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In spite of war-time conditions and the necessity of modifying both
policy and operating routine, the work of the Station during 1941 has pro-
gressed most satisfactorily. While it cannct be said that the vear'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 significanca.
They add, year by year, more contributions to our knowledge of the trends of
the various fisheries or the characteristics of the life history of the com—
mercial fishes, all of which are of value in preparing up-to-date effective
measures for regulation and conservation.

Constantly changing conditiens in the various fisheries, brought about
by the increased value of the fish, the increased efficiency of fishing methods
and/or the expansion of the fishing operations into new areas necessitate a
close check being kept by the investigetors on the trends of the individual
fisheries and an attempt to cvaluate the effects of such changes. For example,
irn thc herring fishery a quota system of regulation has been under experiment
for the past five years. During this time the fishery has been limited eaah
year to specified tonnage and the effect of such regulation upon the catches
and more particularly upon the spawning snd general abundance of the fish has
been closely followed. 4 sccond five-ycer ¢xperiment has been commenced in
which the quotas have becn altorcd, on the basis of the previously-acquired
knowledge, and the reaction of thc fishsry will be carefully watched.

In the salmon fishery therc has devcloped a tendency for the fish to
be caught further and further from ths rivor estuarics until in many cascs i%
is now extromsly difficult to tcll what fish from which river are being ex~
Dploited. Obviously for conservation this becomes a serious matter and requires
further knowledge of the migratory routes of the salmon. Mors 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 sore measure, this shortage. The demand for clams
and oysters has risen phenorcnally and with conseguent very attractive prices
offered, the exploitation of the beds has increased. For oysters, largely
grown and orcpped from cormmercially leascd beds, the problem is of less con-
sequence than for clawms which arc harvested almost wholly from public beachcs.




v = e W RS S e T T 2 . e e e 2 T Rl I - T e

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 51tuatlon revealed,
directly beneficial conservation measurcs 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, @&
patural 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 efficioncy the esscntial data may be speedily obtainsd for
practical application in the field of conservation.

STLFF

During the year a nwanber of the members volunteered for Active Serxvice,
obtainsd leavc of absence and arc now on duty. They are Mr, J.L. McHugh (Army),
Mr. W.M. Cameron (Metecorological Service), Mr. D.B. Quayle {(R.C.A.F.), Mr. Robin
Fjarlie (R.G.4.F.) and iir. L. Quickenden (Navy). With respect to the first
three named, cach of whor was responsible for certain research projscts, specisl
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
been very helpful. The departure of all of the men has had a definite effect
upon the conduct of the work and has thrown added burdens of organization or
routine on the senior mcmbers of the staff, particularly since suitable tempore-
ary assistance is extremely difficult to obtain.

Due to the enlistment of Lir. Quayle, who was in charge of the shell~fish
resesrch and which work it wvias deemed desirable to continue, & reorganization
of the staff was made by transferring Mr. Neave from the Cowichan lake inves-
tigation to shell-fish. The Cowichan leke work was divided up, Mr. Nsave to
continue his interest in and supervision of the trout work, while to Dr. Prit-
chard was given respons ibility for the salmon projects. With Mr. Epps resident
at the Cowichan lake hatchery as field officer and directly superintending the
routine operations, this new set-up is mesting the situation most admirably. r

In July, Mr. Anderson returned to his duties as Junior Techmician 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 .V, "A.P. Knight", transferred in the spring to Alberni Inlet for
the hydrogrephical 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=- -
ped with a semi-diesel engine which for a numboer of yeers has given wery indife 2
forent service. Probably, too, freguent laying-up of the boat and the lack of -
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an experienced engineer have contributed to its condition. The boat was re-
turned to Departure 3ay in September and steps taken, through the Department
of Fisheries, to purchase and instal a new power plant. g

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 number of manuscript reports on minor pisces
of reseerch or dealing with phases of major investigations have been prepared
and placed in the library.
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advice and co-operation given on many occasions by the Assistant Commissioner,
Mr. George J. slexander, 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 McClinton 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 evie-
dence of a limited capacity for spawning beds, with respect to production of
fry.

