas. Heretofore the only methods availe
able were current meters, chip logs, aund the application of Bjerknes' theo-
rem of pressure differences, all of which were found unsuitable for the
studies of coastal channel areas with complicated circulation conditions.

SHELLFISH

The shellfish research is confined largely to studies of clams and
oysters. With respect to the latter, attention has been devoted princi-
pally to the determination of the factors which influence the spawning and
the setting of the Pacific oyster while for clams problems related to spawn-
ing, setting, age class representation, rate of growth, effects of digging,
efficacy of regulatory measures, have been investigated.

Oysters

During July and August extensive natural spawning of oysters
occurred in Ladysmith harbour and larvae were present in the water in
abundance. However, only a very light spat-fall occurred. In a small
lagoon contiguous to Ladysmith harbour, Mr. Quayle had intended to fol-
low conditions closely and with the environmental factors of tide, tem=-
perature, etc. more under control endeavour to relate the mortality or the
survival of the larvaee to certain effects. However, the manipulations with-
in the lagoon were not successful. It is now suggested that small-scale labe-
oratory experiments under carefully controlled conditions might prove more
productive than tests in situ.

Clams

A% the time of Mr. Quayle's enlistment in the R.C.A.F., lMre. Neave
took over the clam work and has continued with the field programs, viz.,
collection of commercial clam catch statistics, tests of the productivity
of clem beaches under varying types of digging, and the collection of
material pertaining to age and rate of growth. The material is being worked
up and analyses of the data made. A large scale study of the effects of dige
ging in relation to productivity is being planned for the spring of 1942 at
Seal island, near Comox. This clam beach has been closed for three years and
now supports a heavy population of clams. Reopening under specified experi-
mental conditions is considered desirable.

Of recent years certain logging companies have been using a dyna-~
mite treatment to control the damage caused to submerged timbers and logs by
teredos. Little is known concerning the effect of such dynamite treatment
on teredos or whether the most effective system is being followed. In view
of the obvious saving which would accrue, particularly to Government wharves,
break-waters, etc. if such a method could be effectively used, tests are pro-
posed. Related problems are the times of seasonal incidence of teredo lar-
val setting and the effects of the dypnamite treatment upon fish and other
aquatic life in the vicinity.
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FISH DISEASES

Furunculosis

During 1941 Dr. Duff continued further tests of the orally ade
ministered vaccine developed at the Stanley Park Experimental Hatchery to
prevent the occurrence of furunculosis among hatchery-reared trout. By
the end of July three tests had been made which gave an average result of
26.3% mortality in vaccinated and 71.1% in untreated cutthroat trout, all
of which had been previously infected with B. salmonig¢ida. During August-
October a different method of infecting the test fish was attempted, more
in keeping, it was felt, with natural conditions. Of 30 non-vaccinated
fish, ¢ became infected whereas among 30 vaccinated individuals only 3
took infection.

& suitable vaccine having been finally developed, there seemed no
need to prolong the investigation, hence on Octobdr 3lst the work was ter-
minated. Through a grant-in-aid from the special Research Fund of the
University of British Columbia, work was carried out on the use of inex=
pensive growth media. Stock cultures of the bacterium and supplies of the
vaccines will be retained at and made available from the Bacterioclogical
Laboratories of the University of British Columbia.

OTHER INVESTI GATIONS

Taxonomic studies of marine polychaete worms were continued during
1941 by Mr. and Mrs. Berkeley. Collections from various regions of the
Pacific Coast of Canada have been examined as well as specimens from.Alaskn
and Bering Sea.

Mr. lMunro, Chief Migratory Bird Convention Officer for British Columbia,
spent the early spring and late fall months at the Station continuing his
study of the economic relations of water-fowl, with particular reference to
the food habits.

During the summer, Dr. D.C.G, MacKay completed the preparation of a
Bulletin on the Pacific Edible Crabs of British Columbia. Fishing methods,
descriptions of the various developmental stages, moulting, time of matur-
ity, etec. are discussed.
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Berkeley, C. and E. On a collection of polychaeta from Southern California.

Bull., Southern Cglif. Acad. Sci. Vol. XL, Jan.-April.

Boughton, R.V. Slow-growing herring from Smith Inlet. Prog. Repts. Pac.
NOO 49’ sept Ll

Cameron, W.M., Killer whales stranded near Masset. Prog. Repts. Pac. No, 49,
Sept.

Carl, G.C. Beware of the broken egg. Prog. Fish~-Culturist, No. 53, Jan,~ Feb.
{See also under Neave, Ferris).

Foerster, R.E. The mortality of young pilchards. Prog. Repts. Pac. No. 48,
June.

Foerster, R.E. and W.E. Ricker. The effect of reduction of predaceous fish
populations upon the survival of young sockeye salmon (Oncorhynchus
nerka) at Cultus lake, British Columbia. J. Fish. Res. Bd. Can.

Foerster, R.E. and A.L. Pritchard. Observations on the relation of egg con~-
tent to total length and weight in the sockeye salmon (Oncorhynchus
nerka) and the pink salmon (Q. gorbuscha). Trans. Roy. Soc. Can.
Sect. V.

Hart, J.L. Tagging British Columbia pilchards (Sardinops caerulea (Girard)).
Insertions and recoveries for 1940-41. Rept. B.C. Fish. Dept., 1940.

Hart, J.L., A.L. Tester and J.L. licHugh. The tagging of herring (Clupea pal=
lasii) in British Columbia: Insertions and recoveries during
1940“41. Repto BOC- Fisho Depto, 1940.

The Queen Charlotte Sound herring populations. Prog. Repts. Pac.
No. 50, Dec.

McHugh, J,L. ZEulachon catch statistics. Prog. Repts. Pac. No. 49, Sept.
(See also under Hert, J.L., 4.L. Tester and J.L. McHugh).

Munre, J.A. Studies of waterfowl in British Columbia: Greater Scaup duck,
Lesser Scaup duck. Can. J. Res., D. 19:113-138.

Munro, Je.Ae Studies of waterfowl in British Columbia: the Grebes. Submitted
to Oec. Pap. B.C. Prov. lus. No. 3.

Neave, Ferris. Return of marked cohos to the Cowichan river, 1940. Prog.
Repts. Pac. No. 47, March.

Cowichan cohos in the commercial catch. Prog. Repts. Pac. No. 49,
Sept. :
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Neave, Ferris and G.C. Carl. The Brown trout on Vancouver island. Sixth
Pao. Sci. Cong. (California), 1939,

Pritechard, A.L. The recovery of marked Masset inlet Pink salmon during
the season of 1940, Prog. Repts. Pac. No. 48, June.
{See also under Foerster, R.E. and A.L. Pritchard)

Pritchard, A.L. and A.L. Tester. The food of Spring salmon in British
Columbia waters in 1940, Prog. Repts. Pac. No. 47, March.

Quayle, D.B. The Japanese "Little Neck" clam accidentally introduced
into British Columbia waters. Prog. Repts. Pac. No. 48, June,

The edible molluses of British Columbia. Rept. B.C. Fish. Dept.
1940,

Some natural enemies of the clam in British Columbia. Prog. Repts.
Pac. No. 50, December.

Rigker, W.E. The consumption of young sockeye salmon by predaceous fishe.
J« Fish. Res. Bd. Can., 5 (3).
(See also under Foerster, R.E. and W.E., Ricker).

Tester, A.L. Queen Charlotte Sound herring. Prog. Repts. Pac. No. 47, Maxreh.
4 modified scale projector, Trans. Amer. Fish. Soc. vol. 70, 1940.
"Belly burn" in Nanoose bay herring. Prog. Repts. Pae¢. No. 50, Deec.
(See also under Pritchard, A.L. and under Hart, JoLs, AJL. Tester

and J.L. McHugh)

Tully, J.P. Washing reclaimed silver nitrate crystals with alcohol leads to

explosian. Can. Chem. & Proc. Ind. vol. XXV, no. 2, February.
PAPERS SUBMITTED FOR PUBLICATION

Idyll, Clarenge. A comparison of the food of the rainbow, cutthroat and brown

trout of the Cowichan river system, British Columbia. (Submitted

to J. Fish. Res. Bd) Can.).

McHugh, J.L. Variation of vertebral centra in young Pacific herring (Clugea
pallasii). (Submitted to J. Fish. Res. Ba. Can.).

Studies of vertebral number of young herring (Clupea pallasii) in
waters adjacent to the southeast coast of Vancouver island. (Sub-
mitted to J. Fish. Res. Bd. Can.).

Growth of the Rocky Mountain whitefish, Prosopium williamsonii
(Girard). (Submitted to J. Fish. Res. Bd. Can.).
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MacKay, D.C.G. The Pacific edible crab, Cancer magister. (Submitted fer
publication in the Bulletin series of the Fish. Res. Bd. Can.),

Tully, J.P. Surface non-tidal eurrents in the approaches to Juan de Fuca
strait. (Submitted to J. Fish. Res. Bd. Can.).

A working model of a tidal estuary. (Submitted to the editor,
Fish. Res. Bd. Can.).

Wailes, G.H. Protozoa, Part III. (Submitted to Fish. Res. Bd. for Faunal
series).
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SCIENTIFIC STAFF
PACTFIC BIQLOGICAL STATION

1941

R.E. Foerster, M.A., Ph.D., F.R.S.C» Director.

J.L. Hart, M.A., Ph.D. Associate Biologist.

A.L. Pritchard, M.A., Ph.D. Associate Biologist.

Yerris Neave, M.Sc. Assistant Biologist.

A.L. Tester, M.A., Ph.D. Scientific Assistant in Biology.
JePe Tully, B.Scey; Al Cey, FuCoI.Co Scientific Assistant in Hydrography.
ReVe Boughton, M.A., Ph.D. Scizntific Assistant in Biology.
D.B. Quayle, M.A. Scientific Assistant in Bialogy.

(Granted leave of absence for military
service, October).

J.L. McHugh, M.A. Scientific Assistant in Biology.
(Granted leave of absence for military
service, August).

WeMe. Cameron, LMeh. Scientific Assistant in Biologye
(Granted leave of absence for war Ser-
vice, August).

H.J. Hollister  Junior Technician in Hydrography
W. Anderson Junior Technician in Hydrography
Re. Fjarlie Junior Technician in Hydrography

(Granted leave of absence for military
service, August).

D.C+sB. Duff, M.A., Ph.D. Consulting Pathologist (Department of
Bacteriology, University of British
Columbia).

VOLUNTARY II'VESTIGATORS

Mrs. Edith Berkeley and C. Berkeley - Taxonomy of Polychaete wormsa.

Dr. A.H. Hutchinson, University of British Columbia - Plamkton studies.

Dr. D.C.G. MacKay, University of Connecticut - Preparing Bulletin on crabs.

Mre. J.4A. Munro, Chief liigratory Bird Convention Officer for British Columbia -
Study of marine waterfowl.
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A.L. Pritehard No. 1
Natural Propagation of Pink Salmon in McClinton Creek, Masset Inlet,
B.C., - The Fry lMigration in the Spring of 1941

The investigation of the natural propagation of pink salmon was
continued in 1941 at McClinton creek, lMasset inlet, with the count of the fry
migrants leaving the stream in the spring. The data collected are now coms=
plete for six cycles, viz.- 1930-31, 1932-33, 1934-35, 1936-37, 1938-39, and
1940-41., The present report gives certain detail of this year's work and sub-
mits a general table of counts for comparative purposes.

The first fry migrating seaward was taken at the fence on February
11. Thereafter until March 6 only a few individuals appeared. From March %,
when 245 were taken, the nuvbers inercased. The rmain portion of the run,
anounting to over 70,000 per day, took place between April 3 and May 1, with
@ maxinun of 571,000 on April 28. The migration was approxinatcly two wecks
earlier than usual, a condition reported as being fairly general on the coast
and aseribed to the corparatively moderate auturin 2nd winter conditions,

The counting fence was operatcd from February 11 until May 29, =
total of 108 days. Water conditions werc particularly favourable in that it
was neeessary to remove the sereens on only four nights, - at 2.00 A.M. on
Harch 23, and all night on March 6, May 15, and May 18. It was fortunate that
two of these mishaps occurred early in the run when few fish were migrating
and that the other two took place when the run was almost over. ZEven if the
fish which escaped were neglected entirely, it is felt that the resulting error
in the figure for hatching efficiency would be small. Estimates have been made,
however, using certain incomplete counts and the general qualitative knowledge
of the behaviour of the fry during migration. The figure is set at 28,000,

The total number migrating, 5,060,725, was ealculated as follows:
counted - 2,030,979, weighed - 2,995,746, and estimated - 28,000. Since the
potential egg deposition was determined to be 26,500,000, the hatching effi-
ciency can be seen to be 19.0.

The following summary includes the counts for six cycles at McClinton
creek:

Year lales TFemales Total Av. No. of Potential BEgg Fry % Hatch
Egegs Deposition iligrants
1930 32,955 33,1¢8 66,153 1,535 * 12 50,950,000 5,384,000 10.6
1932 8,003 7,599 15,600 1,758 * 15 13,360,000 2,230,000 16,7
1934 77,477 77,710 155,196 1,799 T 11 139,000,000 12,800,000 9,1
1936 24,221 28,091 52,312 1,8¢9 f 12 53, 345,000 3,675,000 649
1938 85,549 5,028 10,577 1,698 t 19 8,500,000 2,020,000 23.8
1940 19,071 16,454 35,525 1,619 T 17 26,500,000 5,061,000 12.0

In a Summery Report for 1939 the writer pointed out the fact that
the esmall spawning of 1932 had given rise to the high percentage hateh of 18,7,
while that of 1938 produced 23.8%. Thus the relatively small deposition of both
years was compensated to a certain extent by the raised efficiency., This advan-
tage was further maintained this season by the 19% return., The fry migratiem
was almost as large as that from the 1930 run where nearly twice as many eggs
were involved.,



AJL. Pritehard  No. 1

General eonclusions are certainly not warranted without the accome
panying intimate discussion of the results. However, attention should be
drawn to the faet that from the three relatively small egg depositions, namely .«
1932, 1938, and 1940, signifieantly higher percentages in fry migrants resulted.
It is frankly admitted that these do not produce as many young fish in actual
numbers. The phenomenon indicates, however, a strong resilience on the part
of the species, and suggests that it may build up quickly from a reduced poOpu~
lation.

AJLe Pritchard No. 2

Zffieieney of Counting, Jeleghing end Estimating in Assessing Numbers
of Pink Salmon Fry

In the preceding Summary Report, the total count of fry was shown
as divided under three captions, viz.- counting, weighing, and estimating.
The first two methods might be termed direct and the last indirect. In order
%o gain an idea of the general aceuracy of the whole experiment, it is neces-
sary to assess the efficiency with which all three procedures may be carried
out. Each year, insofar as possible, experiments have been conducted to check.,
The following report summarizes the results obtained during the migration of
1941 and makes comparison with those of other years,

Counting - In the actual counting meanipulation, a number of fry are placed in
a shallow cheesecloth tray set in a trough filled with water. From this they
are dipped with a dessert spoon three or four at & time into a deep wire base
ket which is also suspended in the same trough. Each hundred is rung on a
tally hung in & convenient location. The method of checking involves having
the complete erew of workers count out a number of fry which are transferred
to a retaining trough, in this ease in the eyeing station on the premises.
Later a direct recount is made or the number is obtained when the fish are
marked out. The differenee in the two counts is taken as the possible error.

The following data were obtained from the 1941 experiments:

Date First Count Seeond Count Error
May 2 & 3 10,158 10,196 +40 or + ,4%
May 6 - 3,857 3,934 +77 or + 2.0%
May 8 & 9 4,520 4,471 -49 or - 1,1%

TOTAL 18,533 18,601 +68 or 4%

The error obtained in 1941 was slightly larger than that shown by
the combined checks for 1933 and 1937, .4% as compared with .1%. It still ree
mains so small as to be almost negligible, amounting in the total count of
2,000,000 fry to approximately 8,000 individuals.
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Weighing - The method of weighing which was employed this year was similar to
that which was previously deseribded in soms detail in a Summary Report in 1939,
Briefly, a nurber of fry were poured from & dip net into a wire basket and
weighed on & Pelouse dairy scale. Certain of the weighed groups were counted
before release while others were dumped without counting. From the ratio ob-
tained between the weight and nusbers in the groups counted each day, the fry
released without counting could be assessed. Error was minimized by having the
same operator carry out all the weighings in as nearly as possible the same
menner.

To gain some idea of the accuraey, certain groups which would or-
dinarily have been dumped without counting were transferred to the hatchery
troughs. Later, when the fish were being marked, the actuz2l count was ob-
tained. _

The following tsbls lists the results of nine such tests:

Date Weight {n 1b. Estimated No. Actual No. Error
April 19 8437 13,905 13,844 -~ 8l or - 4%
"o19 8.47 14,071 13,938 -133 or - 1.0%
" 20 8.43 13,692 13,542 ~150 or - 1.1%
" 20 8,70 14,131 14,061 - 70 or - 5%
n 2] 8,92 14,347 14,548 +201 or + l.4%
"2 8443 13,559 13,664 +105 or + 8%
GERE £,57 14,087 14,013 - 74 or - 5%
v 30 12.25 19,159 19,973 +814 or + 4.1%
May 1 9.47 15,053 15,380 +327 or + 2.1%
TOTAL 8l.61 132,004 132,963 +959 or + 7%

The errors listed above appear guite uniform with the possible
exception of that obtained on April 30. In this case the large discrepancy
may be due to the fact that near the end of the period of the pink salmon
fry migration large numbers of coho and chum salmon fry meke their appearance,
The mixture of these three species of fry of different sizes lowers the ac-~
curacy of the operation.

If the nine experiments are gathered into one, the error amounts %o
959 fish or + .7%, a figure which agrees very closely with that obtained from
the combined data for 1931, 1935, 1937, and 1939, namely = + l.1%. In 1941
when approximately 3,000,000 individuals were weighed, there was possibly an
over-estimation of about 21,000 fry. This is an amount which is almost neg-
ligible in the calculation of the efficiency of hatching since such large
figures are involved,

Estimating - The ervor caused in the final calculations by estimating the run of
fry during the period when the fence is out will, of course, vary from year to
yvears In the spring of 1941 weather conditions were such that it was not neoesw
sary to remove the soreens for any extended time, The fence did not operate for
three complete nights. On March 6, the first of these, the migration was just be-
ginning to increase and amounted to only 200 to 300 per day. On May 15 and 18
there were only 3 or 4 individuals showing every twenty~four hours. Partial less
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of count occurred on March 23 when the fence was lifted at £.00 AJdie The

fish which escaped were estimated by calculating the number taken per hour

of darkness up to the time of lifting and multiplying that figure by the hours -
which remained before dawn. It is considered that, if anything, this assess-
ment would be high because the fry are known to drop off sharply with the ap=-
proach of daylight. In all the number which escaped without capture is set

at 14,000,

If the error of estimation is considered to be double that which
has been set, viz.- 56,000 instead of 28,000 -, the total discrepancy for the
year could possibly be: counting - 8,000; weighing - 21,000, and estimating -
56,000 or 85,000 fry. This amount would change the figure for the efficiency
of hatch from 19.0 to 19.3% which is a negligible quantity.

A,L. Pritchard No. 3

Pink Salmon Marking Experiments During 1941

During the autumn of 1940 recoveries were obtained from another
marking experiment on pink salmon fry from McClinton ereek, Masset inlet.
The results have been presented in the Summary Reports for that year (No. 3,
Page 3) and in Progress Report (Pacific) No. 48, Three facts were worthy of
note. In the first place, at McClinton creek itself only 2.2 per cent. of
the marked fry were recaptured as compared with 8.8 per cent. of the unmarked.
In the second place, spawned out individuals lacking both ventral fins (the
McClinton mark) were discovered in two other rivers tributary to Masset inlet.
This condition, involving as it does, an emigration of marked fish from Mce
Clinton and the necessary acceptance of the belief of an immigration of un-
marked fish to McClinton, was considered to account for at least a part of
the discrepancy in proportion above noted. In the third place, a relatively
large number of returns were received for the first time from south~eastern
Alaska. As a result of these findings, it was recommended that further ex-
periments be conducted to check the indications which had already been given.

The mark assigned for pink salmon fry at MeClinton creek in 1941
by the co-ordinating agency for the Pacific Northwest was the adipose and
both ventrals. This enabled separation from the previous cycle when both
ventrals were removed. It also involved the use of more than one fin and thus
reduced the chances of confusion with natural deformities. Unfortunately la-
bour conditions were such that it was impossible to get men for marking who
had been previously trained. The workers obtained experienced great difficulty
in removing the adipose cleanly. This trouble greatly reduced the speed of
manipulation and left the chance of confusion if the poorly cut adipose fins
regenerated. Accordingly the use of the double ventral mark was again re-
quested and granted. Although this is the same as that of the previous cycle,
it is felt that no confusion can possibly arise since no pink salmon have yet
been found which were older than two years.

During the early part of the downstream migration 2,469 fry were
marked by the removal of the adipose and both ventral fins. The remaining
198,297 out of the total of 200,766 were marked by removing both ventrals
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only. Every effort was made to mark each day while the other fry were running.
The number involved, however, made it necessary to mark most heavily at the

end of the run when few fry were going to sea. This unavoidable procedure

may slightly affect the proportionate return of marked and unmarked adults
since the small numbers at the end of the migration may be more subject to
predation. This problem is discussed in another report elsewhere in this
series, viz.~ W.ii, Cameron - lortality of Pink Sulmon Fry During Downstream
Migration,

Recommendations

The writer hes pointed out meny times that the returns from marking
experiments are almost directly proportional to the energy expended in their
collection. For this reason examiners should again be placed in represen-
tative canneries in 1942 as they were in 1940, Arrangements are again under
way with the United States Fish and Wildlife Service to maintain one inspee-
tor in south-eastern Alaske and perhaps inerease the number. liore intensive
efforts will bc made to ensure that ths eannery managers and other mcmbers
of the industry as well as the officials of the Fishery Department arc entirely
familiar with the faet that returns are expected.

Wl.ile Cameron No. 4

Some Physical Characteristics of Pink Salmon Bggs and their Relation to
Redd Sampling

In the study of the mortality of pink salmon during its freshwater
existence, one aim was to determine the percentage mortality during incubation
and alevinage. This figure, calculated from the ratio of dead to live eges
and dead to live alevins, will be sensibly affected by any decomposition of
the individuals to a condition in which there is differential recovery of live
and dead. A certain amount of experimentation was therefore necessary to per=-
mit the correct interpretation of the material recovered from the digging.

During the winter and early spring of 1939-1940, tests were per-
formed on coho salmon eggs at Cowichan lake in an attempt to determine the
proper allotment of shells and egg fragments which were known to constitute
a small proportian of every sample, A resume of the findings has been sube
mitted in sunmary report No. 9 for 1940 (page 13). Throughout the winter of
1940-1941, similar and further experiments were conducted on pink salmon at
McClinton creek. All the data are presented in brief herein.

l. The source of whole shells in the sample.

Breakage of live or translucent eggs results in the appearance of
shells in the colleecting net. These shells are typically clean, translucent,
and exhibit a single split seldom embracing more than half the circumference.,
They may represent either live or infertilc eges which have not become opaque.
Experimentation involving the crushing of samples has demonstrated that while
individual variation is great, there is no significant difference in the resigw
tance of the "chorion" of the two types to rupture. '
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The proportionate reeovery of these categories under natural cone
ditions was checked by burying known numbers of each together and digging
them up in the normal way. The diserepancy favoured the fertile €ggs very
slightly but it was concluded that in the proportions which are known to
exist in nature this difference would have no noticeable affect on the final
figure.

2. The recovery of disintegrating 88ES
Dead eggs are known to break at much lower pressures than live ones.

Due to the eocagulation of the yolk and subsequent infection by fungus, the
shells are usuelly noticeably different from those of live eggs and can be so
allotted. It was necessary, however, to check the possibility of lower re-
covery which might result from disintegration.

In the ease of coho salmon, two lots of eggs were expressed from
mature females. One of these groups was fertilized. At the end of six weeks
in the hatchery, the infertile eggs were agitated to injure the vitellus and
allow infection by fungus. One month later the infertile eggs were heavily
fungused, soft and broke up readily when disturbed. Zqual numbers (250 of
each) of infertile and live eges were counted out and buried together in the
gravel of a small stream nearby. They were immediately collected in the nore
mal manner. Frem the resulting material it was necessary to estimate the
number of a great proportion of the infertile eggs by piecing together small
fragments. The greater the fragmentation, the less was the relative recovery
of the dead. The average figure for four experiments was .72 with a range
from .64 to .90.

In the fall and winter of 1939+1940, closely similar experiments
were carried out on pink galmon developing in thc colder waters of McClinton
creek. Here fragmentation was much less and from five tests the range was
+94¢ to 1.00 with a mean relative recovery of .99,

About the middle of February, 1940, five attempts were made to
determine the decomposition of eggs which had been killed during the pre-
eyed and eyed stages. Instead of burying these samples, they were placed
in a large tub with gravel and an effort was made to duplicate the amount
of crushing which would oecur in the process of excavation, The eggs wsre
then washed into the net and the recoveries examined. In ¥wo cases more
egga were obtained than were used originally due probably to piecing to-
gether the dead eggs. The average relative recovery of .98 was not signf-
ficantly different from perfect efficiency.

3« Recovery of desd alevins

Dead alevins were handled in a similar manner to the eggs recorded
immediately above. The recovery from five experiments was .98 which was ree
markably efficient.

Artificial conditions such as were represented in the experiments
do not necessarily produce similar results to those pPresent in nature., It was
observed that some alevins recovered from redds showed relatively less growth
of fungus than those which had been dead for the same length of time in the
hatchery. A light growth might possibly be less effective in holding to-
gether the dead material and thus cause a lower recovery., The problem calls
for more study in an effort to duplicate a variety of natural conditions,.
A%t the present time it is proven that the caleculation of mortality from ex-
cavated collections should be made with caution but there is a general in~
dication of the error involved.
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Mortality of Pink Salmon Eggs During Incubation and Early Alevinage

In summary report No. 8, p. 11, for 1940, an outline was submitted
of the beginning of a series of experiments designed to produce guantitative.
information on the losses occurring during the incubation and early alevinage
of the pink salmon eggs in hMcClinton creek. Detail was submitted of the
methods of marking the redds, the apparatus and manipulation involved in
sampling, and the general treatment of the material. During the winter fur-
ther digging was carried out until 84 redds were sampled. These were con~
sidered to be represenictive of most of the conditions present in the stream.

For each sample the eggs or fry were immediately designated as live
or dead. The live eggs were then separated into tvo categories vize 1 -
ghells end 2 - complete eggs and alevins. The dead eggs were recorded undex
1 -~ shells, 2 - heavily fungused, 3 - pre-cyed, 4 - eyed and 5 - alevins,

To assist in the comparison of results it was considered advisable
to ealculate the pre-eyed mortality for each sample. This procedure involved
the intelligent assignment of dead shells and heavily fungused eggs to their
respective categories, The division of the dead shells in the same ratio as
the unbroken, lightly-fungused eggs appeared most reasonable. Heavily fun-
gused eggs were allotted in their entirety to the pre-eyed group. Undoubtedly
this procedure is open to criticism but any other division produced, in iso-
lated instances, peculiar values which did not seem compatible with the general
situation,

A study of the pre-eyed mortality of the 84 redds demonstrated a
great variation in the figure over the length of the sampled area (2,1 to
84.3%). It has been observed that there is a tendency for losses in neigh-
bouring localities to resemble each other in magnitude. Isolated exceptions
to this tendency are in some cases due to particular conditions peculiar to
the small area in which the redd was situated.

It was beyond the capacity of an investigation such as this to dig
all redds immediately before the fry emerged from the gravel. Comparison of
pre-eyed mortality shown by the samples which were taken early with that of
those dug before hatching, showed a difference which was such that it was
felt that the mortality shown by the alevin samples was higher than would
have been discovered if all the redds had been dug during alevinage. An
attempt was made to ealculate what the mortality would have been if the dig-
ging had all been delayed until just -before emergence.

Plotting the mortality shown by the alevin samples against their
pre~-eyed mortality suggests a definite relation between them. A cubic para-
bola passing through the origin was fitted to the data and used to calculate
the mortality which would probably have been exhibited if the early samples
had been dug during alevinage. This method, though an approximate one, per-
mitted the use of all of the available data in estimating the loss during ine

“eubation and alevinage.

A study of the derived mortalities in the form of a frequency dis=-
tribution showed the mean “total™ mortality in incubation and early alevinage
to be in the neighbourhood of 30%.

Nine redds out of the 84 marked were destroyed by flood action
ghortly after deposition. The eggs were probably entirely lost. It might
be suggested that they would lodge in the gravel downstream. Sinee, however,
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most of the erosion oeccurred during the early stages of incubation when the
eggs are quite sensitive to jarring, it is possible thag they might not sur-
vive the disturbance., The possibility of some of the dead eggs being re-
covered in the collection of other redds must not be overlooked but it is
felt that such duplication will affect the average figure very little. The
loss through erosion can thercfore be approximated at 107,

The mortality due to superimposition of redds was apparent but was
probably largely evidenced in the figure given for yredad losses, since the
number of eggs uprooted and lodged in adjacent depressions did not make up a
large percentage of the total deposition for the area, Five per cent. is eon-
sidered & maximum limit and will include the eggs lost in spawning under con-
ditions detrimental to their lodging in the redd.

WeMe Cameron : No, 6

The Effect of Physical Conditions on Pink Salmon Zgge During Incubation
and Early Alevinage.

In an effort to gain some idea of the effect of the physical con-
ditiens of the environment upon the incubation and alevinage of pink salmon
eggs, certain observations were mede and notes recorded for each of the sample
redds which were marked and dug at MeClinton creek during the autumn and win-
ter of 1940-1941. Three factors were specially examined, viz.- the size of
the gravel, the degree of water circulation, and the gensral condition of the
redd with respect to silting and plant debris. Each of these items was gra~
ded according to the following legend:

Gravel: A - Medium to coarse; B - Fine with a tendency to
shift in changing currents, and ¢ - large rocks orx
boulders (usually assoeiated with poor circulation,
silting and plant debris).

Circulation: 4 - Good; B - Fair, and C ~ Poor.

Condition: A - Clean; B - Silt; C - Silt and plant debris
(twigs, spruce cones, leaves, etc.), and D ~ Dead
branches, logs embedded in redd.

Although these observations were strictly qualitative in nature, a
study of the records in comparison with the moertality definitely demonstrated
that the best conditions involved medim to coarse gravel, good water eir-
culation and absenee of silt or plant material., In some ocases good returns
were encountered where there was comparatively heavy silting but it is be-
lieved that this deposit was of recent origin {probably the yesult of a fre=-
shet) and had not had sufficient time to cause damage before digging was
completed,
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Mortality of Pink Salmaon Fry During Downstream Migratien

Pink salmon fry, on emergence from the gravel after completian of
alevinage, migrate downstream irmediately. The movement to the sea takes
place only during the hours of darkness. During the time $aken to reach the
sglt water, the fry are exposed to the depredatian of predators. An attempt
was made to estimate the losses which might occur from these attacks.

Two methods of studying the problen were evident. The first con-
sidered was to examine the food of the predators. In order to reach a final
figure for total predation in such a method, it would also bc necessary to
know the habits, abundance, distribution and behaviour of all the predators.
The labour and time involved were manifestly impossible of atftainment. The
sccond method which was employed, was to release marked fry at intervals along
the stream and calculate the mortality from the number of individuals which
were later recovered at the fence near the mouth of the river.

The suecess of this second chosen method is dependent upon the mini-
mizing of the detrimental affects of marking, transporting and releasing the
animals, as well as insuring that they are released in such a way as to react
normally. The choice of mark is controlled by the fact that it must be inex-
pensive and easy of application and of recognition among large quantities of
fry, yet it should not handicap the fish in any way. Investigation of the
use of stains, scarring, and branding were tried and rejected as unfavourable
(Summary Report No. 10 for 1940, p. 1l4). To date the most satisfactory method
was the insertion of variously-colored fine silk threads through the back of
the fish under the dorsal fin. The operation was performed under anaesthesia
induced by a dilute solution of chloretone. Recovery was rapid and complete.
Recovered individuals did not give indication of greater loss than controls
when meintained in the protected environment of the troughs.

The general procedure was to select fish at random, mark them and
retain them overnight and through the following day in the hatchery. The fol-
lowing evening, when fully recovered, they were taken in quart sealers to the
point of release particular care being taken to renew the water on the upstream
trip. Retention at the point of liberation for twenty-four hours before re-
lease did not appear to affect subsequent mortality so the fish were deposited
at selected stations and released on the downstream trip.

On recovery the "threaded" fry appeared to react normally but an
effort was made to discover whether there was any differential mortality on
exposure to natural conditions. At the beginning and end of the run when the
nightly migrations were relatively small so that each fish could be closely
examined, fry marked by the removal of fins were handled similarly and »e-
leased at the same location as "threaded"” individuals. For two experiments
conducted on March 9 and 12 as the migration was increasing, no difference in
susceptibility to mortality could be detected in the various lots. Toward the
conclusian of the run (May 5 and May 6) similar tests were made with the result
that it was demonstrated that the "threaded" fish were being lost in signi~
ficantly greater proportion. The reason for the difference in the two sets of
experiments is not definite. It is possible that under the degree of preda-
tion experienced early in the run (estimated at 50%) there is little or no
selection by the predators. A4s the population of young in the river decreases,
the "threaded" fry are taken in increasingly greater numbers. It is also sug-
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gested that the reason for the heéviervmortality at the end of the run is an
inereased capacity in the' predator whose appetite might be enlarged and whose
diet, exclusively fry, was more limited. It was readily observable that the
trout and coho fingerlings were concentrating above. the fehce, apparently move
ing down from the upper reaches.

Inspection of the findings suggests that the total recovery was in
general determined by the time taken by the fry to get from the point of re-
lease to the fence. The more remote statieons showed a lower total recovery.
The rate of migration was not uniform throughout the season. When the height
of the water was above normal, fish moved out more quickly and mortality was
relatively smaller then on other days when the stream was low.

Thie demonstrable increase in mortality with distance travelled in=-
dicates the necessity for continual liberation in proportion to the entrance
of all fish into the phase of the life history for which estimates are being
made. Particularly is this true of fish being marked for migration experiments,
The release of a greater proportion of marked fish under conditions tending to
excessive mortality may lower the proportion of the marks in the population as
& whole. -

Realization of the interrelations of the factors causing mortality
in a fry migration, prevents a too definite estimate of the losses experienced
by the pink salmon in McClinton creek. It is considered however that the mor-
tality should be fairly constant during the main portion of the run. For thig
reason the losses for the period between March £2 and May 3 are considered. If
it is assumed that "threaded” fish during this time did not suffer dispropor-
tionately, the figure of 60 per cent. loss due to predation may be considered
a reasonable estimate for the main portion of the run.

WMo Cameron No. 8

General Consideration of Mortalities Oceurring in Pink Salmon During
their Freshwater Life.

Since the writer has for the time being discontinued the investigation
of the mortalities occurring in the life of the pink salmon from the time when
they enter fresh water to spawn (Autumn) until the time when the resulting fry
migrate to sea (late spring), it is considered appropriate that a general state-
ment of the findings should be made. The results derived from the runs of 1940
are therefore summarized,

Qualitative observations during the adult spawning runs and examination
of spawned out females leads to the belief that loss occasioned by the aection
of predators on the fish and through incomplete spawning is relatively light,

It is here placed at approximately 10 per cent. of the potential egg deposition.
llortalities due to the superimposition of redds one on the other was apparent
but limited, Five per cent. is considered to be a maximum estimate of the pro~
portion exposed by the action of late spavning femeles. Mortality due to dis-
turbance without dislodgement will be ineluded in the figure submitted for redd
losses. Erosion has been suggested as causing 10 per cent. mortality, since 9
out of 84 redds were completely cut away while the eggs were in an early and
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tender stage of development. Loss during incubation and alevinage has been
fully diseussed in another report and is set at about 30 per cent. No figure
is gvailable for the mortality due to non-emergence of fry but a study of
weter conditions at the time when this ocecurs and during spawning would lead
one to believe that it is not severe. The loss of fry during migration due
to predators is heavy having been set elsewhere at 60 per cent.

A tentative table is submitted outlining the estimates in their
very approximate value and the proportion of the potential egg deposition
which these values will affeect:

Mortalities Percentage of Percentage of Percentage
egegs or fry potential eges or fry
available egeg deposition remaining
Predation on adults and 10 10 g0
incomplete spawning
Exposed by superimpo- 5 S 85
sition
Erosion 10 8 v d
Incubation and alevinage 30 23 54
Fry predation 80 32 22

The agreement of the final figure (22%) with 19 per cent. which
was the actual effieiency obtained from the enumeration of the runs, is clow-
ser than one might expect from the approximate nature of the estimations and
should not be accepted as any indication of their accuraey. The study sug-
gests, however, that inerease in efficiency may be in the direction of pre-
dator control and stream improvement. Decreasing the predator populations
should result in an increase in the numbers of frye. In such a programme,
however, consideration would have to be given to the fact that some of the
predators might be eeonomically valuable in themselves and that the so-called
ecological balance might be upset.

The information also suggests that the numbers of adult individuals
constituting the spawning escapement may not be the only faetor influencing
the assurance of an adequate fry migration. In general early migrating adults
spawn before those that enter the stream at the end of the run. If these give
rise to early-running fry, they may be less subject to predation than those
which come later. The establishment of a coneentrated spawning pericd might
reduce the effect of predation but might increase losses due to fish having
to spawn in unfavorable locations.

Since escapement, predator control, and stream improvement appear
to be intimately assoeiated with efficient conservation, continued observation
on their interrelation would seem highly desirable.
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Racial Studies on Pink Salmon

In the Summary Reports for the Pacifie Bialogical Station for
1940 (No, 11, page 15), a brief synopsis was submitted of a proposed inves-
tigation to determine whether so-called racial differences existed between
pink salmon runs of different streams. The characters selected to indicate
such differences, if they existed, were the number of gill rakers on the
first gill arch, and the number of pyloric caeca.

During the 1940 season collections were made from eight strcams
on the Queen Charlotte islands. The counts and analyses have now been com-
pleted and a summary is submitted herein.

GILL RAKERS

In the following table are presented the numbers used in each col-
lection, the ranges and the average.

Numbey Range Average
MceClinton creek 136 27«33 30,32
Deenan river o8 28-33 30.55
Yakoun river 100 27-34 30.22
Mammon river 98 28-34 30.40
Detlamen river 65 28-34 30.34
MASSET INLET 457 27-34 30 .35
SKIDEGATE INLET {Haan's cr.) 24 27-32 29.83
CUMSHEWA INLET (Palent cx.) 79 28-32 29.94

If the probable errors of eaeh average are considered in the com-
parisons, no significant difference exists in number of gill rakers between
the collections from any of the rivers in Masset inlet nor between those from
Skidegate inlet (Haan's creek) and Cumshewa inlet (Palent creek). 4 difference
was demonstrable between the whole sample from Masset inlet (on Graham island)
and that from each of the other inlets on Moresby island. A similar difference
was noticeable in most cases when individual rivers from these larger arcas
were considered.

PYLORIC CAECA

The data for the pyloric casca counts are tabulated below:
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Number Range Average
MeClinton ereek ‘ 128 106-163 133
Deenan river ' 55 108~166 131
Yakoun river 104 111-166 133
Mammon river 95 111-156 136
Detlamen river 68 106-160 134
MASSET INLET » 450 106-166 134
SKIDEGATE INLET (Haan's er.) 10 107-128 114
CUMSHEWA INLET (Palent cr.) 79 106-195 136

No significant differences in the pyloric caeca ecounts can be
demonstrated from the above samples with the exception of Haan's ereek come
pared with all the other streams, Little reliance is placed in this variation
because the sample used is of such a smell size.

In summary the material thus far gathered permits of no definite
conclusions concerning racial differentiation in pink salmon, Variations are
indicated between rivers in the gill raker counts but none are evident in the
counys of caeca. In order to pursue the matter further samples have been
taken from southern British Columbia during the present year, viz.- Morrisen
creek, tributary to Puntledge river on the east coast of Vancouver island, -
100; Harrison river near Harrison rapids, tributary to the Fraser river - 110;
Harrison river below railway bridge -~ ea. 25; Chehalis river, tributary to
Harrison river, - 100; Lorenzetti ereek, tributary to the Fraser near Hope =
100, Sucker oreek, tributary to the Coquahalla river at Hope, - 69, This
total of approximately 400..samples is now being worked over.

Aol PritChard N°| 10

The Age of Chum Salmon in British Columbia

In a Summary Report for 1940 (No. 12, page 18) the writer pointed
out the desirability of making available information on the age of the chum
salmon in journals which could easily be procured by the members of the fishe
ing industry and the conservation authorities. The first step in accomplishe
ing this aim was to loecate and summarize the data which have alyeady been col-
lected. The second necessity was to obtain further collections from areas
which have not been represented and to duplicate in other districts for com-
parative purposes.

To date approximately 4,600 determinations have been discovered for
the following localities: Qualicum, Nanaimo, Chemainus, north coast of the
Queen Charlotte islands, and Nootka sound. During the season of 1940, 332
scale samples were collected from fish taken on the east coast of Moresby
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island, Queen Charlotte islands. During 1941 more materisl was procured with
the help of certain canneries as follows: 400 sets of scales from Athlow bay
on the west coast of Graham island, Quesn Charlotte islands, through British
Columbia Packers Pacofi cannery, 180 from the Barkley sound district, west
coast of Vancouver island, “thesugh B-itish Co-umbia Packers Kildonan cannery,
542 from the Nootka sound area, west coast of Vancouver island, through Nootka
Packing Company's Nootka cannery, and approximately 100 from the strait of
Georgia through British Columbia Paclers Imperial cannery.,. Qur thanks are ex-
tended for the fine co-operation which has been received in this experiment.

The actual exsmination of the scales and the summarizing of the
material is somewhat tedious and will probably consume two to three wecks
timo. It is hoped, however, that this period will be available during the
coming year so0 that the data on the comple*s series of approximately 6,000
samples may be presented.