During the winter of 1940-41 ¥Mr. 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 spavning time and
subsequently dug up and inspected. Thile, from one year's findings, conclu-
sions are hardly warranted the 1941 data show that the losses oceurring from
spawning to migration might be divided up as follows: Predation on adults
and incomplete spaming - 10%; exposed by superimposition - 5%; erosion of
spawning beds - 10%; during incubation and alevinage - 30%; due to prodation
on fry - 60%. It may be mere coincidence that the rough estimates above, when
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applied to the 1940-41 spawning give a fry survival of 22%, wvery close to
the actual determination - 19.0%. These experiments strongly suggest the
practical value of certain stream management procedures such as stream im-
provement, predator comtrol, etc.

. Another important feature of the Masset inlet pink salmon investi-
getion 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 teturn 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 northera areas, but
not between streams within each area, Pyloric caeca counts (539) revcal no
differences. The study is being extended to southern areas during 1941, for
comparison between major areas.

Chum salmon

A collection of spproximately 120C chum salmon scale samples was
cbtained from various fishing arcas. Thess were taken to study the age ¢las~
ses constituting the runs to the various coastal areas. The reading of the
scales and the working up of the data 7ill 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 1940 the percentage efficien=
cies were 11.8 and 40.0 respectively and it was indicated that the difference
may have been largely dus to the rmch greater cutthroat trout population in
Oliver creek. In 1941, the percentages were 30.4 and 30.1 respectively. Bead—
nell creek apparently supported the larger trout population but the presumed
coho spawming in it was much less (74,100 eggs) than in Oliver creek (481,560

e6ges).

Recoveries of marked fish from the Cowichan river have indicated, in
the experiment conducted on the individuals of the 1937 brood year, a return
of 1.550 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) are now being recovered on the spawne
ing beds. Returns from the fishing areas show that this Cowichan run was
tapped at various points on the wost coast of Vancouver island, in the strait




of Juan 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 arecas of the B.C. coast and the contents examined by Drs. Pritchard and
Tester. 4 great variety of food organisms was found. Although fish occurred
in great numbers, invertebrates were alsc important constituents of the diet.

Spring salmon

From the release of 25,000 marked spring salmon fingerlimgs 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 which 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 nexit 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 two 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 complete
the study, except probably for investigations of individual areas.

COWICHAN RIVER INVESTIGATIQGNS

Salmon

The studies conducted by Mr. Neave on the coho and spring salmon
runs to the Cowichan river, pertaining to propagation and migration, have besn
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 1939 and 1940 and
reveal the gemeral 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 19,006
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 hatits of the various species.
Information has been collected largely from releasing and subsequently reo-
covering marked individuals. The following data have been assembled ovey
the past three years:

(1) TFor cutthroat trous the 10l recoveriecs to date have all been within a 5
few miles of the point of liberstion but they show local movements 3
between the lake and the river eand botween the river and its small tri-
butaries.

(2) For cteelhecads only 54 recoverics have been made from the 80,834 marked
fingerlings liberated and all exccpt one were from fresh water. Re-
covery of sea-running individuals is expected this winter.

(2) 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 &0 recoveries have been made from 74,161 in-
dividuals liberated. All were from the release of 33,097 fingerlings
of the 1939 brood. Considerable dispersion throughout the river system
had ocourred but the paucity of returns is most striking.

(5) On the con*rary, among brown trout, a return of 53 was obtained from a
liberation of but 303 during april, 1939, 4ll returns were within half
a mile of the point of release. The fish had experienced remarkably
rapid growth. J

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 continued.

The investigation of the steelhead .runs in the Cowichan river was con-
timied by Mr. Neave during thc 1941 wintor 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 due to a relative scarcity of
fourth year fish which in other years constituted the bulk of the winter run.
The reduction in this yea:r class is not considsred 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 INVESTIGATIONS

Herring

The herring invsestigation has resolved itself largely into the
collection and analysis cf the data pertaining to the annual populations,
both in the fishing areas ané on the spawning grounds. The pertinent fea-
tures thereof, such as abundance, availability, yeer classes and size, are
_studied and their significance evaluated. Certain studies are also being
continuad on migration of harving and the rcelationships of the various geo-
graphical skocks.
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During the 1940-41 herring season the total catch amounted to over
94,000 tons, of which 76.7% was taken 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 fallows,
45% in waters adjacent to Vancouver island, 37% along the central coast lins
and 18% in northern arcas. The decrease in 1940-41 is largely due to the
general fajlure of herrinz to appear in tho central and northern fishing
grounds prior to the closure of the season. In the southern areas, on the
contrary, the availability of thc fish was much higher tham in the previous

yeaT,

From 21 samples (2233 fish) teken 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 140-41 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. For the Queen Charlotite sound area, at the north end of Vancouver
island, (1S samples containing 1402 fish) great variation in age composition
was found betwesn districts. In gemerzl the Tish 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 sonmewhat
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. Con-
parison of mean length and age with samples examined last year is possible in
only five cases and the data indicate generally a decregse from the 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 normasl numbersg,