R.E. Foerster and A.L. Pritchard No. 11

Relation of Egeg Content to Total Length and Teight in the Soekeye and
Pink Salmon

In the course of the investigations of the natural propagation of
the soekeye and the pink salmon in British Columbia, it was necessary to make
counts of the eggs contained in a sample of mature females to allow the ealw.
culation of an average per individual. From this average and the total num~
ber of females in the run, the potential egg deposition was calculated.

The following sockeye salmon were handled at Cultus lake, British
Columbia: 1932 - 46; 1933 - 47; 1934 - 755 1935 - 55; 1937 - 35, and 1938 - 47T
In addition 112 females bearing the distinctive Cultus lake mark were taken fyom
the fishing areas in 1933, The total involved was thus 417. For pink salmon
at McClinton creek, Masset inlet, British Columbia, the following were employed:
1930 - 97; 1932 = 73; 1934 - 165; 1936 - S1; 1938 - 40, and 1940 - 70, or a to-
tal of 536.

All the eggs in each ovary were counted, particular eare being exer~
cised to consider only specimens with unbroken ovaries. In order to avoid
the introduction of age as a variable factor, only sockeye in their fourth
year were considered. This age-class includes the majority of spawners at Cule~
tus lake, and therefore, where the separation on the basis of age was impos-
sible, it is not believed that any appreciable number of older or younger fish
was included. Since all pink salmon thus far encountered have been found to
mature in their second year, no similar difficulty was apparent.

For both sockeye and pink sslmon females, there is a significant
positive correlation between the number of eggs contained in the ovaries and
1 = the total length (from the tip of the snout to the middle of the fork of
the tail), and 2 - the totel weight. The yearly mean number of eges for the
runs, when plotted, show similar trends of inecrease in each speciesa

Inspection has shown that for any run the straight line obtained
from the originel data by the method of least squares, the regression line of
eggs on length and eggs on weight calculated from the correlation coefficlent
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and the "power" curve obtained by applying the method of least squares to the
number of eggs and the logarithms of the lengths and weights, for the ranges
exhibited, fell very closely together. For this reason the straight line
equations were employed for comparisons.

For both species it was evident thet the di fferences in these lines
from year to year were not statistically significant, but merely the result
of the inherent variability of the sample, Generalized relationships were
therefore worked out by caleculating the equations of the straight lines for
all the data for each species by using the method of least squares on the
nean egg numbers for the various length and weight groups. These lines showed
that for the ranges involved, for each centimetre inerease in length and for
each gain of one kilogram in weight the number of eges rose for sockeye 135
and 1,100 respectively, and for pinks 57 and 472.

Two important implications are suggested:

1, - In the exploitation of salmon any effort which tends to remove laxr-
ger fish will proportionately reduece the ege deposition and thus
militate against the normal conservation of the species.

2. = Since egg content varies directly with size, due caution must be
observed in using data pertaining to this characteristic to in-
dicate racial differences between salmon in various streams. Varia-
tion as a result of sampling may be sufficient to demonstrate a sig-
nificant difference between two separate collections from & given
run in the same year.
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Natural Propagation of Coho Salmon in Tributaries of the Cowichan River

In continuation of previous investigations, a record was kept of the
spawning run of 1940-41 in Oliver and Beadnell creeks, two small tributaries
of the Cowichan river. Counts were again made of the fingerlings descending
these streams between the beginning of March and the end of August. The work
entalled the part-time assistence of one man during about six months.

Figures for the upstream migration of adult fish were as follows:

Oliver Beadnell
Total no. of cohoes 810 99
No, of females 293 39
Dead, spent and stripped females 46 1
Females remaining 247 38
Eggs presumed available for '
deposition at 1,950 per female 481,650 74,100

Downstream migrants resulting from these eggs wers counted as fole
lows:

Oliver Beagnell
Number of fingerlings 146,279 22,274
Percentage of presumed
deposition 30,37 30,06

A few fish remained in Oliver creek when the necessity of providing
for the passage of upstream migrants in the fall of 1541 made counting im-
practicable,

A record was kept of potential predators appearing in the traps
with the young cohoss These included yearling cohos and yearling and elder
brown trout, cutthroat, steelhead and char, in the following numbers:

Coho Brown Cuitthroat Steelhead Ohar
Oliver 560 33 608 37 >
Beadnell 1,061 183 316 85 0

While it would seem that the small population of Besadnell oreek
supported the heavier total population of predators, conelusions on this point
would have to take into acoount the size of indiividual predators and the rela-
tive destructiveness of different species, The cutthroat appears to be the
greatest consumer of first-year cohos. '

A comparison between the production of cohos in 1941 with findings
in previous years is appended.
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Oliver Beadnell
Potential Percentage trapped - Potential Percentage trapped
deposition as fingerlings deposition as fingerlings
1939 330,176 14.42 ~ -
1940 665,280 11,84 433,440 40.01
1941 481,650 30.37 74,100 30.06

Ferris Neave

No, 13

Return of Marked Cohos of 1937 Brood Year

The 1940-41 coho run in the Cowichan river included fish which had
been marked as fingerlings at the Cowichan lake hatchery. Recards of these
marked cohos from salt water were given in a summary report, 1940. Data re-~
garding the number returning to certain spawning grounds are presented here-
withs This information was obtained mainly in connection with the investige-
tion outlined in the previous report.

The marked fish (25,739) were the hatchery.raised product of
146,277 eggs collected from seventy-four females entering the Oliver creek
and Beadnell oreek traps in the run of 1937-38, They were released in the
upper Cowichen river in the fall of 1938 and spring of 1939.

In the spawning run of 1940-41, 315 merked fish were trapped in the
two creeks from which the eggs had been taken, this number representing 36.7
percent of the total run of 858 fish of this brood year. Sinee the eggs
from which the marked fish were derived represented only 19.4 percent of the
estimated deposition in these strecams, mortality of the hatchery fish would
seam to have been considerebly less than that attending natural propagation
in this instance,

An additional twenty-five marked cehos were caught in the upper
Cowichan river, thus accounting for 340 which had reeched the neighbourhood
of their spawning grounds. In view of evidence (through tagging of fish
caught in the river) that a considerable number of marked fish did net enter
Oliver or Beadnell creek, it is unlikely that fewer than 400 returnsd to the
upper Cowichan river., This would represent a return of 155 percent of the
fingerlings released, or 0,273 percent of the eggs collected.

It may be added that eight oohos bearing the proper marks of the
1937 brood year have appeared in the 1941 run to these streams. It is ten-
tatively concluded that these fish, or some of them, are cohos which have
walted until their fourth year to return to fresh waters
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Return of Marked Cohos of 1938 Rreed Yeer

Hatchery-raised fingerlings released in the Cewichan lake pool in
October, 1979 were marked as follows:

Lot 1. Offspring of third-year males and females, 23,544, adipose
and both ventrals removed.

Lot 2. Offspring of third-year femeles and socond~year ("jack") males,
8,567, dorsal and adipose removed.

Six from lot 1 end three from lot 2 were resovered as jacks in the
run of 1940-41 at or near the point of liberation.

Further data regarding marked fish have been odtained in the summer
and autumn of 1941 by the present writer in collaboratien with Dr. A.L. Prit-
Ohardo

Recoverisse reported from palt water are as follows:

Lot 1.

Locality Date Ne. of returns
Swiftsure banka July 3
Cape Flattery July, August 4
Porlier pass July 1
Hornby T. July 1
Cape Lazo July 1
Ucluelet August i
Neah bay September 3
Point Roberts October i §
Cowichan bay September, October £

Total 21

Lot 2.
Orofton December, 1948 i
Kyuquot August 1
Camano Ia Saptember b 4
Cowichan bay April, October _4
Total 7

Nine marked ffsh (of toth lots) were reported frem a total of 3,560
cohos landed at Cowichan bay between August 23 and October 31,

Return of marked fish te the Cowichan river system was investigated
at Skutz falls in September and October and subsequently in certain tributary
streams near Cowichan lake, A% the former locality 1,189 cohos (including
67 jacks) were obtained, mainly by dip-net, These included twenty-two marked
fish of lot 1 and seven of lot 2, Operations here entailed the attention of
three men (including an investigator) for two weeks and the part-time pressnee
of an investigator and an assistant for an additional two weeks. All fish
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secured were lagged for the purpose of securing data regarding the size of
the run and the percentages of marked and unmarked fish appearing subsequently
on certain spawning grounds neer Cowichan lake.

Interim fligures rolating Yo the spawning runs in Oliver oreek and
Beacnell creek (fram which the eggs were originally obtained) are as followse:

Number of unmarked cohos (excluding jacks) 197

" ¥ wrked ® 142

Lot I, 52
Percentage of marked fish in runs 4149

It ig probable that less than half the total run hes entered the
creeks to date, The investlgation is being continued and observations are
being made on other tribubaries of the Cowichan river systemso

~

A.L. Pritchard and 4.0. Toss
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Studi es on ths Food of the Cohc Salmon in British Columbia

Juring the three years, 1939, 194n, 1941, during which collections
of salmon s¥cmachs have been mais from fish taken in the commereial catches,
although the major attention was paid to the spring, a goodly number of
cohoes have also been received., These amounted to 44 in 19329, and 131 in
1949, The returns for 1941 are not yvet complete but it now appears certain
that a sizeable quantity will be on hand for inspection. The food items
have been examined in a simiiar manner to those contained in the spring salmon,

The Iollowing organisms Yave been identified: Coho salmon (Oncor-
hynchus k' sutch), Lantern fish (Lampanichthys nannochir), Pacific herring
(Clupea paiiasii), Pilicherd (sardinops caerulea), Anchovy (Bngraulis mordax),
oiybes perscnetus), Capeiin (Mallotus catervarius), Saury (Colo-
labis saira), Black cod (Anopop.oma fimbria), Whiting (Theragra chalcogramma),
Hake (Msrliuscius productus), Roekfish (Sebastodes sp.), Red feed (Buphausida),
Amphipods, Iscpods, Crab larvae, Goose Barnacles and Velella (Coelenterate).

No attempt should be made to draw definite quentitative conclusions
from the data, Such a course is unjustified on the besis of only 175 saemples.
It may be stated, however, that a wide renge of organisms is included in the
diets In additvion although fish appear in great numbers, invertebrates oc—
cupy & more importent proportion than they do in the case of the spring selmon.
These studies arc being continued in co-ordination with those on the related
speciese

IO
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Spring Salmon Merking Experimems

During the year 1941 returns were expscted from 25,000 spring sal-
mon fingerlings fram the brood year of 1937 and a similar number from the
brood year of 1938, These were marked on the Cowichan river, the former by
the removal of the adipose and right ventral fins and tle latter by the re-
moval of both ventrals only. Up to the present no returns have been raceived,

Several reagons can be advanced for the lack of recoveries. In
the first place, the numbers marked each year were comparatively amall, If
mortalitly were heavy, only a few individuals could be expected to appear in
the commercial fishery and these might easily be overlooked, There is no place
on the Cowichan river itself where the springs may be racked and examinede.

The second explanation of the failure may be in the lack of sufficiently wide
advertising of the experiment, At the time of marking the main object was to
obtain some idea of what fish were taken in the game fishery in Cowichan bays
The contribution of the Cowichan to the general commercial catch was not under
examination, Thus though extensive inspection was made in Cowichan bay 1it.
self, other areas were neglecteds The third interfering factor was the change
in the spring salmon fishery. During recent years individuals of the species
have been used prine.pally for the fresh and mild-~cure markets In this field
extreme care is exercised to procure fish in good condition without blemish
(lacking scales or with cuts). If springs are in p~pr shape or injured, they
are immediately graded down to half price or even less., Trollers therefore
are chary of removing fin-scars. As & matter of fact they prefer not to report
them. A fourth explamation may be that since these fish were held until
August before marking, they may well have been retained beyond the time when
the natural stimulus to go to sea normelly occurs. They may therefore remein
at sea an extre year and return next fall, 1942,

In spite of the leck of returns this year further marking experiments
are desirable, The spring salmon fishery is highly important and ag much
information as possible should be obtained to allow sane and efficient regule-
tion and conservation, Not the least important of such data are the migration
routes of the various runs. It can readily be realized that no sensible
restrictions for a certain river population could be placed unless it was known
where the fishery exploited it. Furthermore, with the increase of industrial
development on the Columbia river -~ dams, diversions etc. - some fear is felt
for the maintenance of its run which is one of the most important on the ecoast,
It is now an opportune time, therefore, to assecss the contrihition of e river
such as the Oowichan to the general fishery. Although we hope the situation
may never arise, it may be that such rivers will eventually be the main sup~
port of the industry.

The difficulties listed are not entirely insurmountable, MNore fish
should be marked in any given experiment. Allowance for this has been made by
eollecting approximately 300,000 spring salmon eggs on the Cowichan this year.
A thorough advertising programme should be conducted so that no one will be
unfamiliar with the fact that recoveries are expected, A beginning was made
during the present year but due to circumstances beyond control, the time at
whieh the start was made was teo late, In the next year it is hoped that through
the co-operation of the Department of Fisheries, a letter may be handed to each
troller who gets a license, During the winter the whole matter will be discussed
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with as many fishermen's organizations as possible and the industry will be
fully informed. The actual collection programme will have to be revised te
suit the new conditions of the fishery. 1In this it is hoped that the usaal
co-operation of the fishery officers and the buyers may be forthoaming. The
fisherman can report the mark to the buyer who can keep it separats until
inspection can be made by a fishery officer or other accredited examiner, It
will thus be unnecessary to demage the fish in removing the soars.

It should be stressed that this effort should be as widespread as
possible. There have been at least 50 spring salmon marking experiments
carried on in Washington, Oregon and British Columbia from which returns are
expected. Every pressure should be excrted to obtein recoveries which will
furnish so much valuable information. Alrcady the co~operation of the Wash-
ington State Fisheries Department and the United States Fish and Wildlife
Service in collecting and paying rewards has been unstint ingly offered. No
doubt much time will have to be used in advertising end collecting but it
would appear thet the results would Justify the effort expended.

A.L. Pritchard and A.L. Tester No, 17

Studies of the Food of Spring Salmon in British Columbia in 1941

This is the third year in which spring salmon stomachs have been
collected from fishes taken in the commercial catches throughout the fishing
areas in British Columbia, During 1939, 333 samples were taken, and during
1940, 467. The results of the analyses have been summarized in Progress
Reports (Pacific) No. 42 and 47 respectively. As a result of the analysis in
1939, it was discovered that herring and sand 2o were the two most im-
portant food items. Red feed (Euphausids) assumed some prominence in certain
districts such as Kyugquot and Barkley sounds. Other fish were taken in con-
slderable numbers. The proportion of the various foods in the diet varied
from area to area and from month to month. TIn 1940, herring, sand launce and
pilchards appeared as the three most important items, The addition of
pilchards was undoubtedly due to the unusual appearance of large amounts of
emall individuels of the species alonz the coast during the spring and summer
of 1940. Other conclusions drawn in 1929 were confirmed,

In 1941, an increased effort was mede to enlarge the scope of the
experiment by inereasing the number of collectors, by extending the range
of collection, and by thus making available more stomachs for exaemination.,
The table which follows will prescnt a comparison of the effort for the three
yoars:
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Number of Collectors

Area of Collecticn 1939 1940 1941

Queen Cherlotte is. and Prince

Rupert areas 6 7 7

Central British Columbia b 4 3
Streit of Goorgia 0 b | 5
Cowichan bay 0 1 1
Saanich inlet 0 0 2
Sooke end Victoria 0 o] 2
West coast of Vancouver island | 5 -
9 18 25

A few collectors have still to meke returns but the fellowing have
now beecn received:

Queen Charlotte is, and Prince Rupert arecas 149
Central British Columbie 65
Strait of Georgis 51
Cowichan bay 62
Saanich inlet 2
Sooke and Victoria 17
West coast of Vancouver islend 209

655

It is possible that some of the stomachs listed will be found te be
devoid of food. In addition a few cohoes may be included., It is fairly
eertain, however, that the collection will be larger than these of the pree-
eeding years and thet it will embrace a wider range of territory, To date
only about thirty stomachs have besn examined from the west coast of Vanoouver
island with no outstending discoveries,

Recommendations

It must be realized that an experiment such as this has its limita.
tions. The samples obtained from selected individual fishermen at best can only
glive a sound representation of the food of the spring salmon teken in the come
mercial catches during the fishing season, It is not the final statement of
the diet throughout the life of the fish. Undoubtedly the gear is seloctive
teking mostly larger individuals, Some seesons of the year are not represented,
To extend the collection in order to complete the information would invelve
setting up a major programme, and entail quite sizeable expenditures of monsys
Until the Fisherics Rescarch Board considers that this is necessary, it is
recammended that the investigation be discontinued, The work of the three years
has given as much general information as cen be expected under the limited cone
ditions.
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The Szlmon Angling Fishery in Cowlchan Bay

In 1941 a record was again kept of angling activities in Cowiohan
bay. It is felt that these records provide valuable information regarding
the relative size and cheracter of the ennual spring and coho runs to the
Cowichan river and in ths case of the latter species an opportunity is afforded
for noting the incidence of marked fish emong the migrants.

Landings of marked fish and data relating to angling effort were
obtained through voluntary assistance from June 4 until August 25. Thereafter,
until Novermber 9 an observer was continuously employed. The following statis-~
tiecs were obtained,

Boats Lines Line~hours Springs Cohos Total
Targe Jacks large Crilse

June 109 98 558 93 3 16 22 134
July 181 18 838.5 170 2 8 187 367
Aug. 680 1,227 3,477 394 30 19 247 690
Septe 2 2,015 3,692 11,988.5 824 312 1,205 367 2,708
Octe 1 1,259 2,451 8,825.5 32 19 2,336 234 2,621
Nov. 78 141 464 0 0 117 5 122

4,322 8,027 26,151.5 1,513 366 3,701 1,062 6,642

The following table shows comparetive figures for three years for
the period August 23 to October 31, this period including the most important
part of the fishing season.

1939 1940 1941
Nos of boats 2,803 2,464 3,758
No. of lines 5,278 4,629 7,005
No. of line-hours 19,006 16,709 23,319
No., of springs (large) 553 3.581 1,069
( jacks) 750 292 357
No. of cohos (large) 3,410 1.899 3,560
(grilse) 1.069 160 745
Total fish 5,782 3,472 5,731
No. of line-hours per fish 3.3 4,8 4,07

The number of anglers engaged in 1941 was apparently greater than in
either of the two preceding ysars. Cohos were undoubtedly much more plentiful
than in 1940 and spring salmon wersg also present in large numbers,

The fishery does not appear to have any serious effect in reducing
the size of the spawning runs to the Cowichan river,
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Trout Marking and Recoveries of Marked Fish

In continuation of the trout marking programme, desigzned to yleld
information regarding the movements of fish within the river system, the
tendency or otherwise of the various forms of Salmo gairdneri te go to sea
and the ineidence of hatchery-raised fish in anglers! catches, the following
liberations of marked fingerlings have been mede or are being completed:

Brood year Number Mark

Cutthroat 1940 921 Dorsal & adipose

. 1941 2,944 Both ventrals
Steelhead 1940 34,800 Adipose & right ventral

" 1940 2,976 Dorsal & left ventral
Rainbow 1940 2,976 Both ventrals
Kemloops 1940 109 Adipose & left ventral
Kamloops 1941 50,000 " x "

The marking of these fish, together with 23,000 spring salmon and
kokanee vhich were also releesed, represents approximately two monthst work
by an assistant with part time help by the investigator.

A number of records fran previous plantings of marked fish has been
obtained in 1941, by gill-netting, in treps and through the co-operation of
anglers. These, together with certain other returns, previously unrecorded,
are summarized herewith,

Cutthroat
Brood year Date & number planted Returns Date
1937 Apr. 1938 10,000 60 May 138 « Mar, 140
1938 Vay 1939 1,678 6 June '40 -~ Jan, '41
1939 Nov. 139, Mey '40 9,346 35 May 140 ~ Sept,.t4l

The returns have all been obtained from localities within a few miles of the
point of release but show local movements betwesen leke and river and bhetween
river and small tributaries, Growth is considerably greater in individuals
which have besen caught in the lake than in those from small streams., /[ few
ripe males have been obtained at two and three years of age.

Steelhsad
Brood yeer Date & number planted Returns Date
1938 May 139 7,613 14 Aug. 139 « May 141
1939 Sept.?39 & Mar,'40 35,445 28 July t40 - Aug. t41

1940 Dets 140 - Jan.'41l 37,776 12 Jen, 141 - Oot. 141
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All the above returns were from fresh water except one fish caught in brackish
water at the river mouth. Three of the recovered fish hed remained in fresh
water longer than the maxirnum period of two years which is usual for sea-running
steclhead in this river. Marked fish retuming from the sea may be expected

iz the river during the current winter,

Rainbow
Brood Yeer Date & number planted Returns Date
1940 Jan, '41 2,976 9 Apr. 41 - June ‘41

All were recaptured in the course of opera®’ons mear the point of release,
nene having reeched legal size.

Kamloops Trout

Brood yesr Dats & number planted Returns Date
1937 Apr. - Tuly '36 45,783 0 -
1938 Yay 39 281 0 -
1939 May ~ Nove 40 33,097 20 Septs '40 - Aug. *41

The twenty fish recovered to date were caught by anglers and in traps in
fresh water, Eleven had migrated into small streams and considerable di sperw
sion through the river system from the points of release was evident, The

number of returns is considered to be very small in comparison with the number
liberated.

Brown Trout

Brood year Date & number planted Returns Date
1937 . Lpre 39 303 53 Aug. '39 « Nov, t41

In view of the very low percentage of returns from other species of trout
planted in the Cowichan river and similer reports from streams elsewhere, the
recapture of over 17 percent of this small planting is of interest. Rapid
growth was shown by these fish, which were released at an average length of
five inches, An individual captured fifteen months later was nineteen inches
long and weighed three and a he’f pounds, Marked fi sh of both sexes appeared
in the spawning runs of 1940 and 1941 in small streams near the point where
they had been released in the river, All returns have been from within half
a mile of this locality.

<n additicn to the marking of hatchery-raised fingerlings, approxi-
mately 150 wild trout of larger size have been tagged during the past yeer as
opportunity offered., A number of subsequent records of these fish have been
obtained and will be summarized at a future date in connection with other tag-
ging operations,

Zfforts will bs made during the next few months to resover as many
as possible of the marked and tagged trout rreviously released in the river
system,
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Studies on the Steelhead Runs of the Cowichan River

The investigation of the status and life history of the anadromous
steelhead has been continued, through examination of scale samples and the
recording of anglers® catches.

During the winter season (Jenuery to March, 1941) anglers in
general were less successful then in the two previous years, on the basig of
number of fish caught per unit of effort involved. Availeble reocords show
thet one fish wes landed for an average of 5.8 hours of fishing, as compared
with 4,91 hours amd 3446 hours in 1940 and 1939 respectively. The raduction
in catch was epparently due to a relative scareity of fourth year fish, whieh
in previous years have constituted the greater part of the winter run.

Percentages of Age Groups

Lge in years 2 3 4 s 6
1938 o 3 75 21 0 (61 fish
1939 0 4 82 11 4 (82 v
1940 9 15 68 17 0 (147 » g
1941 1 15 41 40 3 (115 »

The average weight (9,39 1b.) was about 1 1lb. greater than in the two previous
years, due to the higher percentage of fifth year fish caught in 1941. The
reduction in number of fourth year fish is not considered to indicate any de-
pletion caused by overfishing, since observations show that the number of figh
taken by anglers in recent years has constituted an insignificant part of the
Tun.

Returned adults, grouped according to tho ege at which they had gone
to sea, show the following distribution:

Percentagos
1 year 2 years 3 years
1938 68.9 31,1 Q
1939 64,64 34,15 1.22
1940 53.06 46,25 0.68
1941 43,50 56.50 0

Observations on migrating fish indicate that the individuals which
go to sea as yearlings are usuaslly ebout five to six inches in length when
they leave the river. Most two year old migrants are between six and ten
inches long. Since the minimum legal length for anglers is sight inches, i¢
is evident that young steelheads arc wcll protected fram depletion by frash
water fishermon.

Steelhead fishing in the Cowichan river is practically confined to
the winter-run fish but a spring or summer run is known to occur in certain
other rivers and has been suspected in the Cowichan. The question was inves-
tigated by means of a trap installed at Skutz falls, which was visited daily
by the investigetor an? an assistant for epproximately six weeks. A hundred
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and fifty steelheads were caught between April 3 and May 12, these being
probably only a small percentaze of the fish passing this point. These fish
differed in certain respects from ths winter migrants, notebly in their smele
ler average size, silvery eppearance and in the relatively high percentage
which had spawned in a previous year, Average weight was 6 3/4 1lb. A high
proportion (84 percent) had migrated to salt water as two year old fish.
Scalss indicated that 8.1 percent of the males end 32.7 percent of the females
had spawned in & previous season; &s compared with a general average of ebqut
4 percent and 12 percent respectively for winter fish examined during the
last four years. Observations showed that many of the spring-running fish
spawn in tributeriss rather then in the main river., Little or no utilization
of the spring run is mede by anglers,

Ferris Neave No, 21

Studies of the Scales of Cowichan River Trout

In view of the desirability of estimating the age of individuel
fish with accuracy and ol determining the effect of physical comiitions in
the Cowichan river system on growth and habits of the fish, a large number
of scale samples of trout has been collected for detailed study in relation
to seasonal changes. This study is not yet completed.

An examination of approximately 850 scale samples indicates that
while annual "checks" occur, these are not formed during the winter months
in the case of trout inhabiting the river, Scale growth in these fish is
reduced or stopped during the pericd July to Septamber, when the water tem-
peratures arc at a maximum for the ycar., New growth commonly commences
between October and December and the scales continue to exhibit widely spaced
circuli throughout the winter and spring. Checks, therefore, though annuel,
do not coincide with years of age. Devia®tions from the seasonal eycle indi-
cated above are evident in the scales of spawning and spent fish., The find-
ings apparently apply to rainbow, cutthroat and brown trout living in the
river but it is not certain that fish dwelling in Cowichen lake and in emall
tributaries show the ssme scole changes.
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Cateh Statistiecs of the Herring Fishery during 1940-41

The colleetion of deily catch statistics by meens of Pilot House
Record Books wos continucds The object is to determine the quantity of herring
removed fram ecch arec and the fishing effort expended, TFrom these primery
data it is possible to colculate the availability of herring, or, the catoh per
scine per day's aotive fishing, Availebility figures are of considerable im-
portanee in tracing fluctuctions and trends in the Abundance of herring during
the period of fishing, both within & sceson and fram year to yonr,

The total catch in 1940-41 amounted to over 94,000 tons, a decrease
fram that of 1939-40 (150,000 tons). Of this, 23.3% wes taken from areas
north of Vamcouver island and 76.77 fran areas in the vieinity of Vancouver
island,

On the east coast of the Queen Charlotte islands herring were mest
availaeble to the fishermen at Burnaby Strait just prior to the date of closure
EMarch 18), The average availability was less than that in the previous year
31,0 compared with 42,2 tons per seine per day).

In the Prince Rupert area there was no run to Prince Rupert harbour
end the boats fished mostly at Union bay and Wark ¢hannel, The availability
(14,4 tons) wes much less than in the previous year (93.5 tons).

In the Butedale-laredo area, herring were caught during December
and January at Aaltanhash inlet, a new fishing ground. The Laredo inlet run
did not appear until after the beginning of March and good fishing was en—
eountered for but & ghort period prior to the date of closure (March 15).

The availability for the season (26,0 tons) was much lower than in the pre-
vious year (83.4 tons), Tishing during the late summer and early fall was
again tried, but with poor success.

The Bella Bella area was prospected during the fall and winter
and scattered catches were made in many localities, such as lLama passage,
Kwatna inlet, Spider island, ete, There was no lerge run to Kwekshua passage
and good fishing was encountered there for but one week., The aveilability
for the whole area wes low (6.0 tons).

In the Rivers-Smith inlet area, scattered catches were made from
FitzHugh sound, Rivers inlet, and Fish Egg inlet, and more regular catches
were)made from Smith inlet, The availability for the season was low (12.9
tans),

The low aveilabilities in ereas along the central and northern
coastline are ettributed to the failure of the runs to eppeer during the
fishing season, rather thon to a shorp decline in s2bundance of the populations,

In the Queen Charlotte sound area, the best fishing was encountered
at the head of Knjght inlet and in Clio ohannel, Scattered catches were also
made from numerous localities, widely-distributed over the area, Meny new
potential fishing grounds were prospected. The availabl lity (14.9 tons) was
x:w;ch less than in the previous year when the area was exploited for the first

me,

Fishing in the vicinity of Discovery passage was spasmodic, and,
although the 5,000 ton quota was epproximated, the availability (2647 tons)

was much less than in the previous year (60 to 70 tons). The arsa was ¢losed
on Dee. 17, '
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New grounds in the vieinity of Yervis inlet were fished during
Yamary end February, but with relatively poor results (8.2 tons). The
catches were made from Princess Louisa and Sechelt inlets..

Fishing on the south~east coast of Vantouver islend was more suo-
cessful than in the previous year and the quota of 30,000 tons was reached
and exceeded by Novs 25. 8ingle seines, operating at Nanoose bay and at
Stuart, Trincomall and Satellite channels , averazed 53.4 tons, compared with
34,2 tons in 1939-40, Their asctivities were temporarily halted from Oet, 20
to Oots 30 pending price settlement., Double seines, fishing chiefly in Swan-
son channel, showed &n availability of 100 4 tons, compared with 83.6 tons
in 1939“‘400

On the whole, fishing on the west coast of Vancouver island was
better in 1940-41 than in 1939-40 with an availability of 24.4 tons compared
with 18.2 tons, The total cateh, 25,103 tons, was still considerably below
the 40,000 ton quota, The availebility was higher in all individual areas
except Quatsino sound, where fishing was a failure. A feature of the season
was the “outside" fishing in Nicolaye channel, Kyugquot sound, during the week
of Deo. 8-14, In the Nootka area, most of the fish were caught in Tasis
inlet; in the Clayoquot area, they were mostly caught at Matilde ereek; and in
the Barkley sound area, fishing wes best at Effingham inlet.

A comparison of availability figures as calculated from daily cateh
records over the past five years with other data on population abundance
indicates that the availability figures reflect annual changes in the abun-
dance of the fishable population only when those changes are partieularly
great, Even under those conditions, availability figures mey be rendered use-
less as a measure of abundance of the total fighable population by major
variation in those environmental factors governing the time of appearance of
the runs and the ease of capture of fish on the grounds,

A..Lo Tester N NO. 23

Revision of the System of Colleeting Daily Gatch Reeorcds of the Herring
Fishery

The eollection of dally catch records of the herring fishery has
been underway over a period of eight years (1933-34 to 1940-41), During
thig period, various types of record sheets lve been used and various methods
of distributing and collecting these have been tried, In 1938-39 the resord
sheets, in duplicate, were bound together into Pilot House Record Books, In
1940-41, the Department of Fisheries undertook the distribution of these books
and brought some pressure to bear to aid in the collection of the records.
The books have proven to be popular with the captains of the seine boats, to
whom they are given, chiefly because they retain a permanent record of their
fishing activities, They have also proven to be highly successful, for in
1940-41, roeturns were made on 91.2% of the fish caught,
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Recently the whole system of di stribution and collection, now
proven to be workable, has been turned over to the Department of Figheries,
New Reecord Books have been printed at the expense of the Fisheries Research
Board and further improvements have been inc orporated. Zach book, bound with
a heavy cover, is numbered and the number of the book appears on each page,
as befores The record sheets are included in triplicate, a blue first copy
for the Fisheries Research Board, a yellow second copy for the Department of
Fisheries, and a white third copy for the fisherman. In addition to essen~
tial information such as name of boat, namec of captain, licence number, etc.,
space is provided for daily records under the following column headings: 1 -
Date; 2 ~ Timo of set; 3 — Cateh in %tons; 4 — Plant delivered to; 5 — Fishing
area number; 6 ~ Fishing locality; and 7 ~ Qemarks. Column 4 was included
at the request of the Department of Fisheries. Column 5 was included for
convenience in locating marticular grounds listed under Column 6, In this
regard, the existing salmon purse seine areas were found to fairly olosely
coincide with herring fishing areas and have been adopted. A map has been
ineluded in the Record Book showing the boundari es of these areas and the
number assigned to each, for the guidance of the fishermen. Detailed instruc-
tions and six sheets of carbon paper are also included at the front end back
of the book respectively.

The books are to be distributed to each seine beoat captain when his
licence is issued, and at the same time the captaints attention is called to
ways in whieh his records might be improved over those of the previous year
from data supplied to the Department by the writer, Instead of submitting the
records at irregular intervals as in the past, the captain is to send the blue
and yellow sheets to the Department of Fisheries at the end of each week of
fishing, In turn, the blue sheets are forwarded to the writer by the Depart-
ment,

It 1s bel ieved that the above system will work to the mutual ad-
ventage of all concerned. The form of the record sheets may be regarded as
final, unless additionel information is required by the Department of Fish-
erieg,

AL, Tester No, 24

The Sampling of Herring in Southemn 3B.C. in the 1940-41 Season

The sampling of lsrring catches provides material for studying
variation in the relative ebundance of successive year classes of fish by
means of length and age composition, and for detecting the presence of local
populations by means of racial charactszrs,

During the season. efforts were again made to sample the major
fisheries as completely as possible. A total of 86 samples, comprising 8,954
individual fish, were taken as follows:



-3

A,L. Tester No, 24
Fishing Spawning
Area Season Season

Strait of Georgia

Swanson channel (15) 1696 -
Gabriola island - 2) 190
Hammond bay - 1) 1lo
Nanoose bay (3) 286 1) 110
Bargain harbour - 1) 106
Discovery passage (3) e51 -
West coast of Vancouver island
Barkley sound (15; 1539 2) 220
Clayoquot sound (1 110 1 74
Nootka sound (12) 1320 2) 220
Kyuquot sound (9) 990 2) 220
Quatsino sound - 1) 110
Queen Charlotte sound
Head Rnight inlet 6 477 -
Minstrel is.~Bones bay 2 220 -
Retreat passage 2 155 -
Simoon sound 1 110 -
Belleisle sound 2 230 -
Mackenzie sound 2 210 -
(73) 7594 (13) 1360

Samples from Swanson ehannel were obtained through Ingpector A,
MeKinnon, Ladysmith. Those fream Nanoose bay and fram the west coast were
obtained from the Ucluelet and Nootka plants of the Nootke-Banfield Packing
Co. Ltd., and were exsmined by members of the staff operating tag detectors,
Samples from Discovery pasgsage and fram the Queen Charlotte sound area were
eolleeted, salted and shipped to the Station through the courtesy of Mr, T.
V. Hardy, Menager Alert Bay plant, B,C, Packers Ltd, Those taken during the
spawning season were from fish saught for tagging purposes by various staff
members,

Assisting in the sampling program were Drs, Hart and Boughton and
Messrs, McHugh and Quickenden.

AL, Tester NO. 25

The Length and ige Composition of Herring in Southern B.C. during 1940-41

These studi es are designed to trace fluctustions in the abundance of
successive year classes of herring in the catchus from the various fishing grounds,
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On several of the fishing grounds in the strait of Georgia and on
the west coast of Vancouver island, the herring were larger than in the pre-
vious two years, suggesting that in 1940-41 there had not been an unusual
addition of precociously mature fish in their second year similar to that
which had occurred in both 1938-39 and 1939-40. This was borne out by age
determinations. The average lengths were as follows: Barkley sound, 199.0;
Nanoose bay, 196.0; Kyuquot sound, 195.8; Nootka sound, 195.4; Swanson chan-
nel, 192.5; and Clayoquot sound, 184.1 mm, In general, the herring fram the
Quoen Charlotte sound area, except Retreat passage, wore small, but cor-
rections for salt shrinkage must yet be made.

The percentage age composition of herring in the various fishing
areas in 1940-41 follows:

Area IT IIT Iv v VI VII VIII X X+
Swanson channel 2.8 76,5 13.2 5.0 1.9 0.4 - 6.1 -
Nanoose bay 0.8 79.8 11.2 5.4 2.3 3.5 - - -
Discovery passage 6.4 39,3 43,0 4,0 4.8 2.4 - - -
Barkley sound 4.2 40.4 38.5 12.8 3.3 0.5 0.2 0.1 -
Clayoquot sound - 2.7 15.4 150 1.0 - - - -
Nootka sound 247 0.0 10.6 4,7 1.8 0.2 - - -
Kyuquot sound 3.4 0.7 10.9 2.6 1.9 0.4 9.3 - -
Head Knight inlet 2.4 16.6 22,0 3.2 40.3 5.1 84 1.0 . 3.3
Bones bay, etec. 13.6 51,4 21, 4,0 4,8 1.0 2.0 0.9 0.5
Retreat passage 11.9 33,1 18.6 6,4 12,1 0.4 &4 - 1.1
Simoon sound 65,6 30.4 2.0 1.0 - 1.0 - - -
Belleisle sound 6.0 172.1 4.6 2.2 6,0 2.2 5.0 1.9 -
Meckenzie sound 23.2 45, 17.4 2.6 B4 3,2 1.6 l.0 =

|
|

The large percentages of III's in most areas in the strait of Georgia
and on the west coast of Vancouver island indicates that the 1938 year class was
relatively rich. Two exceptions are Discovery passage and Barkley sound, where
in both 1939-40 as II's, and in 1940-41 as III's, the 1938 year class was rela-
tively less well represented than in other localities. The persistence of this
difference for two seasons is interesting and suggests the independence of the
populations.

The great variation in age composition between samples from different
areas in the Queen Charlotte sound area is worthy of note. II's dominated at
Simoon sound, ITI's at Bones bay and Clio channel, at Belleisle sound and at
Mackenzie sound, and VI's at the head of Knight inlet. In most areas, both
VI*s (1935 year class) and VIII's (1933 year class) tended to predaminate among
the older age groups. These same year classes predaminated last year as V's
and VII's in some areas. It was fairly difficult to make age determinations
from the scales of Queen Charlotte sound fish, particularly in the case of one
sample of very large herring from Retreat passage. In general, as was the case
last year, the herring from the Queen Charlotte sound area are older on the
average than those from older—-established fishing grounds in other areas.
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The Spewning of Herring in British Columbia from 1929 to 1941

Considerable time was spent during the year on summarizing the
information contained in the spawning reports submitted by fisheries inspec-
tors of the Dominion Department of Fisheries over a l3-year period, and on
preparing this information for publication. When campleted, it is proposed
to submit this to the ed'tor of the Board as a Bulletin,

AL, Tester No. 27

Herring Spawning Conditions in 1941

With The cooperation of the Dominion Department of Fisheries, her-
ring spewning reports compiled by fisheries inspectors were again collected
in the 1941 scason.

The data are presented in tabular form along with those of the pre-
vious year for comparison. Where available, informetion is included on the
time spread (dete of first and last reported spawnings), the intensity and a
comparison with that of the previous year (as estimated by the inspectors),
and the intensity index (e roughly quantitative moasurc of intensity cal-
culated from the reports in a manncr explained in the summary report for 1940),
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Victoria
Cowichan
Ladyemith
Nenaimo
Comox

Quathiaski

Pender Harbour
Strait of
Georgia

Barkley
Clayoquot
Nootka
Kyuquot
Quatsino

West coast of
Vancouver is,

Alert Bay
Rivers~-Smith
Bella Bella
Bella Coola
Butedale

Grenville-
Principe

Skeena

South Q.G.I-
North Q.C.I.

*inecluding Bute inlet, unreported in previous years.

Time spreead
1941

iBr.l 6'—-1‘4&1‘ 21
Fob,12-Fcbh.23
Jan,29-Apr.l2
Mer., 6-Mer,12
Mar. 3-Apr.l7

Mer, l-Apr.25
Mar. 9-Apr. ?

Feb,1l0~Apr.1l5
Feb.1ll-Apr.ll
Feb,1l5-Mar, 29
Febel2-Apr.l9
Feb,27-Apr. 6

Mare. 2-Apr.28
Mar, 7-Mar.20
Mar.l7-Apr. 6
Ver. 1-Var. 7

Mar,12-Apr, 2

Mar,l5~-approx.
Mar,l6-Apr.19

Mar,29-Apr, 5
end June
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Intensity

compared
with 1940

"similap®

"oqual®

much lightor®

" samc"

"lcss intensive,
more cxtensive!
"vory much lighter®
"inecreasge"

"increase®
"heavier"

"best in 5 years®
"light"

"heaviert

"increase®
"increasge"
"incresase"
"some increase"

"same"

"heavier!

"heavy"

—

———

No. 27
Caloulated
Intensity
Index
1940 194}
15 16
49 40
1018 403
548 290
324 882
135 503%
398 4171
24817 2601
223 389
365 183
214 140
39 30
94 101
935 843
1698 1424
1182 1555
8582 1146
307 57
624 465
1332 1210
192 ?

The spawning indices are considered to be only very rough quantita-
tive approximations but, in general, they are believed to be mors reliable

for yearly comparisons than the opinions of individuals.

Several cases of

leek of agreement between the stated comparisons and those shown by calcula~
tion from the data submitted may be seen in the table.
For the strait of Georgia, the intensity of spawning would seem

to be slightly greater than that of last year.

Included, however, is an

extensive spawning in the Quathiaski area at Bute inlet, a loeality whigh

may not have been covered in previous years,

The intensity was appreeiably
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heavier at Comox and Pender harbour and lighter at Nanaimo and Iadysmith than
in 1940, On the west coast of Vancouver island, the spawning intensity ap-
pesars to have been slightly less then in the previous year. It wes heavier
in Barkley and Quatsino sounds, and lighter in Clayoquot, Nootka and Kyuquot
sounds. The index was also lower in the Alert bay area than in 1940, 1In
most of the northern areas it was approximately equal to or slightly te avier
than that of the previous year. The usual summer spawning was not observed
in Masset inlet, north Q.C.I., although there is some reason to believe that
the fish spawned there,

Loss from storms and from the feeding of birds wes relatively low
in most areas, In the Alert bay area and alonc the central coastline there
were no birds present on several of the grounds, an unusuel event.