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 whercas on the Wsst Coast of Vancouver island it was slightly lighter.
In the Alert bay area it was also lower than in 1940 but northern areas
shosed perhaps a slight incrcase. Thesc rccords are exceedingly valuablo ine-
dices and en effort is to bc 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 were almost completely segregated as far
88 intermingling of population was concerned. During the five-year period
the east coast fishery has been feirly stable and limited by the quota but on
the west coast the catch declined in 1958-39 and then incrcased. The quota
was only reached in one year, 1935-37, therefore has not appresciably limitead
the catch. On the average the spawn depositiorn has beep much less on the
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4A.,L. Pritchard No. 1
Natural Propagstion of Pink Salmon in McGlinton Creek, Masset Inlet,
B.C. -~ The Fry kMigration in the Spring of 1941

The investigation of the natural Propagation of pink salmon was
continued in 1941 at McClinton creek, Masset inlet, with the count of the fry
migrants leaving the stream in the spring. The data collected are now cone-
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 7,
when 245 were taken, the nurmbers increased. The rain portion of the run,
amounting to over 70,000 per day, took place betwcen April 3 and May 1, with
a maximun of 571,000 on April 28. The migration was approxinatoly two woeks
earlier tham usual, a condition reported as being fairly gemeral on the coast
and ascribed to the corparatively moderate autumn and winter conditions,

The counting fonce was operated from February 1l until May 29, a
total of 108 days. Weter conditions were particularly favourable in that it
vas necessary to remove the sereens on only four nights, - at 2.00 A.M. on
liarch 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. Even if the
fish which escaped were neglected entirely, it is felt that the resulting erroyx
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 calculated as followa:
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
eresk: )

Year Ijales Females Total Av. No. of Potential Egg Fry % Hatch
Eges Deposition Migrants

1920 32,955 33,168 66,153 1,535
1932 8,003 7,599 15,600 1,758

lz 50,950,000 5,384,000 1
15 13,360,000 2,230,000 1

W by

1934 177,477 77,710 155,196 1,799 T 11 139,000,000 12,600,000 S
1936 24,221 28,091 52,312 1,899 % 12 53, 345,000 3,675,000 6
1938 35,549 5,028 10,577 1,698 ¥ 19 8,500,000 2,020,000 23.8
1940 19,071 16,454 35,525 1,619 t 17 26,500,000 5,061,00¢C 12.0

In a Summary Report for 1939 the writer pointed out the fact that
the gma]l spawning of 1932 had given rise to the high percentage hatch of 13.7,
While that of 1938 produced 23.8%. Thus the relatively small deposition of both
Yea?s Was compensated to a eertain extent by the raised efficiency., This advan~
tage was further maintained this season by the 19% return. The fry migratiem
Was almost ag large as that from the 1930 run where nearly twice as many eggs
Wers involved, ' S ‘ '




A.L. Pritehard _  No. 1

General conclusioms are eertainly not warranted without the accom-
panying intimate discussion of the results, However, attention should bs
drawn to the fact that from the three relatively small egg depositions, namely,e
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 aetual
numbers. The phenomenon indicates, however, a strong resilience on the part
of the spescies, and suggests that it may build up quickly from a redueced popu-

lation.

AL+ Pritchard No., 2

Efficiency of Counting, Weighing and 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 micht be termed direct apd the last indirect. In ordepr
to gain an idea of the general aceuracy of the whole experiment, it is neces-
sary to assess the efficiency with which all three procedurss 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
194) and makes comparison with those of other years.

Counting - In the actual counting manipulation, a number of fry are plaeed in
8 shallow cheesecloth tray set in a trough filled with watsr. From this they
are dipped with a dessert spoon three or four at a time into a deep wire bas-
: 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 pessible error.

The following data were obtained from the 1941 experiments:

Date First Count Seeond Count Error
May 2 & 3 10,156 10,186 +40 or + 4%
May 6 - 3,857 g 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 194 was slightly larger than that shown by
*he combined checks for 1933 and 1937, .4% as compared with 1%, It still ree
Dains go small as to be almost negligible, emounting in the totsl count of
2,000,000 fry to approximately 8,000 individuals,




A,L. Pritchard No. 2

w - The method of weighing which was employed this year wes similar to
that which was previously deseribed in some detail in a Summary Report in 1939,
Briefly, & number of fry were poured from a 4ip net into a wire basket anqd :
weiched 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 nurbers in the groups counted each day, the fry
released without counting could be assesscd. Error was minimized by having the
same operator carry out all the weighings in as nearly as possible the same
manner.
To gain some idea of the accuracy, 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 actual count was ob=-

tained. ) ‘
The follewing table lists the results of nime such tests:

Date Weight in 1v, Estimated No. Actusal Yo. - Error
April 19 &.37 . 13,905 13,844 -6l or - ,4%
"398 8.47 14,071 132,938 ~133 or - 1.0%
noZ0 8.43 13,692 13,542 =150 or - l.1%
" Z0 8.70 14,131 14,061 - 70 or - .5%
L5 | £.92 14,347 14,545 +201 or + 1,4%
"noo2) 8.43 13,559 13,664 +105 or + .8%
no22 8.57 14,087 14,013 -~ 74 or - 5%
" 30 12.25 19,159 15,973 +814 or + 4.1%
May 1 9.47 : 15,053 15,330 +327 or + 2,1%
TOTAL 81.61 132,004 132,963 +959 or + 7%

The errors listed above appear gquite uniform with the possible
8xeception 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
Iry migration large numbers of coho and chum salmon fry make their appearance.
The mixture of these three species of fry of different sizes lowsrs the ac=~
ouracy of the operation.

If the nine experiments are gathered into one, the error amounis to
959 fish or + 7%, a figure which agrees very closely with that obtained from
the combined data for 1931, 1935, 1937, and 1939, namely - + 1.1%. In 1941
When Spprodmtely 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 sinee such large

flgures are involved.

Estimting - The error caused in the final calculations by estimating the run of
fry during the period when the femce is out will, of course, vary from year to
years 1In the 8pring of 1641 weather conditions were such that it was not neoces-
88Ty Y0 remove the goreens for any extended time, The fence did not operate forx
three complete nights. On March 8, the first of these, the migration was just be-
20ing 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




A.L. Pritchard No. 2

" of count occurred on March 23 when the fence was lifted at 2.00 A.M. 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 easess-
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 bdbe double that whicech
has been set, viz.- 56,000 instead of 28,000 -, the total discrepanecy 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 effieiency
of hatch from 19.0 to 19.3% which is a negligible quentity.

A,L. Pritchard No. 3

Pink Salmon Marking Experiments During 1941

During the autumn of 1940 recoveries were obtained from another
merking experiment on pink salmon fry from McClinton creek, 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 omigration of marked fish from Mc-
Clinton and the necessary acceptance of the belief of an immigration of un~
marked fish to MeClinton, 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-ecasterm
Alaska, As a result of these findings, it was recommended that further ex-
periments be conducted to check the indications which had already besn given.

The mark assigned for pink salmon fry at McClinton 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 experisnced 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
rogensrated, 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,
1% is felt that no confusion can possibly arise sinee 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 ths other fry were running.
g The number involved, however, made it hecessary to mark most heavily at the

P 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 my be more subject to

predation, This problem is discussed in another report elsewhere in this
series, viZ.- W.i{. Cameron - lortality of Pink Sulmon Fry During Downstream

Migration.

Recomrendations
The writer has pointed out mny timss tha¢ the returns from marking

s 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 ure again under
- ; way with the United States Fish and Wildlife Service to maintain one inspee-
tor in south-eastsm Alaska ang perhaps increasec the nurber. liore intensive
efforts will boc rmade to ensure that ths cannery managers and other members
" of the industry as wsll as the officials of the Fishery Departrmont arc entirely

femiliar with the faet that returns are expectad.,

W.ii. Camercn Fo. 4

Some Physical Characteristics of Pink Salmon Tegs and their Relationm to

Redd Samgling

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 egges
; and dead to live alevins, will be sensibly affected by any decomposition of
o { ‘the individuals to a condition in which there is differential recovery of live
' and dead, A certain amount of experimentation was therefore necessary to pere-
mit the correct interpretation of the material recovered from the digging.