On several grounds in the strait of Georgia, spawnings took place
partly on bare rock rather than on seaweed,

A,L. Tester No. 28

A Proposed Study of Herring Spawning Grounds and Improvement of Surveys

Rollable estimates of the absolute size of the adult populations
supporting the herring fishery are highly desirable, and perhaps even es~
sential, for the suceessful pursuance of the herring investigetion towards
its ultimate goal--to determine whother or not close regulation of the fiskery
is bensficial and, 1f so, to determine the optimum catch which will produce
the maximum yield over a period of years, Rough cstimates have already beon
made from herring spawning ground surveys conducted by fisherics inspesetors
of the Dominion Department of Fisheries, but the adequacy of these estimates
is very questionable. It is unknown whether or not the surveys could be im-
proved to the point where they would yield estimates of sufficient accuracy
for the purpose, dbut an attempt at this is considered to be worthwhile,

Realizing thet there is a scarcity of funds for new lines of re-
search a2t the present time, it is proposed that a modest start be made as
soon as possible in investigating the spawning grounds and improving the
records, according to the following progremme:

1, Intensive scientific study of one or more typical spewning
grounds to determine the best methods to use, the sources of error and the
limits of accuraey in quantitative estimates of egs deposition.

2, The preparation of a series of photographs of egg depositions
of various intensities (determined by actual count) on various types of
vegetation for the guidance of fisheries inspectors and the stendardization
of their intensity estimates.

3. Standardization of the method used by fisheries inspectors in
estimating the extent of the grounds.

4, Compilation of a set of instructions for the guidance of fish-~
eries inspectors, and education by correspondence and by personal contact
as to the purpose of the surveys and the need for accuracy, completeness and
siandardizetion of method,
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5« Application to the Dominion Department of Fislk ries for further
sypport in making these surveys an essential routine duty of each fisheries
inspeotor; and in ensuring that all areas are covered as completely and ade-
quatsely as possible during the whole spawning season,

If the above programme is carried out, further information will be
available as to the feasibility of making estimates of population abundense
from spawning ground surveys, and at the same time steps will have been taken
towards the improvement of future records.

RECOMMENDATION: It is recommended that the spawning ground survey, as outlined
in this report, bec undertaken and that the Department be asked to cooperate by
extending and enlerging its field serviece so that all essential areas be ade-
quatcly covered.

A,L, Tester No, 29

Factors Bearing on the Regulation of the Britigh Columbia Herring Fishery
by the Quota System

In a confidential report to the Fisheries Research Board, the
Dominion Department of Fisheries, and the B.C. Provinciel Fisheries Depart-
ment, the biological infommation collected on herring over a five-year peried
of study was summarized, and its bearing on the regulation of the herring
fishery by the quota systom wes discussed. Much of the information contained
{n this report was drawn from the work of other members of the staff also
working on herring, but the author assumes responsibility for the general
interpretation, The report formed a basis for discussion of herring fishery
regulations at a meeting held at Vancouver on August 7 and 8, 1941. A summary
included in the report is reproduced here, with certain slight emendations:

Background
Catch rostrictions were applied to various fishing grounds in B,C.

in 1936 as a safeguard against & Trogressive decline in abundanse of the
populations, and were to last for a period of five years (1936~37 to 1940-41)
pending the results of further investigations.

The Integrity of the runs

Racial investigations: These give evidence similar to that of
previous years in regerd to the essentiesl isolation of the runs to major
areas and the probable presence of local runs within the major areas.

Tegging investigations: They largely confirm the results of racial
analysis, but give more definite information regarding the nature and extent
of interchange that is shown to take place., Interchange between major areas
amounts roughly to about 5%, and between individual areas on the west ooast
of Vancouver island roughly to about 35% on the average, The latter veries
between arcas and betwecn years. The Discovery passage area is supplied in
part by fish which spawn towards the northern part of the streit of Georgia.
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Fluctuations in catch and aveilability

These have been more pronounced on the west than on the east coast
of Vancouver island. The east coast fishery has been fairly stable and
limited by the quotas. The west coast catch declined to a low level in 1938-
39 and then increased to some extent. The restrictions have not greatly
limited the catch on the wsst coast.

Fluctuations in the runs of spawning fish

These have been studied by the use of spawning reports which are
neither particularly accurate nor complete, tut represent the best information
thet 1s at present available, In the strait of Georgia, fluctuetions in spawn
deposition have been independent of fluectuations in cateh and availability
over the period., On the west coast spawn deposition declined to 193%7~38 and
then increased slightly in subsequent years. On the average, spawn deposition,
and hence the spawning population, has been much less on the west than on the
east coast over the period.

Estimate of the spawning populations: This estimate is obtained by
calculation from spawning reports, making several assumptions. The results
indicate that the spawning populations are not particulerly lerge and that
fighing mortality averages about 447 of the total adult population on the east
coast and 627 on the west coast. The estimete is only as accurate as the
spawning reports.

Fluctuations in age eomposition

Fish in their second year have been relatively abundant on the east
coast and relatively more abundant on the west coast; they represent an
unusually early addition of new recruits and their presence on the west ceast
is not necessarily related to the decline in the catch. Age composition of
the Quatsino run has been basically different from that of other west coast
rUns.

Age composition in terms of abundance: This is calculated from
estimates of total abundance of adult fish. On both the east and west coasts,
recent year classes may be placed in the following order of deorsasing magni-
tude: 1938; 1937; 1936, However, all three were less abundant on the west
than on the east coast and this is theo reason for the decline in the latter
area, coupled with the action of the fishery. Thers appears to be no direct
relationship between the quantity of eggs deposited and the size of the
resultant brood from ycar to year, but there are indications that in any one
yoear the more eggs deposited the greater will be the resultant brood, but not
neoessarily proportionately so.

Action of the fishery
This has been to greatly sccentuate a downward fluctuation primarily
due to the presence of poor yvear classes on the west coast.

The feasibllity of the quota system

Biological justification for the quota gystem hinges on the extent
to which increase in the gpawning population increases the abundance of the
resultant yeer classes. This is 1llustrated by calculations. Pending the
eollection of further information on this peint, continuance of the quota
system, with further trials at stabiligation, seems worthwhile.
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Revision of quotas

If i¥ is decided to continue the quota system, this section dige
cusses possible boundaries of areas and possible sizes of quotas for each
major fishing district of British Columbia.

The integrity of the conclusions arrived at in this report are
dependent on the accuracy of the spawning records and on certain assumptions
that have been made in connection with them. The calculations of population
abundance are admittedly rough approximations with practically unknown limits
of acouracy, but at the present time they represent the best information that
is available, The possibility of improving these records ie discussed olse-
where.

AL, Tester No. 30

"Belly burn" in Nanoose bay Herring

On Oct. 31, 1941, the Department of Fisheries requested information
oen the nature and extent of feeding of herring at Nanoose bay. Since the
onset of fishing, about the middle of October, the fish were said to deter-
lorate rapidly (within 12 hours) because of the development of "belly burn®
due to the presence of "red feed® in the st amachs, thus rendering the fish
unfit for canning.

The feeding was investigated on the evening and morning of Oct, 31~
Nov. 1, Nov. 3-Nov, 4 and Nov. 7-Nov. 8, using the Fisheries Patrol Boat
"Vanidis", Samples were taken and examined from as many different sets as
possible,

"Belly burn” is presumably the result of the continued action of
digestive ferments or enzymes present in the intestinal tract after the death
of the fish, and is charecterized by softening, reddening end ultimate retting
of the flesh adjacent to the stamach. The "red feed" was found to consist
of Euphausids, a common food of herring. However, it is rare for herring to
feed during the fall and winter, only three other instances having been
encountered in over ten years of sampling.

In all, 19 samples each consisting of 100 fish and each from a
different set were examined. The results are summarized in the following
table:
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Oct. 31-Nov, 1 Nov. 3-Nov, 4 Nov. 7-Nov, 8
P.M. AM, PM. A.M, P.M. A.M,
Number of sets
sampled 2 3 6 4 1 3
Av. percent, of
stomachs empty 82.5 93.7 933 97.5 929.0 99,7
Av., percent, with
trace of food 245 2r] 3.0 1.2 0 0.3
Av, percent, 1/4-
full or more 15.0 3.6 3.7 1.3 1.0 0
Av, volume of
contents per
100 fish (mi1,) 33.0 7.0 7.2 4.0 1.0 +

There is evidence, although not conclusive becauss of the great
variation between individual samples, that more food is pressnt in the
evening than in the morning catches. If this could be rroven, "belly burn"
might be reduced by having the fishermen concentrate on the morning fishing,

The results demonstrate that the feeding condition was gradually
abating during the course of the study until finally it hed practically
disappeared. Other samples, taken by Dr. R.V. Boughton at the Imperisl
Cammery give similar indications, There is reason to believe that feading
was much more extensive and the "belly burn" comdition much more acute in
the catches made earlier in the month,

The sample in which the largest percentage of fish had food in
tYheir stomachs (20%) was kept in a pail for several days anmd exemined at
intervals, After 12 hours, and agein after 36 hours, there was no outward
sign of "belly burn" on any of the fish. After 84 hours, it was evident in
those containing food, and was most pronounced in those with the largest
quantity of food present in the stomach. It is practically oertain that
the condition develops more rapidly than is indicated by these results when
the fish are subjected to rressure, as would be the case with those at or
towards the bottam of the load in a boat-hold. Possibly spoilage would take
place less rapidly if the fish were transported in scows.

As samples taken on and after Nov.3-4 contained sueh small quanti-
ties of food, 1t seems unlikely that on and after that date any great dif-
fioulty would be encountered fram "belly burn" in holding the catches for a
reasonable length of time prior to cannings Should the feeding again become
pronounced, it is recommended that the investigation be resumed,
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Local Populations of Herring in B.C, as Revealed by Vertebral Data

An article is being prepared for publication bearing a title gimilar
to the above, and embodying all of the material whioh has been collected to
date in B.C. waters,

One conclusion, which is impoertant in direct ing research werk along
the most profitable channels, is that racial studies of this type are useful
in making preliminary general surveys to determine whether thare is evidense
of lack of interchange between groups, but that they are of doubtful value in
vielding information on the degree of isolation or the stability of partioular
groups. For this reason, the collection of vertebral data from runs in
southern waters has becn di scontinued, thereby materially reducing the time
and labour involved in sampling and subsequent analysis. Further considera~
tion of the data may roveal that sufficient genereal information is available
from northern waters to likewise discontinue the collections,

A complete summary of the sonclusions will be ineluded in the sum-
mary reports for 1942,

A.L. Tester and R.V. Boughten No. 32

The Relationship of Water Temperatures to the Variation in Mean
Vertebral Count of Herring

It has generally been assumed that the gredation along the coast in
mean vertebral number of herring is influenced by the water temperatures
existing during the embryonic and larval stages of development. However this
has been difficult to prove for there has been a laek of reliable information
on water temperatures, A spawning sample taken from Masset inlet in the Quesen
Charlotte islands illustretes an exception to the general gradation and adds
to the evidence that water temperature is one of the rrimary factors responsi-
ble for the gradation, '

Samples, with the exeeption of the one taken from Masset inlet,
were taken in random rout ine sampling of the commercial cateh. For the west
coast of Vancouver island data are given for Barkley sound amd Quatsino sound,
The data for northern waters have been grouped into four main areas: Southern
central, Northe rn Central, Northern, and the Queen Charlotte islands with the
exception of Masset inlet for whioch the data have been treated separately.

Dailly tempereture and salinity records are available for ssveral
stations along the coast for the yvears 1940 and 1941, The stations include
Amphitrite light at the entrance to Barkley sound; Kains island light at the
entrance to Quatsino sound; Ivory island light in the ¢entral aree; Prince
Rupert harbour in the northern area, and Shennon bay in Masset inlet,

The average vertebral counts for the 193437 year classes inclusive,
the approximate latitude and the average temperature and salinity over the
period of spawning and early devel opment are given in the following table,
Temperature and salinity date are not available for the south-east coast of
the Queen Charlotte islands,
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No. 32
Av., Vert,

Area and station Count Latitude Av, Temp. Av, Salinity
Barkley sound Lo
Amphitrite light 51.840 48°551 10.0 16,0
Quatsino sound :

Kains island 51,875 50°30¢" 10.0 16.2
Southern central

Ivory island 52.090 51°40°" 8.7 16.5
Northern central

Ivory island 52,188 52°401 8.7 1645
Queen Charlotte is. 52,109 52°40¢1

Masset inlet

Shannon bay 51,186 53°45¢ 15.4 11,7
Northern

Prince Rupert 524325 54°201 2.9 16.0

From the table it may be seen that, apart from one major exgeption,
there is a general gradation between vertebral count end latitude, The major
exception applies to the Masset inlet fish and actually involves all four year
classes, although the data for separate year classes are not presented, That
latitude is no a primary factor responsible for the gradation along the coast
1s shown by subjecting the data to statistical analysis, ®xcluding the
Masset inlet data, the positive correlation between mean ¢ ount and latitude
1s high amd significant (r = 0.96; t = 7+6); including the Messet inlet data
there is no significant correlation ( r = 0.05; t = 0,11),

The abnormally low counts a Masset inlet may be explained on the
basis of higher water temperatures mrevailing during an abnormally late
periocd of spawning and larval development (June 20 - July 15). 1In contrast,
the main period of influence for the west coast of Vancouver island can be
considered to extend fram about Mareh 1 to April 15, and from about March 15
to April 15 for the central and northern areas and the east coast of the
Queen Charlotte islands,

It can readily be assumed thet water temperatures during the period
of embryonic and larval development at Masset inlst would be higher than thosge
fran other areas under discussion, particularly when the difference in 8 pawn~
ing time is taken into consideration. Temperature data for the pertod 1934-37
are not available, The only records on hand are those for 1940 end 1941, which
are years not represented by vertebral data, However, L1ff both the vertebral
data and temperature data are averaged they may be considered to approximate
general conditions, That temperature is a primary factor responsible for the
gradation along the coast is shown by the negative coefficient of correlation
between mean vertebral count and mean temperature being very high and signi-
ficant (r = -0,98; t = 15.6),
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The results then give evidence that the Presence of the gradation
in mean vertebral count of herring with latitude is a secondary relationship
arising from the primary inverse correlation between mean count and the tem-
perature prevailing during the plastic period of embryonic and larvel develop-
ment.,

The mean salinities included in the table appear to vary independ-
ently of mean vertebral count, and are not considered further as an environ-
mental factor influencing in any marked degree the number of vertebree in the
backbone.

The work is now in preparetion for publication,

ReV. Boughton No. 33

Oomparisons of the Average Length and Age of the Herring Cateh in
Northern B,C,

Sampling of the commercial herring catch has been continued in the
northern waters of B.C. during the past seeson, The purpose of the investi-
gation is to trace natural fluctuations in agbundance caused by variation in
the strength of successive yeer classes, The general scarcity of fish led %o
extensive scouting operations and resulted in a number of new lacalities being
fished for the first time. A total of 43 samples, containing approximately
4700 fish was taken from both fishing and spawning grounds frem various
localities throughout the northern waters of the provinee during the past
season. Sampling necessitated three months work in the field, Routine
examination required determinations be made for length, weight, sex, age and
vertebral number,

The areas exploited were as follows! first the central area in
which the major portion of the catch was taken, from Aaltanhash inlet, Laredo
sound, Smith inlet and Klemtu passege; second the northern area where
practically all the catch was teken fram Union bay; and third the Queen
Charlotte islands where fish were taken from Burnaby strait, Lagoon bay, Alti
inlet, and Bigsby inlet, Aaltanhash inlet, Union bay, Alti inlet and Bigsby
inlet were areas from which herring were taken for the first time,

Distinet differences occurred in both average length and age be~
tween samples from the three major areas and considerable variatien oocurred
between samples fram different fishing grounds around the Queen Charlotte
islands and in the central area, In average length the samples may be ar-
ranged in the following order: Bigsby inlet 205.8 mm.; Burnaby strait 190.0
mm, ; Klemtu passage 185.0 rm.; Union bay 184.0 mm. ; Iagoon bay 180,8 mm.;
Smith inlet 167.4 mm.; Aaltanhash inlet 164,3 mm.; and Bella Bella 149,2 rm,
The great variation between localities is evident.,

Differences in average age are also apparent. These are illustrated
by the following figures giving average and daminant age groups (latter in
brackets); Bigsby inlet 5,3 (IV); Burnaby strait 5.3 (IIT); Klemtu passage
4,3 (IV); Union bay 4,2 (IV); Ab1{ inlet 4,2 (IIT); Leredo sound 3,8 (III;;
Iagoon bay 4,2 (III); Smith inlet 5,1 (ITI); and Aaltanhash inlet 3.4 (1T
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Comparison of average length and age with samples examined last
year is only possible in five cases. With the except ion of the Klemtu passage
herring, which have always varied in average length amd age from year teo year,
the data i1llustrate that there has been a decrease in average length and age,
This decrease is shown by the following figures (average age in brackets):
Union bay (ecampered with Prince Rupert harbour) 184,0, 194.3 (4.2, 5.1); Larede
sound 181.9, 199.7 (3.8, 5.5); Burnaby strait 190.0, 202.7 (5.3, 5.7); Lagoon
bay 180.8, 188.4 (4,1, 4.2); and Klemtu passage 185.0, 143.7 (4.3, 2.5).

Examination of the data from previous years may possibly discloss
the cause of the deersase in average length and age during the 1940-41 season.
Previous studies suggest that in 1938-39 there was a premature entry of herring
belonging to the younger year classes into the cammercial fishery, Fish
belonging to these same year classes apparcutly failed to return in normal
numbers in 1939-40 (possibly duec to fishemmen capturing a large proportion in
1938-39)s The partial failurc of these younger year classes in 1939-40 in
all probability aceounted for the ineressc in average length and age of the fish,
Data for the 1940-41 season suggest that herring bel onging to the younger year
olasscs again entered the fishery in large numbers which resulted in a general
decrease in average length and age when compared with the 1929~40 geason,

R.V. Boughton No. 34

Racial Gtudics (Tength-weight Relationships) on Herring North of
Vancouver island

Differenees in length, weight and age relationships are being
employed to supplement the work on vertebral counts and ege composition, with
a view to procuring additional evidence of the extent of intermingling of her-
ring runs north of Vancouver island. The affirities of the Aaltanhash inlet
run to the other major herring muns adjacent to the mainland (namely Laredo
sound, Smith inlet and Union bay) has not been clearly shown by stmdies on
vertebral counts or age comvosition. Vertebral studies have not demonstrated
lack of extensive intermingling between the runs to Aaltenhash inlet and
Iaredo sound, Evidence that intermingling is limited or absent betwsen the
run to Aaltanhash inlet and those to Smith inlet and Union bay hes only been
elearly demonstrated for one year class in each case, In the case of age
camposition significant differences occur between individual semples from the
Aaltanhash run, This variation mekes the task of comparing differences a
difficult one, Length~weight studies, however, clearly demonstrete the in-
dividuality of the runs under discussion. Figures for the aversge lenzth and
weight at each ege follow:
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Locelity IT IIT Iv v VI VII VIIT X
length
Smith - 154,6 165.0 172,4 172.9 175.7 180.6 190,.2
Laredo 173.1  184,3 191.4 197,1 204,1 208.1 211.0
Union 145,6 171.6 183,6 194.0 200.3 206.3 214.,5 221.0
Aaltanhash 134.,4 165,7 188.0 199.5 205.3 215.5 2162 223.5
weight
Smith 43,3 5343 60.0 61,4 65.1 7049 84,2
Union 30.7 5643 7046 84,5 92,5 102.7 113,9 115,0
Laredo 6409 79!7 95-8 9908 11206 12103 125'5
Aaltanhesh 25.7 57.9 94,6 116,1 124,6 144,3 148.4 166.4

All areas show a distinet rate of growth., With the exception of
the III year old group, fish of a given age fram Aaltanhash inlet are longer
and heavier than fish of the same age fram Laredo seund. Union bay fish are
outstanding in being lighter, but nevertheless longer (except in the IIT's
and IV's) at all ages than fish frem Laredo sound, Herring in the northern
areas rarely enter the commercial fishery before they are three or four years
old. Such groups of fish, therefore, would only migrete to feeding grounds
characteristis of the run the following spring. Because of this one would
not expect differences in length and welght Yo be as great or consistent in
the younger sge groups as in the older age groups. This condition then may
account for the exceptions mentioned ebove in the ITT snd IV year old fish,.