Buring the winter and early spring of 1939-1940, tests were per-
~ Tormed on coho salmon eggs at Cowichan lake in an attempt to determine the
- Proper allotment of shells and egg fregments which were known to constitute
2 Bmal} Proportian of every sample, A resume of the findings has been sub-
mtted in sumary report No. 9 for 1940 (page 13), Throughout the winter of
) s 1940-1941, similar and further éxperinents were conducted on Pink salmon at
P -4 MeClinton creck, A1l the data are presented in brief herein, '

’ " la The source of whole shells in the sample.

. A Breakage of live or translucent eggs results in the appearance of
"} 8hells ip gpe collecting net. These shells are typically clean, translucent,
i and exhidbit a single split seldom embracing more than half the circumference.
| E’hey I3y represent elther live or infertile eggs which have not beconme opagque,
LSxperirentation involving the crushing of samples has demonstrated that while
indiVidual variation is great, thers is no significant differcnce in the resise
ance of the "ehorion” of the two types to rupture.

o
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The proportionate Trecovery 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
6lightly but it was concluded that in the proportions which are known to
exst in nature this difference would have no noticeable affect on the final
ﬁgure . .

2. The recovery of disintegrating egss

Dead eggs are known 0 break at much lower pressures thar live ones.
Due to the coagulation of the yolk and subsequent infection by fungus, the
shslls are usually noticeably different from those of live eggs and can be so
allotted, It was necessary, however, to check the possitility of lower re~
covery which might result from disintegration,

In the case of coho salmon, two lots of eges wers expressed from
mature females. One of these groups was fertilized. 4t 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 vwhen disturbed. Zqual numbers (250 of
each) of infertile and live eggs were counted out and buried together in the
gravel of a small stream nearby. Theyv wers immediately collected in the NOT=~
mal manner. Fram the resulting material it mas necessary to estimete 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 ranga
from .64 to .90.

In the fall and winter of 1939-1940, closely similar experiments
were carried out on pink s8almon developing in the colder waters of McClinton
ercek. Here fragmentation was much less and from five tests the range was
+9¢ t0 1.00 with a mean relative recovery of .99,

About the middle of February, 1940, five attempts were made to
determine the decamposition of eggs which had been killed during the pre=
eyed and eyed stages. Instead of burying these samples, they wers placed
in a large tub with gravel and ar effort was made to duplicate the amount
of crushing which would occur in the process of excavation. The eggs were
then washed into the net and the recoveries examined. In two cases more
€ggs woere obtained than were used originally due probably to piecing to-
gether the dead eggs. The average relative recovery of .98 was not signi-
ficantly different from perfect efficiency.
3+ Recovery of dead alevins

Dead alevins were handled in a simlilar manner to the 8ggs recorded
1mmediately above. The recovery from five exporiments was .98 which was re-
markably efficient.

Artificial conditions such as were represented in the eoxperimentes
d°An°t Decessarily produce similar results to those present 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
hatohery, A light growth might possibly be less effective in holding tow
gether the geagq material and thus cause a lower recovery. The problem calls
for more study in an effort to duplicate a variety of natural conditions,

At the DPresent time it is proven that the calculation of mortality from ex~

c:Vat?d Collections should be made with caution but there is a general in-
Cation of the error involved.
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Mortality of Pink Salmon Sggs During Incubation and Early Alevinage

In summary report ¥o. 8, p. 11, for 1940, an outline was submitted
of the beginning of & series of experiments designed to produce quentitative.
informetion on the losses ocecurring during the incubation and early alevinage
of the pink salmon eggs in cClinton cireek. Detail was submitted of the
methods of marking the redds, the apraratus 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 represeni.itive of most of the conditions present in the stream.