Differences in the length-weight relationship may be further
emphasized by comparing the "condition" 50 = 1,000,000 weight) of the fish
at different ages. Figures obtained length3°3 )
for the varieus runs were as follows:

Locality IT ITI v v vI VII VIIT X
Union 2,24 2,44 2.39 2.44 2.35 2.36 2.31 .11
Smith 2,58 2.56 2.50 2.54 2.61 2.53 2.53
Laredo 2,69 2.66 2.83 2,68 2.69 271 2.68
Aaltanhagh 2.49 2,73 2.96 2.98 2,92 2.88 2.92 2.94

The table clearly illustrates that significant differences in condition
occur between the four major runs. Consistent differences, in fact, are so
apprarent that extensive intermingling between the runs is unlikely,

Analyses of length-weight and age relationships will be continued
in the future since additional information may be gained on the extent of
intermingling of the various herring runs,
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Racial Studies (Vertebral counts and Age Composition) on Herring north
of Vancouver island

Racial data are being used to supplement the results of tagging to
determine the extent of intermingling of the various runs north of Vancouver
island. Work being undertaken at yresent includes comparisons of vertebral
ceounts, age composition. and length-weight relationships. Length~weight
studies are embodied in a separate report.

The data at hand indicates that intermingling of herring is
limited or absent between runs to the major areas, namely, the Queen Clarlotte
islands (which includes runs to Burnaby strait, Lagoon bay, Atli and Bigsby
inlets), the Central area (including runs to Klemtu passage, Smith inlet,
Bel%a Bella, Iaredo sound, and Aaltanhash inlst), and the Northern area (Union
bay).

Within the central area the affinities of the Aaltanhagh run are
obscure. Evidence thaet intermingling is limited or absent between the run
to Aaltanhash inlet and those to Laredo sound ani Klemtu passage is not avail-
able from vertebral data, TFurther; vertebral data are insufficient to dis-
close the true affinities between runs around the Queen Charlotte islands.
Sampling of the catches in that area has never been adequate, consequently
vertebral counts to date have been based on small numbers of fish.

Studies In age composition, however, suggest the isolation of all
but one of the runs sampled. The following table gives the percentage age
composition of the runs sampled during the 1940-41 season.

Locality II i % 4 v v VI VII VIII X+ Av.
Union bay 1.2 28,3 42,2 14,6 749 445 0,8 043 4,2
Aaltanhash 48,9 14.0 10,8 5.8 8.1 543 4,8 2.4 3.4
L&I‘edo 61&8 18-0 606 61\4 409 158 0-3 308
Bella Bella 68 30 13,0 2.0 1.0 4,0 344
Smith 2.3 13.8 €e6 14,6 8.4  15.6 3.8 5.1
Klemtu 0.1 8.5 2.6 12,7 12T A 1.3 4.3
Burnaby 31.8 26,7 6.4 10,6 12,4 5.0 649 4,9
Lagoon 9.3 42,0 20,6 10.3 3.7 2.8 1.9 5.6 4,2
Atli iOQE 3400 6"2 1003 301 4vl 200 4‘2
Bigsby 1.9 446 34,3 17.1 18,4 224 965 7.6 5¢6

From the tabls it is evident that the runs adjacent to the mainland
have distinet di fferences in thelr age composition and therefore may (except
for the Aaltanhash run) be considered as 4di stinect units or groups. In the
case of the Aaltanhash run,however, significant differences occur in age com-
position between individual samples. These variations make it diffioult to
compare differences in age compositiocn,

In the Queen Charlotte islands di fferences in age composition also
suggest the isolation of the four runs sampled, Statistical comparison
between the runs to Lagoon bay and Atli inlets, which lave the same average
age, indicate that thers is at least a 200 to 1 chance against extensive
intermingling,
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Differences then in either vertebral counts or in age composition,
or in both these cheracters indicate that intermingling was either limited
or absent between the various runs under discussion, with *he exception of
the one to Aaltanhesh inlet. This run fomms a tunique group and no definite
conclugion can be made (ses length-weight studies), either on the basis of
vertebral counts or age composition.

Racial studies will be continued in northern B.G. in an effort to
determine, the extent of intermingl ing between runs, fluctuations in abun-
dance, and to provide essential data necessary for the control of the fishery,

JoL. Hart, A.L. Tester and J.L. McHugh No. 36

The insertion and recovery of herring tags in 1940-41

The programme of herring tagging and tag recovery, designed to
yield information on the movements of herring and the existence and stability
of loeal populations has been continued. The methols were the same as those
described in previous reports and involve the use of internal metel belly
tags and the recovery of these by means of magnets in the meal lines of re-
duetion plants and induction detectors which isolate the tagged fish from
conveyors., The results for the 1940-41 season have been published in detail
in the Report of the B,C, Fisheries Dopartment, 1940, but ere reviewed herc
briefly.

In all of the recoveries made by tag detectors and in some of those
made by magnets, the Tishing ground from which the fish bearing the tag was
taken is known with certainty. In meny of the recoveries made by magnets,
however, there is some doubt as to the origin of the fisk and it has been
necessary, as in previous years, to determine the most probable plsce of
eapture from an impartial consideration of the origin end tonnage of fish
processed prior to the date of recovery.

The following conclusions and comments ariss from the results:

l. The results give additional evidencs that for practical pur-
poses the herring of major ereas, viz., the east coest of Vancoaver island,
the west coast of Vancouver island, Queen Charlotte =cumd, the central coaste
line and the northern coastline, may be regarde’ as seperate units with but a
smll extent of interchengc between them, This is shown by the following
sumary of the results:
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General locality of recovery

) o o o a o

oy ol + :_D‘ I" t é
£4 £ B e ot ) 2
2B pe = 2 8 % 5B
83 838 B 8 ¢ o 8 f?ﬁ
58 ©8 £§ ® oo k3 S8 &@

g 5} od g HE ng = ]
General locality of tagging E z *"”z -f?: 8 Sg .E'B' 2 Sg o
e 2 o ﬁ(: ng E§m 8c> 128 é%ﬂ QIi

West coast of Vancouver is, 399 —— —— e 1 — e 10
East coast of Vancouver is, 6 24 11 2 1 —_— - 4
Discovery passage — — 8 8 - _— e 2
Queen Cherlotte sound —_— —_ —— 240  —- —_— e 10
Central British Columbia 1 —— — —— 41 — — 3
Northern British Columbia —— —— — — 2 6 1 3
Queen Charlotte Islande — — — e e —— 3 e

This table indicates thet 96 percent. of the tags were recovered from the
same general area In which they were inserted. The results for Discovery
passage are included to show the interrelation between fish caught in this
area and those from the strait of Georgia and Queen Charlotts sound,

2, The following table shows that on the west coast of Vancouver
island there is a tendency for tags to be recovered from the same arees in
which they were used, elthough considerable interchznge tekes place.

Io=2lty o recovery

§ g8 ;
ALy g¢ 8
ol By 0o (o]

oWt o 5 & =
Qg 'gop e 3@ ES o
Locality of tegging ‘§8 5‘%% zggg 53 g,g 8%
Barkley sound 86 - 4 5 -
Sydney inlet znd Clayoquot sound 25 & 10 5 - -
Nootka sound and Zsperanza inlet 21 6 76 29 - -
Kyuquot sound 9 7 22 40 = -
Quatsino sound 1 - 4 19 3 1
Outside West Coast 5 - 2 - - 347

It may be caleulated thet of the 399 west coast recoveries 232 or 637 were
recovered from the same tageging areca, or, if Nootka sound-Esperanza inlet-
Kyuquot sound is considered es a unit, 283, or 71% wers recovered from the
same tagging area, Of particular interest is the large number of Quatsino
sound tags recovered from Kyuquoet sound, chiefly from “outside" waters. How-
ever, calculations indicate s lower conecentration of Quatsino tags in Kyuquot
sound fish than in the few *omns actually caught in Quatsino sound,
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3. Tags taken on the east coast of Vancouver island were rela-
tively fewer in number than might have been anticipated from the tonnage of
fish caught. This is related to the small quantity of fish reduced and the
large quantity camned. In the latter rrocess, many of the tags are either
lost or are camned with the fish, for thers are very few magnet recoveriss
from the offal.

4, There is additional evidence that fish spawning on strait of
Georgia grounds, rarticularly thbvse in the northern portion, contribute to
the fishery at Discovery passage, A moverent of fish tagged on spawning
grounds near Discovery passage to Queen Cherlotte sound fishing grounds is
indicated but not proven, owing to the doubtful nature of some of the re-~
coveries.

5o Apert from the movement indicated above, the Queen Charlotte
sound herring may be regarded as di stinctly independent of those in o%her
ma jor areas. There is evidence of a tendency to form loeal popul®tions in
various sub-areas of the sound.

6, The relatively low number of returns from central and northern
British Columbia is due to the small tonnage of fish reduced.

7. The results for the Central area are in keeping with those of
last year in indicating tags inserted near Kwakshua rassage were mostly
recovered fram that same fishing ground and those inserted near Leredo inlet
were mostly recovered from Laredo inlst. The status of the population at
Aaltanhash inlet, a new fishing ground, is uncertain.,

8, In northern British Columbia, the indications are that some of
the fish which spawned in Big bay and Dunecan bay were taken later in the Wark
canal and Union bay.

Tegging

The tagging during the 1940-41 season was cont inued and a total of
24,471 tegs were inserted. Towards the close of the fishing season, 1,197
tags were used on the south-cast coast of Vancouver island. During the
spawning season, tags were used as follows: strait of Georgia, 4,947; Queen
Charlotte sound, 200: west coast of Vancouver island, 9,759; central British
Columbia, 5,877; norihern British Columbia, 2,491. Tagging in the Discovery
passage and Queen Charlotte sound arecas wes disappointing, the former because
of a comparative failure in herring spawning in the aren 2nd the latter bo-
cause of unfortunate timing of the tmgging trip through the arse.

Seine boats used in tegging were loaned through the courtesy of
British Columbia Packers, Ltd., and the Cenadian Fishing Company, Ltd.

The investigetion has cnjoycd the following helpt! R.V. Boughton,
togeging; L. quickenden, tagging and installing equipment; Miss A, Russell,
filing and tebulating rccords; temporery help comprising thres boot crews
for about a month during the tagging period,
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The investigation is boing continued in the 1941-42 season to
oxtend knowledece of the movements of herring in localities in which the werk
has not been extencsive or concerning whosc stetus there is considerable doubt,
It should be pointed out that with the large quantities of herring being
cenncd, the number of tags rccovered and tms the amount of information ob-
teined, will doubtless bz less than in previous yeers,

J.L. McHugh No. 37

Studiesg on young herring

The work on young herring has been tentatively brought to a close
and the results obtainzd so far brought together in two papers prepared for
publication.

Examinations of the vertebral number and growth of young herring
lead to the following caments: (1) Significant differences in average
vertebral number which tend to remain constant from year to year can be
demonstrated between the young from different spawning grounds in the strait
of Georgia. Partial segregation of these groups throughout their life would
tend to preserve such differences. In a fishery such as that carried out in
the Saltspring island area, where many of these groups are undoubtedly ex-
ploited, it is evident that lack of complete intermingling increases the
difficulty of sampling the fishery. (2) A relationship was established be-
tween date of hatching and mean vertebral number for fish hatched in Departure
bay, suggesting that groups hatched earliest have the highest number of
vertebracs (3) Within a sample, the largest fish tend to have & higher number
of vertebrae. Since it is likely that many of the samples examined are the
result of single spawnings, the individuals in each must have daveloped undsr
almost identical envirmment2l conditions. It is thersfors more probable that
the phenomenon is caused by differences in inherent developmental rate than by
environmental factors. (43 As in adults; the variation in mean total count
between localities is made up almost entirely of a difference in the mean
abdominal count. Within a sample, however, both abdaminal and caudal counts
vary, and an increase in total count produces a disproportionately large gain
in meen caudal count. This must also be an effect of variation or inherent
developmental rate, since the caudal count varies 2bout the same mean in
almost all samples., (5) A disproportionate rise in mean tail vertebras in
individuals having higher %otal counts has been observed within 2 sample,
Between samples, the tail count may differ significantly where no difference
in total count exists, and it is thus possible that this character might bde
used in separating populations. ‘ X

The following comments are based on the study of vertsbral variaw~
tion or abnormality: (1) Vertebral abnormalities can be classified according
to general type. (2) Mcst abrormalities are bilaterally assymetrical, (3)
Exemination of various stages in the development of the young shows that
abnormalities of the "complex-centrum® type do not occur in very early stages
and suggest accordingly that they are a consequence of subsequent fusion,

(4) Herring populations di ffer siznificantly in the freguency of occurrence
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of abnormalities, The proportion of these seems highest in samples with
relatively low average vertecbral numbers and since vertebral number is knowmn
to vary inversely with water temperature during early development, tempersture
may be & factor in the production of fused centra, (5) Abnormalities of the
fusion type tend to occur most frequently in the region of the twentieth
vertebra, and this appears to be associated with differential growth in the
vertebral column

(This report prepared by Dr. Hart in the absence, on leave, of Mr. McHugh) .
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The pilchard fishery in 1941

From the points of view of tonnage landed and catch ver seine heat
the season of 1941 was highly successful.

The season was characterized by the smell size of the fish which
were taken by the fishery. A mejority of the fish were less than 230 mm, in
length. The radieal change indicated by this condition is emphasized by
consideration of the fact that in several yeers practically no fish were less
than this length,

The abundance of fish wes evidently due to two features: (1) the
existence of two or more abundant yesr classes of young fish, and (2) the
suitable hydrographic conditions which mads these young fish available to the
fishery at younger ages than would otherwise have been the case,

The prognosis for the fishery, while improved in view of the good
season just experienced, is still uncertain and hinges around the actual
abundance of the small pilchards which were certainly highly available during
the 1941 season, If the fish were really as abundant as their high avail-
ability away fram the recognized center of sbundance would indicate, they
should usher in & series of good years. If on the other hand, the availability
depended largely upon fortunate hydrographic conditions alone, the absence
of large fish——of what would formerly have been regarded as normal size——must
still be regarded as a donger signal. As pointed out elsewhere there is
reason to hope thet the fish of the 1939 year class are really abundant, If
this is really the case, they should start demonstrating their dominance in
the fishery in 1942 or 1943.

J.L, Hart No. 39

Sampling the pilchard catch in 1941

Pilchard sempling was continued at Kildonan and Hecate during the
season of 1941. The downward trend in length observed over the last four
years wes continued as is shown by the following figures.

Year ¥ales Femeles
m. mo
1937 248.0 252.0
1938 246.4 251,0
1939 241,0 245,4
1940 23647 241.9
1941 220.0 222.0

The declina in size of the major group of fish supplying the fishery is not
80 greet as that Indicated since the averages were brought down by the
presence in the fishery of & secondary group of small fish with lengths
eentering around 200 mm. The central tendency for the ma jor groupe is 225
mn, for males and 232 mm. for females,



“ 8§ -

T.L, Hart No, 39

Grouped according to fishing areas the samples again shew differe
enoes with latitude. In the following list the esreas are cited frem south
to north from the Washington coast to north of Esteven point on Vancouver
island.

Fishing Meles Fem=les
area mm, mm,
X 207.24 202,83 21 semple)
X 227.67 229,92 (2 samples)
XI 215.41 217.41
XII 226.85 229.97

The di fference between arcas XI and XII (where most of the cateh was made
and which are best represented by samples) results from both en increascd
representation of the secondery group of small fish in XI and & lower central
tendency in the major group.
The numerical preponderance of males observed for the first time
two seasons ago has continued. The sex ratio was 1 male to €.966 females.
Through co-operation with the United States Fish and Wildlife
Service, age diagnoses are to be made on a large sample of scales collected
in connection with the lenzth sampling programme. The results of these
determinations will be made available to the Board in due course.

J.L. Hart No. 40

Availability of pilchards to fishermen

As in former years data have been supplied by the fishing industry
eoncerning the activities of pilchard seine boats, Calculations based on
the data show that the average catch per seine for the season was approxi-
mately 2,350 tons (not including boats operating for part of the season only),
on the west coast of Vancouver island, This estimate of availability may be
compared with that of former years in the accompanying tabulation?

1941 — 2350 1937 —- 1500 c.
1940 -- 1175 1936 ~ 1520
1939 ~ 210 1935 — 2220
1938 — 2150 1924 —— 2120

A certain amount of pilchard fishing was carried out in the area
north of Vancouver island during 1941. The camplete date are not yet at
hand for the fishing but partial returns indicate that availability was conw
siderably lower thers.
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Pilchard tagging i

|

The pilohard tagging programme has been reduced by dropping pil-
chard tagging from'the commercial catch. This was done for two reasons: (1)
Examination of the results indicated that fish taken from commercial seines
in open water are not, for the most part, in suitable condition for tagging.
(2) Beonomy of effort, The mwogramme at present consists of: (1) attending
to the recovery of tags put out in former years or by other organizations, and
(2) of tagging small pilchards in inside waters, It is recommended that
tageing in outside waters off the British Columbia coast should not be under—
taken in the future without special equipment.

The following table summarizes the tag recoveries:

Tags considered Place of recovery
British Columbia Washingion California Total

Oanadian Tags

1938 —— — 1 5 1

1939 b 1 - 1

1940 1 1 —— 2

Spring 1940 i —_— — 1
("Homesteader")

Oregon Tags 1 — e 1

California Tags 18 —— - 18

g o

24

Three of the Califoraia tags have been out for a full four years.
The approximate times out for the California tags are as followsy four
years,- 3; three years,~ 6; two years,- 6; one year,- 3.

The comparatively low number of California %tags per thousand ton
of fish (0.4) as compared wita last year (1.4) is believed due to two causes
(1) less satisfactory recovery and (2) the predominance in the catches of
small fish in which the concentration of tags was low.

Tags put out so far during 1941 comprise 1000 tags put in pilchards
of the 1939-~year class at Pender harbour. The work is in progress at the
present time and it is hopsd that it will be possible to tag several other
lots of 1939~year—class pilchards in other localities around the strait of
Georgla,

J.Le Hart No. 42

Young pilchards in British Oolumbia

During the early summer of 1940 there was a phenomenal invasion
of British Columbia waters by pilchards of the 1939 year class, The avail-
able information on these fish was swmmarizsd in the Summary Reports for 1940
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under the headings, Survey, Canvass for information, Sampling and Tagging.
Advantage has been taken of all opportunities to study young pilchards in
British Columbia weters and the results are presented briefly herewith.

Sampling. The measuraments of young fish may be regarded as bel onging to
18 samples as follows: ]
Length (central

Date, 1941 Source of sample tendency or renge) mm.
Jan., 6 Seanica inlet {dead) 148

Jen, 8 Pender harbour (dead) 158

Jan. 27 Brentwood (dead) 151

Feb. 22 Narrows arm 165

Feb, 22 China Hat 160

Mar, 6 Gabriola bluff 163

Mar, 9 Kendrick amm i76

June 1 Barkley scund 104, 146

June 2 Barkley sound 109

June 2 Sydney inlet 170

June 7 Nootka 170

June 8 Hesquiat 173

June 14 Barkliey sound 112 (range 106-162)
June 17 & 10 Barklay sound 105-169 (range)
June 23 Neutchatlitz 180

July Barkley sound (ccmmercial) 186

September West coast (commercial) 200 ¢,

Nov, 20 Pender hgrbour 200

The most interesting inference from these data is that again in 1941 there was
an immigration into British Columbia waters of II-year pilchards. This is in
line with the report of Mr. McHugh and a reliable fisherman that pilchards

"of the year® were observed in herring catches made during the winter of 1940-
41, The immigration evidently did not occur on anything like the same scale
as that of the previous seeson and after the first few catches the young fish
disappeared. Fish of the 1939 year—class were again widely distributed around
the coast as is indicated by the variety of localities from which samples
have been obtainable. Growth rates under existing conditions c¢an be estimated
but the results are not capable of general application. Comparisons of
growth rate between east and west coast samples are not in order because of
the existencs of two groups of 1939 fish of different sizes on the outside
coasts These are not separeble in our data. Age estimetes have been checked
by Dre Walford who visited the Staition for the purpose of examining the
material on hand.,

Mortality,. The mortality of young pllchards will be dealt with in another
report (Dr. Foerster e% al.)», It is sufficient here to state that the mor-
tality ocourred, and to call attention to the following remark in the Summary
Report for 1940, "...interest attaches to reports from thres soursss of
pllchards being stranmled and killed in fresh wat r creecks amd on tide flats."
Early in November, 1941 conslderable numbers of pilchards were stranded and
killed on the tide flats @t The head of Pender herbour, It will be interest-
ing to see if this occurrence iz again the precurscr of & general mortality.
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Abundance of the 19%9 year class., In the Summary Report for last yesr it
was reported that attempts to have Mr, J.B. Paillips of the California State
Fisheries Laboravory extend his young fish survey into northern waters had
fallen through, Since that time J.L. Hart has had the opportunity of discus-
sing the matter with Mr, Phillips. Mr, Phillips reports that in 1938, which
was evidently a very good one for young pilchards, he saw and recorded in the
course of a month's cruise 818 schools of fish estimated to contain 4,400
tons of pilchards. It is the author's opinion based on personal observations
and on discussions with fishermen that a similar cruise between the mouth

of the Columbia river and Cape Scott would have led to the recording of many
more schools and greater tonnages, This would suggest that the 1939 year
class of fish is really abundant ané should contribute meterially to our
fishery. The conclusion should, however, Le drawn with reservations due to
the method of estimation and to the unknown and unpredictable effects of the
mortality whicl. occurred during the winter of 1940-41, Mr. Loyd Royal of the
Weshington State Lepariment of Fisheries reports that large numbers of dead
pilchards were brought up from open water by otter trawlers., This means that
by no means all of the mortality will have been readily observed.

Tagging. The tagging cf young pilchards is recorded in the Summary Report
dealing with pilchard tagging.

FO&I‘S%GZ‘, ROEI No. 4}

The mortality of young pilchards

During early January heavy mortalities occurred among pilchards
frequenting Pender harbour and Saanich inlet, in the strait of Georgiae.
Exemination of affected fidr disclosed no external wounds, only very definite
red, hacmorrhagic areasz on the skin, in many cases the blood oozing out from
underneath the scaies, No internal lesions were noticed except for a highly
inflemed gut and haemorrhaged muscle tissue. TField studies of environmental
conditions were made and specimens submitted to Dr. Duff for bdacteriological
and pathological examiration,

This phenomenon has been reported in Progress Reports No. 48,
indicating the tentative conolusion that an adequate supply of food was lack-
ing, which led to & lowering of the general metabolic condition and a lower-
ing of resistance to bacterial infection. Death presumadbly occurred due to
the necrosis and non-functioning of liver and other organs and/br the failure
in the oxygen supply to the tissues because of extensive hemolysis and loss
of blood.

Assisting in making field observations were Drs. Pritchard, Tester
and Boughiton, Mr, Tully conducted numerous water sample analysis in the
field and Dr., Duff made bacteriological and pathological studies both on
samples subml tted to him at the University of British Columbia and also in
the field,
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Ling cod tageing

The ling cod tegging programme suffered during 1941 as a result of
the involvement of personnel with the herring tagging and recovery programme.
In consequence, the number of fish tagged was comparatively small,

Considerable time and effart was expended in devising a new type of
tag which was adaptable to ling cod. The strap tags which had been used
during the first two seasons were found to be not dependable for congistent
results. On some fish the tags appeared to be very effective, but on others
(slnce the opercular bones of a ling cod are thin in spite of the large size
of the fish) the bone was eroded away until the tag wes on the point of
being lost, and meny tags no doubt were lost in this way. Several of the
accepted tagging methods were tried on fish confined in a bait box. Ths
most satisfactory method was found to be a new one involving the use of a
tag made from a nurbered strip of red celluloid bent into a cirele which
overlapped itself by about one half a turn. These tage were placed around
the maxillary bone (which forms the upper jaw) which is obviously too heesvy
to be eroded away. Data accompanying the returns of this type of tag used
on freed fish indicated that the rate of increase in weight, and honce, by
inference, the fesding are not impaired by its presence.

Only 168 fish werc tagged during tho scason. One hundred and
fifty-six of these were tagged with the new type of celluloid tag, 151 on
cormercial fishing grounds. TFrom these 16 returns were made, This indicatos
a recovery rate of more thsn 10 percent in the first nine months which
compares favourably with the general rete. The recoveries medse since the
preparation of the last Summary Reports continue to indicate small movements
ag being the rule for ling code Of the 33 recoverizs for which the data may
be considered 14 show no movement, 16 show little movement, and 3 show con-
slderable movement——this in spite of the fact that errors in reporting
localitios of recovery will give falsc indications that migration has taken
placs.

J'.L. I'I&rt No' 45

Ling cod sampling

Sampling the commercial eatch of ling cod is practically impossible
since each catch differs from every other depending on the grounds visited by
the fisherman in the course of his trip. The ling cod sampling progremme
depends therefore upon the fishing for scientific purposes, end it hes, ac-
cordingly, like the tagging programme, suffered &s a consequence of the
distraction of effort to the herring tegging programe,

The results obtained may be analysed on the basis of large fish
(more than 1000 mm. in length) end small fish (less than 540 mm., in length
or 3 pounds in weight) caught in the strait of Georgia in general and caught
in the closed area of Saanich inlet as follows:
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Percentage 1000 rm, Percentage 540 rm,
or more (c.24 1b,) or less (c. 3 1b.)
General area 0 2l.4
Closed area 20 0

In view of the small number of specimens involved, the similarity between
these data and those for last year is mors striking then the differences, and
the new records cen be regarded as largely confirmatory of the earlier ones.

J.L. Hart No. 46

Fecundi ty of lingz cod

The relationship of fecundity of ling cod te size and hebitat has
a definite bearing upon the conservation of the species and, accordingly,
upon the administration of the fishery.

The smoothed data from a rreliminary study of the relationship
dbetween egg number and size in ling cod from the commercial grounds in the
strait of Georgia gave the following indicetions:

Length mm, Weight oz, Egg no.
800 180 100,000

950 315 225,000
1100 500 350,000

From these figures it is evident that while the length of the fish increzses
38 percent, weight increases 163 percent, and egg nunber increases 250 per-
cent, Further investigation will be necessary to improve the accuraey of
these estimates and to discover whether they hold on over-populated zrounds,

J.L. Hart No. 47

Ling cod stetistics ana questionnaire

The available ling cod statistics are of little biological signi-
Ticance. It is, accordingly, proposed to introduce & system of collecting
ling cod stetistics which will give adequate information on the exact locality
of fishing and upon the fishing effort required to produce the recorded
catch. TFor former years, and for general informetion, it is proposed to
obtain informetion by a questionnaire submitted to fishermen., While the
questionnaire is being circulated it is rroposed to include inquiries of a
soclological and technicel nature, I% is intended to visit fishermen personally
as far as possible and to assist them with filling in the answers. A conden—
sation from the tentative form of the questionnaire follows:
l. TFisherman: name, address, racial origin, netionality, ege, sex, married?
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no. of children, years of experience in the ling cod fishery, general
localities fished in different years.

2. Boat: name, length, breadth, draft, tonnage, engine, power gurdies?,

has the boat 2lways been the same since the fisherman fished it?, if not,

what changes have been made?, has the fisherman always used the same boat?,

if not, describe former boat(s) as per above, what increase in ability to
cateh fish does the fisherman consider resulted from the changes made in re-
gard to boats?

3« Crew: does the fisherman fish alone?, any change in this regard, sex

of assistant, fishermants estimate of the value of assistant in actually pro-
ducing more fish.

4, Gear: line, weights, spreader bars, number of hooks per spreader bar,
kind of hooks, length and weight of leader, bait, leal line, spoons or other
artificial lures, what changes have been made in the fisherman's practice in
regard to each of the above?, what increase in the ability to cateh fish does
the fisherman consider has resulted fram whatever changes have been made?,
what ideas hag the fisherman about other types of gear.

5. TFighing grounds: what fishing grounds have been exploited by the fisher-
man in each year of his experience?, time spent on each one, to what extent,
if any, has the fisherman had to travel farther in successive years in order
to maintain a satisfactory catch?, has the fisherman found it necessary to
fish for longer hours or harder to maintain a satisfactory catch?, changes

in size of fish caught on various grounds, are certain grounds noted for fish
of certain sizes?, does the fisherman have any knowledge of nursery grounds
for young ling cod.

6. Condition of the fishery: what is the fisherman's opinion concerning the
condition of the fishery with details of specific grounds and of different
types of grounds (reefs vs. beach fishing) as far as possible?, if the con-
dition is considered unsetisfactory what does the fisherman consider the cause
of the difficulty?, if the condition is considercd unsatisfactory wheat remedies
does the fisherman recommend?, if the condition is considered satisfactory
does the figherman consider that control measures are necessary to maintain
the fishery in that condition?, what suggestions has the fisherman to offer
about the practice of killing the ling cod for liver and discarding the car-
cass?

7. Collection of stetistics: for the purposes of investigating the ling cod
it is desirable to obtain as complete a record as possible of the catch with
data as to the size of the fish caught, the number of fish caught, place the
figh caught, and the approximate day fish caught. what suggestions hasg the
fisherman to offer as to the most effective method of collecting this informa-
tion, teking into consideration the understandable reluctance of the fisherman
to broadcast the details of his fishins activities.



- 59

J.L. Hart and J.L. McHugh No. 48

The smelts of British Columbia

A bulletin has been prepared on the four specles of smelt found
in British Columbia, covering the identification of the species, life history,
cormercial and other uses, and the condition of the fishery. Two of the
species dealt with, the capelin and the long-finned smelt are of no commercial
importance, and no protective measures appear warranted. The supply of silver
smelt or surf amelt appears to have declined but the rresent regulations are
probably sufficient to provide for continuance of the supply of fish at the
present level., The availability of eulachon has been the subjsct of consider-
able variations, some, if not all of which, appear to have been the conse-
quences of natural fluctuations. In order to obtain clearer knowledge con~
cerning changes in the availability of eulachon in the Fraser river a more
complete system for collecting statistics has been introduced.

With the exception which follows it is recommended that direct work
on the British Columbia smelts be stopped. The eulachon, like the Pacific
salmons, dies after spawing, and the dead fish drift downstreeam in large
numbers. These fish appear to be in good condition and it is likely that they
are so since the current is swift enough to carry a passive object from the
spawning grounds to the sea in less than twenty-four hours. It is proposed
that provided the work can be done without serious inteference with ma jor
investigations an examination be mede of (1) the feasibility of catching large
quantities of dead eulachon, and (2) the suitability of the dead eulachon so
captured for (a) food for fur bearing animals on fur farms, (b) reduction.

It is evident that, if the dead spent fish can be used in quantity, consider-
able economic grin would be echieved without possible repercussions to the
econscrvetion of the fish.

J.L. McHugh No. 49

The collection of eulachon catech statistics

The collection of eulachon catch statistics was begun as part of
the response to & request fram the Department of Fisheries for advice con-
cerning the advisability of acceding to certain suggestions from a section
of the fishing industry vhich, if followed, would have led to a great increase
in the take of eulachon from the Fraser river, No dependable information
bearing on the present ar former abundance of eulachons was available or could
be derived from the catch statistics on file. It was, accordingly, suggested
to the Department that catch records be collscted in such a way as to give a
clear indication of the effort expended in meking the eulachon catch. With
such statistics as a basis enleculations of availability of fish can be readily
made. It is recognized that avallability and abundence are not synonymous,
but they are undoubtedly related, and to date e better measure of abundence
then aveilability has not presented itself for situations where it is not
possible to meke counts of the fish.
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Daily records filled out by the fisherman and collected by the
Department of Fisheries heve permitted “he calculation of the amount of figh
caught by 1CO square fathoms of ne: in an hour, which is regarded as the
catch per unit of effort., The following analysis of the first year's fishery
illustrates the type of information which is available through the collection
of such statistics: Inr 1941 fishing on the Fraser began on March 16, and the
catch per unit of effort remained relatively low (less than 30 1b.) until
April 10. By April 20 the eatch per unit hed risen to more than 200 lbs., and
it remained preater then 150 1b. until May 3. After May 5 the catches were
negligible (less than 10 1b. per unit).

(Prepared by J.L. Hart)

J.L. Hart No. 50

Anchovy Fishing

For many years the anchovy has been a sporadic entrant to British
Columbia waters. Recently they have been exploited on the west coast of
Vancouver island and have supported a substantial minor fishery. As the
species appear to be capable of representing some 40,000 dollars in good
years, it was decided to collect data on it when this could be done without
interfering with the investigations of more valuable species.,

The sampling work so done has demonstrated the status of the anchovy
populations present in British Columbia waters during the last two years: In
the early summer of 1940 anchovies of the 1939 year class in the company of
pilchards of the same age invaded the strait of Georgia and the inlsts on the
west coast of Vancouver island, supplying minor fisheries on both sides of
Vancouver island. In 1941 anchovies of the 1940-year class entered the west
coast inlects end formed the hasis of a considerable fishery. In our rather
sparse date therc is no indication of anchovies of this year class in the
strait of Georgiz and the samples exsminod appeared to be drawn from the
remnants of the fish which entered the strait in the previous year. The
rogular occurrence of sccond year esnchovies on the west coast of Vancouver
islend cannot bec dependecad upon. A large proportion of the anchovies resent
in 1939 werc of the third year group (F.H.C. Taylor Surmary Reports, 1939)
end in some semsons anchovies 2re not observed in British Columbie waters.

There is evidence of breeding in British Columbia waters in 1941,
as a school of fish-of-the-year was observed in Barkley sound and the identi-
fication confirmed by the capture of one specimen 56 mm. long with a bucket.
Although anchovies are known to spamn and produce young in loecal wavers, it
is not believed that the supply of fish depends upon local spawnings.



- 61 -

7.L. Hart No. 51

Albacore Fishery

The fishery for albacore is one of unknom but pessibly large
potentialities for British Columbia, Deta on the Canadian landings can be
exchanged for similar infometion from American investigators and conse-
quently make available to the Board the results of very extensive and costly
studies,

Data now on hand show that most of the Canadian catch came from
off (25 mi.) the Washington coast, although same of it originated from as
far north as cape Cook on Vancouver island. One semple which was measured
had an average length of 27 inches (to the fork of the tail), and an average
wgight of 12.6 pounds.

At the present time the Canadian catch is in cold storage pending
processing. It is hoped to carry out tentative arrangements (1) to measure
the fish, and (2) to make food studies, when the fish are removed fram storage
prior to canning. The extra time involved in carrying out the whole investi-
gation should not amount to as much as one week.

J.L. McHugh No. 52

Studies on the Rocky Mountain whitefish

The work on the Rocky Mountain whitefish has been completed and the
results have been presented in three reports, two of which have been submit-
ted for publication, and the third of which is on file at the Pacific Bio-
logical Station.

Food studies (published in 1940) showed that although the species
1s essentially a bottom fesder with a preference for insect larvae it will
turn to whatever available food it can handle. As they compete for food with
end take the eggs of other species of fish, the desirability of introducing
it in any body of water must be considered in view of the other species pre-
sent,

Growth rates vary with locality and can be related with the alti-
tude and temperature of the habitat. Fest-growing individuels tend to
maintein their superiority in growth rats throughout their existence. Slow-
growing populations eventually reach a maximum length similar to thet of the
fast-growing fish, and, accordingly, reach a greater age.

Biomotric studies of Rocky Mountain whitcfish show the specics to
vary considerably in body proportions with locality and =2ge, Taxonomically
the spocies is in neod of 2 revision for which tho data on file should prove
of groat wvaluc.

(Prepared by J.L. Hart).



- 62 =

R.E. Foerster No. 53

Dogfish tagging

Due to the increasing value attaching to dogfish (grayrish) becauss
of the high vitamin A content, its exploitation has notably inereased. In-
formation was desired concerning the migratory habits of the fish to determine
whether the populations were more or less restricted to certain areas or
whether such migration occurred that the same populetions were fished in var-
ious areas during the season, ‘

Early in June Mr, Paul Parizeau was engaged to conduct the work under
the writer's direction and immediately commenced a study to determine what
type of tag might best be used, Strap tags applied to the caudal fin and to
the dorsal fin were tested, also eelluloid disk tags affixed by metal silver
pins to the back below one or other of the dorsal fins and in the snout region,
The disk tegs appeared to be most suiteble and the snout the most desireble
locetion as there appearcd to be less growth, also movement, in this region than
along the dorsal area.

From set lines operated off Departure bay during the first half of
July a total of 86 dogfish were caught, tagged and releascd, while 22 individ-
uals wore obtained and tagged at Deep bay, above Qualicum. At this time of
the year most of the commercial fishing was done by sunken gill nets and sup-
plies of fish suitable for tagging were not readily available. Threo tags from
these tosts have already been returned, one fram Demrture bay taken in the
north arm of the Fraser after onc monthts freedom, another from Departure bay
rocovered off point Grey three months after tagging, while the third, tagged
at Decop bay, was retaken in that samo area threc months lator,

Iate in Novembor another tagging program was commenced, this time
in the genoral vieinity of Saltspring island, and Swanson channel. Arrange-
ments here were made for a tagger to accampany a regular dogfish fisherman and
select a certain number of each day's catch, as it was taken off the hooks,
for tagging and release. If funds permit, this tagging will be cont inued at
intervals throughout the winter and spring. Tt is anticipated that in the
course of his ling cod tagging work, Dr., Hart will be able, also, to tag dog-
fish taken on the ling cod gear, thus swelling the body of tagged dogfish in
the strait of Georgia for subsequent recovery,
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Ferris Neave No. 54

Natural Propagation of the Japanese Oyster in Ladysmith Harbour

During the spawning season of the Japanese oyster (i.e. from
June to the end of August) field observations were carried out by Mr.
D.B. Quayle, the present writer being also involved during ‘the latter
part of the summer.
Extensive natural spawning took place in July and by August 5
it was estimated that 65 percent. of the individuals in the bay were
spawned out. The progress of larval development was followed through
the examination of daily plankton samples. Growth and survival were con-
sidered to be satisfactory until a late larval stage was reached and by
August 12 numerous larvae had attained approximately full size. In spite
of this, only a very light spatfall resulted and though the number of set-
ting oysters was undoubtedly greater than in the four previous years, pro-
pagation must be regarded as another failure from the eommercial standpoint.
Throughout the summer daily records of water temperatures, chlori-
nity, pH, oxygen, e€tc., were obtained but no correlation has been established
between any of these physical or chemical conditions and the failure of the
larvae to spat.

Ferris Neave No. 55 °

Experiments in the Pond Propagation of Japanese Oysters

Further sttempts were made to propagate Japanese oysters in a
lagoon, the entrance to which was closed by a dam. The set-up is described
in a summery report, 1940.

The dam was closed on July 14, a large population of oyster lar-
vae being impounded. Physical and chemizal conditions were recorded daily
{or more frequently) at five stations in the lagoon and at depths from sur-
face to bottom. Regular plankton samples were also taken and examined.
Very warm weather was experienced during the ensuing week and water temper-
atures reached 85°F. Larvae remained nwaerous until July 18, when heavy
mortality apparently occurred. The oxygen content of the lagoon water was
reduced to an exceedingly low point by July 18 and much mortality was ob-
served in fishes, crustaceans and polychaetes. The dam was opened on July
22 to permit renewal of oxygen supplies and removal of some of the products
of decomposition.

On July 31 and August 7 stimulated spawnings of oysters took
place in the lagoon, the discharge being particularly heavy and prolonged
on the second occasion. No larval populations of any magnitude resulted
from these spawnings.

The lagoon experiments were undertaken in view of the oppor-
tunities afforded for a careful study of the physical and chemical condi-
tions attending larval development or mortality in a small and well-defined
system, in contrast with the complex and constantly changing environment of
the bay. Two special difficulties, however, were encountered:
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(1) The great reduction in oxygen content during the course of the
first experiment.

(2) In the stagnant water of the lagoon the eggs after emission
tended to sink and form an ooze on the bottom instead of
being buoyed up and dispersed by currents. Such a condition
is probably unfavourable to development.

In view of the very large amount of field work which has been carried
out over a period of yea.o: in attempting to determine the cause of larval
mortality, and the lack of success which has attended it, it is felt that
it would not be profitable to continue this investigation along the same
lines. It is suggested that small-scale laboratory experiménts under care-
fully controlled conditions might yield more information than further attempts
to analyze the complex conditions obtaining in the sea. The experimental cre-
ation of fevourable conditions for lavrval development might render feasible
the production of spat on a commercial scale in tanks.

Ferris Neave No. §6

Statistics of the Commercial Clam Catch

Catch statistics are essential to an understanding of the present
conditian of the clam fishery, the potential future condition and the man-
ner in which production should be regulated. In order to indicate~trends in
productivity, statistics should provide information on (1) quantities of
clams taken annually from the various areas involved (2) the effort expended
in obtaining them. Data on these points have been gathered from the follow-
ing sources: Records of the Department of Fisheries; records of companies con-
cerned with the canning of clams; special report forms, distributed to all the
clam~-buying centres, providing for a record of the clams produced by each dig-
ger and the number of digging tides involved. Such forms have been in use
for three years and efforts are being made to cover all areas as completely
as possible during the present season. Generally speaking, records for
1940-41 were considered satisfactory and an analysis of the results will be
available shortly.

Ferris Neave No. 57

Clam Preductivity as Tested by Latin Square Plot Experiments

In order to obtain infommation on the productivity of clam beaches
and the relation between production and frequency of digging, experimental
plots were established in 1938 and treatment of these has proceeded according
to the plan devised at that time. Euch square consists of twenty-five plots,
five plots being allotted to each of the following digging treatments. (1)
Twice a year (2) once a year (&) every second vear (4) every third year (5)
only at end of the experimental period. All clams above legal size are re-
moved at each digging and the total weight and other data are recorded.
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These experiments have now been in progress for more than three
of the six years over which they were planned to extend. No analysis of
results has yet been made and in view of the length of time required for ob-
servations on treatments (4) and (5) the main conclusions must await the end
of the experiments.

It is hoped that a study on a larger scale of the effects of dig-
ging operations in relation to productivity may be possible at Seal island,
near Comox. This area, which has been closed to diggers for three years, now
supports a heavy population of clams. The opening of this area, under con-
ditions specified by the Board, would enable the effect of experimental re-
gulation of production to be observed.

Ferris Neave No. 58

Determination of Age and Growth Rate of Clams

Conclusions regarding the degree to which clam resourees are being,
or should be, exploited, should depend in part upon a knowledge of (1) the
age at which clams attain legal size (2) the age composition of the commercial
catch over a series of years.

Evidence as to age may be obtained by (1} plotting of size frequen-
cies (2) examination of growth lines on the shells (3) direct observations
on marked individuals at suitable intervals of time. A large amount of data
has been obtained by each of these methods but still requires further analysis,
Samples of the commercial clam catches from all the main areas were obtained
in 1941 and many additional samples were dug from specific beaches by Mr.
Quayle, who also concluded a series of experiments on the growth of marked
clams retained in pens under different conditions. Evidence was forthcoming
of wide variation in the growth rate of clams fronm different beaches. It also
appears probable that clams from the northern waters of British Columbia re-
quire, on average, about two years longer to attain legal size than those from
southern areas.

Material on hand will be worked up and the composition of the com~
mercial cateh will be investigated again during the current season.
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Natural Propagation of the Butter Clam

While heavy digging operations are generally believed to have been
the main cause of recent low production in southern areas, the possibility
that other factors may contribute to considerable fluctuations in the annual
cateh should be considered.

Comparatively little is known concerning the conditions under which
the butter clam spawns, wthile the larva has not yvet been identified with cer-
tainty. Field observations by lir. Quayle have suggested that the occurrsnce
of heavy annual spawnings should not be accepted as an unquestioned fact, and
that the incidence of certain recent yeer-classes in the clam populations of
various localities is very low. Attention should be given to the effect of
natural fluctuations in the annval production of young clams as well as to the
depletion caused by human activities.

It is proposed to investigate the spawning and early life history
of the butter clam and the relative abundance of different year-classes.

D.B. Quayle No. 60

Seasonal Infestation by Teredo, in Relation to Control Measures

Teredo infestation of wooden structures such as wharf piling,
dolphins, breakwaters and floats and of ships' bottoms is one of the most
aggravating and costly problems besetting marine interests.

Certain logging companies in British Columbia and Washington have
adopted the use of explosives as a means of rreventing or reducing the de-
struction caused by teredo (Bankia setacea). As a result of certain experi-
ments by the Olympic Forest Products Company of Port Angeles, piling there is
treated with charges of dynamite within three months after the piling is dri-
ven. Further treatment is given at intervals of three months for the first
year, after which yearly treatment is considered sufficient. At Ladysmith
B.Cs, the practice is to give dynamite treatment once per month. Beneficial
results are claimed in both localities but it is evident that the procedures
adopted are not based upon any real knowledge of the action of dynamite ex-
plosions on teredos, the minimum forece necessary to produce mortality or the
frequency with which the explosive force should be applied. Further, little
is known concerning the effect of explosives upon the fish and shellfish life
in the vicinity of the treated structures.

Efficient treatment should probably be related to the time of set-
tling down of the free-swimming larvae. The seasonal incidence of larval
setting is now being investigatad experimentally at six localities on the
coast of Vancouver island. In each instance, wooden blocks are immersed at
three different levels. They ars removed and replaced at intervals of one
month and three months and will be examined for the degree of infestation exe
hibited.
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Daily Seawater Observations

Since 1934 daily observetions of the temperature and salinity of
the sea water have been made at a number of exposed and sheltered locations
on the British Columbia coast.

The data from stations in exposed positions are required to pro-
vide a record of the surface oceanographic conditions which may be used:~ .

l. As a general reference, similar to the meteorological records.

2. As a means of determmining the duration of typical conditions
in coastal wa'ters, which have been examined in detail by dy-
namic surveys.

3. For comparison, and where possible, correlation to meteoro-
logical conditions.

4., TFor comparison, and where possible, correlation to the fishery.

The data from the stations in sheltered positions arc required:-
1. To measure local phenomena of interest to some specific investi-
gation, (pink salmon, shellfish, ete.)
2, To demonstrate the differencc between local and general conditions.

The system of investigation may be briefly outlined as follows:-

Cases of sample bottles are sent to each observing station, where
the observer takes a sample of the sea water at depth of three feet (with a
specially designed apparatus) each day, and notes the temperature. Then &
case of bottles is filled (about three months) it is returned to this statinne.
where the salinities of the sez water samples are determined (by titratian),
the bottles washed, etc., and returned to the observer. Co-incidentally the
meteorological records of precipitation, air temperature, cloudiness, and wind
direction and force are obtained from the meteorological service. These data
representing two sea water, and five meteorological observations are smoothed
by seven day running averages, to eliminate the lunar cycles, and are plotted
as functions of time,

The process of smoothing and graphing the data is necessary to
eliminate the large daily fluctuations and to present the data in a visual
form in which they are readily compared.

It should be noted that there is @& delay of about three months
while the cases of water samples are being filled, and a further delay while
the samples are being analysed, the calculations made, and the graphs pre-
pared. A4S & consequence the completed records are usually about six months
behind the actual observations.

The expcsed stations are generally located at suitable lighthouses
and the services of the lightkeepers as observers, have been arranged in co=
operation with the Department of Trausport. The sheltered stations are oper-
ated by observers already in the service of the Board, or by arrangement with
local persons.

For illustrative purposes, the stations now in operation are listed
with the data when observetions were started, and the mean annual temperature
for 1939 and 1940« The records for 1941 are not yet complete.
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Station Location Duration Mean Anﬁual Temperature
1939 1940
EXPOSED STATIONS ~ Pacific Ocean S oF
l. Amphitrite Barclay sound Aug. 1934 to present Not 52.0
complete
2. Nootka Nootka sound Aug. 1934 to present 50,7 S52.3
3. Kains island ‘Quatsino sound Jan. 1935 to present 5062 ° 50.9
4, Cape St. James Queen Charlotte July 1934 to present £349 48.3
islands-south
5. Langara Queen Charlotte Sept.1940 to present No record Not
islands ~ north complete

Inland waters

6. William head Juan de Fuca Jan. 1921 to July 49,1 Not
strait 1940 complete
Race rocks n April 1941 to pre- No record No record
sent
7. Entrence island Georgia strait May 1936 to present 50,9 52.8
8. Capec Mudge i " Nove 1936 to present 1.7 ot
complete
S« Pine island Queen Charlottc Jan, 1936 to prescnt 47,0 49,1
strait
10. Ivory island Milbanke sound July 1937 to present 504 51,4
11, Triple island Hecate strait Oct. 1939 to present Not 51.2
complete

SHELTERED STATIQONS

12. Poplar island Frascr river Feb. 1927 %o prescnt 48,2 48.6
13. Ladysmith harbour 1934 to present 70.0 69.3
July & August only

14. Departure day Jan. 1919 to present 53.5 53.6

15. Prince Rupert Jan. 1940 to present No record 48,7

: . harbour

16« Shannon bay Masset inlet Dec. 193¢ to present Not 55,5
complete

17, lMasset Masset inlet Nov. 1939 to present Not 50,9
complete

18. Port Alberni Alberni inlet Apr. 1940 to precent No record Not

complete

The leabour involved in this program is comperable to that required for
the collection of the meteorological data in this province, and requires the full
time of one technical assistant and about three quarters of the time of another.

It has been proposed to collect and publish these data in the form of
a bulletin to make the information readily available to research workers, the
meteorological hureau, fishermen and other interested parties. One years' data
have been prepared and submitted but to date no action has been taken to attempt
publication,

The titrations, calculating and compiling have becn carried out prin-
¢ipally by Messrs. Hollister, Anderson and Fjarlie.
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Second Alberni Inlet Investigation

The construction of a sulphite pulp mill at Port Alberni, at the
head of Alberni inlet, on the west coast of Vancouver island, has been pro=-
posed., TFor commercial reasons it is most expedient to dump the effluent,
waste sulphite liquor, into the head waters of the inlet. If such a mill oan
safely be established it is probable that other mills will be built at corres-
ponding positions on the B.C. coast. The Department of Fisheries has requested
that an investigation be undertaken to:=~ ;

l. Predict whether such a mill may safely dispose of its effluent
in Alberni inlet.

2, Completely examine the inlet oceanographically before and after
the mill is established, so that it may serve as an example in
event of a similar problem arising in other inlets.

Waste sulphite liquor has been proven to be a serious pollutant
because it utilizes the dissolved oxygen from the water, and in a restricted
c¢irculatory system, may so reduce the oxygen content that the fish population
may become affected. The head of Alberni inlet, in common with the heads of
most of the coast inlets, is a schooling ground for salmon and trout both on
the spawning migration and the seaward run, and any disastrous mortality might
have a noticeable effect on the fishery,

In a previous report, arbitrary criteria of permissible pollutian
were sugeested, but no guarantee was offered that the state of pollution would
remain within the permissible limits during continuous operation of the pro-
posad mill,

A new study has been initieted in order to establish:

l. An esvimate of the tolerable limit of daily sulphite liguor pol-
lution under all natural conditions.

Z., A prediction of the probable effects of the proposed mill undex
all natural conditions.

3. A complete description of the chemical and physical state of the
inlet before pollution occurs, so that by comparison with similar
observations taken after the mill is in operation, it will be pos-
sible to measure the degree of pollution occurring.

The problem may be illustrated by comparing the head of the inlet
to a tank containing {for argument's sake) 100 tone of oxygen, of which 50
tons are required for the fish life and natural oxygen demand. Then the re=~
maining 50 tons could be used to supply the demands of the waste sulphite
liquor. However, if in this hypothetical tank, 10% of the total amount of
oxygen was renewed each day (10% 50 = 5) 5 tons per day would be the maxi-
mun daily oxygen demand which could be tolerated, If the demand were greater,
it would eventually overtake the reserve supply and reduce the oxygen avail-
able for the fish. TFrom this it is evident that the oxygen content of the
inlet is only important as a reserve, and that the limit of the permissible
pollution is to be determined by the rate of replacement of the oxygen supply.
On this basis the study resolves itself into three investigations,
1. A determination of the oxygen content of the system,.
Ze The position, with regard to depth and area, which the pollutant
will occupy in the system.
S« The rate of exchange of water between various parts of the system
and the sea.
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Then 1if the rate of oxygen demand of the pollutant is known, a reasonable ape
proximation of the equilibrium state in the inlet can be made,

The natural factors affecting these conditions are volume of river
flow (R), wind direction and velocity (W), and the height of tidal rise (H}.
These may be related mathematically to the volume of flow (Qi) through a see~
tion (i) acress the inlet, in the form,

G = kR + kW + kg VH

then the integral of this funetion during a peried of time will represent the
exchange of water in and out of the system through the selected section. The
constants in the above equation are functiaons of the location of the sec¢tieon,
and the direetion of flow, hence it is necessary to make observations of the
flow under varying conditians so that they may be determined. Previous direed
measurements of the current velocity were found to be inadequate for this pur-
pose, and a theorem of turbulent flow has been developed to fill the require-
ments.

At present, the investigation includes continuous observations of:-

1. Complete weather records from Port Alberni, and the drainage area
of the inlet, b courtesy of the Meteorological Serxvice.

£, Records of the daily ra.e of discharge of the Sproat and Stamp
rivers, obtained through co-operation with the Water Power and
Hydrometrie Bureau.

3. Tidal records in Alberni harbour, obtained through co=-operation
with the Hydrographic Service, and Messrs. Bloedel, Stewart and
Yelch.

4+ Daily observation of the surface water temperature and salinity
in Alberni Harbour. Samples obtained by courtesy of Liessrs.
Bloedel, Stewart and Welch.

During the period May 28 to July 19, and August 15 to September 15,
intensive observations were made of:-

5. Velocity of flow in the inlet, to determine the rate of ex-
change between various parts of the system.

6. Distribution of dissolved oxygen in the head of the inlet
(area of probable highest pollution), and down the length of
the inlet.

7. Present oxygen demand of the water in the head of the inlet,
at the temperature existing in the inlet, to determine the pre-
sent state of pollutien, if any.

8. OStratification of the water in the head and length of the inlet
to determine the probable distribution of the effluent.

In additian to the expected eyelic variations in chemical and
physical properties of the water, with tide, season, ete., it was found that
there was & monthly variation in the dissolved oxygen content from about
20% to 100% saturation, in the zone of probable pollutien. This introduces
a limiting factor which was not recognised in the previous report.
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The investigation was discontinued due to fatilure of the equipment,

but the work already done will serve as

a guide to the extent end require-

ments of the program, when or if the investigation is resumed.

From the present investigation it has besn learned that the ob-
servations must be large in number and very preeise in regard to time and
position, so as to measure the effect of tidal movements, the varying rate
of transport in different parts of the system, and to obtain an agcurate

estimation of the oxygen content of the
of flow, During the present season the
Mr., Hollister, with a crew of threc men
making the required obscrvations, which
veying, and analyses. The mathematical
atical process, is being carried out by
require about twice as much time as the

J.P. Tully

A Theorem of Turbulent Flow

water, its stratification, and path
writer and one technical assistant,

in the M.V, "a.P, Knight", have been
include the sampling procedure, sur-
analysis of the data, a tedious mathcme
the scientist and assistant, and will
field operations,

No. 83

At the present time sea water current velocities may be measured

direectly by means of current neters and

chip logs, whose use is restricted

to surface observations or to very protected waters, such as harbour works, etc.
In the open ocean an indiredt means, based on Bjerknes' theorem of pressure dif-

ferences, is available.

In many of the researches required of this department, neither of

these methods were applicable.

For instance, in Georgia strait, Alberni inlet

etc., it is required to determine the volume transport under widely varying

conditions.

Direct observation would entail occupation of a number of stations

for periods of several years, and Bjerknes' theorem cannot be applied in the
presence of complicated boundary conditions.
To fit these needs a theorem of turbulent flow has been developed

relating the change of density gradient

per unit distance of flow to the

change of density gradient per unit depth, of the form,

au) 2 sl_cilzi(éﬁB

dz | AB Yfm dz | A
where SU represents the average velocity differenee per unit depth in a scoe-
tion 92 from A to B, g represents gravity, k is a constant, Y is the distance

A to B h is the depth of the section, (m is the mean density and

change in density gradient from A to B.

dp| B 1s the
dz | A

From the above equation the velocity difference between the surface

and the bottom in any section can be determined.

in any depth interval can be determined
dz dz | AB ; 4 | (m

Then the velocity difference

from,

/ae\ B\¥* . /n2 145\ B)
fo14 - .ll.. EE)
(dz)A ((Dm (dz/ A)

where the starred quantities refer to the whole depth, and the unstarred
quantities refer to any included interval.
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This theorem is a new fundamental development of the theory of
turbulent flow, and it is believed that it will provide an instrument for
oceanographic analyses which has been required for some time.

Its application has been compared to Bjerknes' theorem on sui-
teble data and an excellent agreement has been obtained, (velocity gra-
dients agree within 5%). Further application may be found in the estima=-
tion of divergence and diffusion in areas of known velocity gradients,
and in determination of the nature of flow in channels and passages such
as occur on the British Columbia coast.
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Furunculosis Investigations, 1941

During 1939 it was decided to concentrate upon the development
of a prophylactic vaceine as a means of controlling the development of furun-
culosis in hatcheries. During 1940 certain tests were made with such vac-
cines, orally administered and the results were very encouraging.

While the number of fish involved in the 1240 tests appeared
ample to support the findings, it was felt advisable to practice conservatism
in 8 new field of immunology, and to withhold final recommendetions until it
could be shown that such results could be repeated. The work was therefore
continued on almost identical lines throughout 1941. By the end of July, 3
further tests had been completed, which gave an average result of 26,3 mor-
tality in vaccinated, contrasted with 71.1% in untreated cutthroat trout.

During August-Octobexr variations in the manner of infecting the
fish were tried out. Two tests (involving 60 fish) were performed in which
infection was attempted by placing a heavily infected trout in the same tank
as the test fish. This procedure caused infection of 9 out of 30 non vace
cinated fish and 3 out of 30 vaccinated individuals, in a period of 5 weeka.
The suggestion here was that the previous method of establishing infection,
i.e, by adding large amounts of living virulent culture to the tank water,
was actually a more severe mode of infection than was the natural route. Two
further experiments were carried out in which 35 treated and 30 control trout
were infected by subcutaneous inoculation of an approximately 3-fold lethal
dose of the virulent culture. (The exact "lethal dose" of this orgenism for
cutthroat trout of a given age is di fficult to establish with exactitude).
This method of infection appeared definitely more severe than either of the
two previous methods, since 24 of 35 (68%) vaccinated fish died, and 27 of
30 (90%) in the non-vaccinated group. It was clear that inoculation consti=-
tuted the severest test of all, and one of an order not likely to be encoun-
tered under natural conditions. There was still, however, a differential in
favour of the vaccinated individuals,

During 1941 also, a grant-in-aid of the Furunculosis Investigation
was kindly made from the Special Research Fund of the University of British
Columbia. It was thus made possible to begin an attack on the following pro-
blem. If vaccine should be called for on a large scale necessary to supply
several hatcheries for a season, it would be advisable to utilize a cheaper
medium for growth than is afforded by the standard Difco media upon which the
experimental-scale vaccines were grown. lany inexpensive means of growing
bacteria are available, but at times transfer of a culture to a new medium
has been known to affect its antigenic structure. This in turn may have an
effect upon the protective powers of the preparation.

Mr. Victor Freeman was therefore, engaged to continue work on the
entigenic structure of B. salmonicida, and some progress was made upon the
lines indicated. During his investigations }Mr. Freeran observed a new and
interesting variation of the organism, in which the shape of the bacterium
became changed, with no corresponding change in cultural, colonial or patho-
genic characteristics.
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Recommendations. As a result of the immunity experiments of 1940-41, it is
pointed out that a properly prepared vaccine, administered in the food of
cutthroat trout fry, appears at present the most promising means of producing
a satisfactory rise in the level of herd immunity to Baeterium salmonicida
infection,

As a result of the immunity experiments of 1940-41, it is pointed
out that a vaccine, prepared according to the indicated specifications
(Summary Report 1940), and administered by admixtyre with the usual liver=
containing hatchery food of cutthroat trout, presents a most promising means
of effecting a rise in the level of herd immunity to furunrulosis. While the
preparation of the vaccine is a technical matter, its administration may be
left in the hands of any faithful hatchery operator. It is recommended that
the method developed be utilized in British Columbia Hatcheries. It is at
the same time suggested that the application.of this treatment be considered
not to supplant, but rather to augment, the usual precautions as to transfer
of infection from place to place within the Province.

Other Investigations, 1941

In January and February, bacteriological and pathological investi-
gatiens were undertaken in connection with the mortality among pilchards in
and around Pender Harbour, Brentwood Bay and Tod Inlet. The work was carried
out as part of a general attack on the problem by members of the staff of the
Pacific Biological Station. A special report has been submitted to the Director,
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Polychaete Studies

The paper on the polychaeta of Southern California, referred
to in the last report, was published by the Southern California Academy of
Science in a recent issus of their journal.

Work is now complete on the material collected on the west coast
of Vancouver island in 1924, to which also we referred in the last report.
We have alsc completed examination of material collected by Prof. Fraser
in the Queen Charlotte islands in 1935 and by lMir. Williams, of the yacht
"Stranger"” in Alaska and the Bering Sea in 1937. 'e have combined the ac-
counts of these three collections, together with that of other material
teken in the same regions by other collectors during the past few years,
into one paper which is now ready for publication.

During the year a number of specimens have been submitted to us
for determination by other workers. Amongst these the most noteworthy was
& primitive cirratulid Ctenodrilus serratus which was observed by Dr. A.H,
Hutchinson in material taken in a plankton net from a confined area of water
in Ladysmith harbour which has been created in connection with work on oysters.
Ctenodrilus serratus has been known in Europe for nearly a century and has often
been noted there in marine aquaria. It has been the subject of special interest
and of several investigations by reason of its primitive morphological charac-
ters (which have given rise to questions, not yet finally answered, as to its
affinities) and its method of reproduction by autotomy. It has not previously
been recorded outside Europe so that its occurrence in quantity at Ladysmith
is worthy of special note. We intend to record it in a suitable journal in
the near future.
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Studies of the Economic Relations of Waterfowl

An investigation of the food habits of scaup ducks, Nyroca ameri-
cana, Nyroca affinis, based on a study of food materials from a total of
136 specimens, was completed in 1940,

In the case of Il. americana the principal winter food on salt water
is small molluscs, the largest whole specimen found (Alectrion mendicus)
measuring 12 mm.; sea lettuce is second and small crustaceans third in impor-
tance. Field observations showed that herring eggs are an important food
although only cne specimen contained this item. Specimens taken on fresh
water had eaten seeds of Scirpus, Carex and miscellaneous vegetable matter;
salmon eggs, which occurred twice, and salmon flesh from the bodies of partly
decomposed fish which occcurred three times, are more important food than the
analyses indicated. Specimens taken on Okanagan Lake showed Chara to be the
most important food both in frequency of occurrence and average percentage
volume. Potamogeton and other vegetable matter are sccond and mollusca third
in total percentage volume; insects are of slight importance in the winter
months.,

4nphipods predominated in the food of N. affinis in the interiar of
the province; these werc taken by young & fuw days old, by adolescents and by
adults. Chara and other plant naterial worc the chief food of three winter-
taken specimens from Okanagan Lake; plant material and inscets predominated in
the food of eight latec fall and winter speciniens from Swan Lake; on the coast
molluscs and veogetable matter wore represented in about equal proportions.