For esch sample the sggs or fry were immediately designated as live
or dead. The live eggs werc then separated into tvo categories viz, 1 -
shells and 2 - complets eggs and alevins. The dead €ggs were recorded underx
1 - shells, 2 - heavily fungused, 3 - pre-cyed, 4 - eyed and 5 - alevins,

To assist in the comparison of results it was considered advisabls
to calculate the pre-eyed mortality for each ssmple. This procedure invelved
the intelligent assignment of dead shells and heavily fungused eggs to their
respective categories. The division of the dead shells in the same ratio ag
the unbroken, lightly-fungused eggs appeared most reascnable. Heavily fune
gused eggs were allotted in their entirety to the pre-eyed group. Undoubtedly
this procedure is open to criticism bus any other division produced, in iso-"
lated instances, peculiar values which did not seen 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 nej gh-
bouring localities to resemble each other in mgnitude. 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
8ll redds immediately before the fry emercged from the gravel. Comparison of
Pre-eyed mortality shown b 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 zlevinage, An
at¥empt was made to calculate what the mortality =ould have been if the dig-
éing had all been delayed until just before emergence.

Plotting the mortality shown by the alevin samples against their .
Pré-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
hed been dug during alevinage. Tais method, though an approximate one, psr-
Bitted the use of all of the available data in estimating the loss during ine

oubation and alevinage,

4 study of the dsrivsd morteiitiss in the form of a frequency dis-
Yridbution showed the man "total” mortality in incubation and early alevinage
%0 be in the nelghbourhood of 3C-.

Nine redds out of the 84 marked werse destroyed by flood action
Bh”ﬂy after deposition. The eggs wers prodablvy eniirely lost. It might
be 8uggested that they wou-d Jodge in the gravel ZJownsirsam. Since, however,
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mest of the erosion occurred during the early stages of incubation when the
8ggs are quite sensitive {o jarring, i1t is possible thay they mi ght not sur~
vive the disturbance, The pogsibility of some of the desd eggs being re-
ecovered in the collection of other redds must not de overlooked but it ia
felt that such duplication will affect the average figure very little. The
loss through erosion can therefore be approximated at 10%.

The mortality due to superimposition of redds was apparent but was
probably largely”evidenced in the flgure given for redd 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 a maximum limit and will include the eggs lost in spawning under cone
ditions detrimental to their lodging in the redd.

V.M. Cameron No. 6

The Effect of Physical Conditions on Pink Salmon Zgge During Inocubation

and Farly Alevinage.

In an effort to gain some idea of the effect of the physical cone
ditiens of the environment upon the incubation and alevinage of pink salmon
eggs, certain observations were made and notes recorded for each of the sample
redds which were marked and dug at MeClinton creek during the autumn and wine
ter of 1940-1941. Three factors were specially examined, viz.- the size of
the gravel, the degree of water eirculation, and the gensrsl condition of the
redd with respect Yo silting and plent debris. Eaeh of these items was gra~
ded aeccording to the following legend:

Gravelt A - Medium to coarse; B - Fine with a tendency to
shift in changing currents, and C - Large rocks or
boulders (usually assoeiated with poor circulation,
silting and plant debdbris).

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

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

Although these observations were strictly qualitative in nature, &
study of the records in eomparison with the mortality definitely demonstrated
that the best conditions involved medium to coarse gravel, good water cire
culation and absence of silt or plant material, In some cases good returns
Wore 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=
ghet) and had not had sufficient time to cause damage before digging wes
completed,
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Mortality of Pink Salmon Fry Luring 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 taken t'o reach the
salt water, the fry are exposed to the deprcdatian of predators. An attempt
was made to estimate the loases which right ocecur from these attacks.

Two methods of studying the problen were evident. The first eon-
siderod was to examine the food of the predators. In order to reach a finel
figure for total predation in such a nethod, it would also b necessary to
know the habits, abundance, distribution and beohaviour of all the predators.
The labour and time involved were manifestly irpossible of attaimmont. The
sccond method which was employed, was to release marked fry at intervals along
the stresam and calculate the mortality from the number of individuals which
were later recovered at the fence near the mouth of the river.

The success 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
norrmally. 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. 14). To date the most satisfactory method
was the insertion of variously-colored fine silk threads throush 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 maintained in the protected environment of the troughs.

The general procedurec was to select fish at randam, mark them and
retain them overnight and through the fellowing 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 takcen to renew the watser on the upstream
trip. Retention at the point of liveration for twenty-four hours before re-
lease did not appear to affect subseguent mortality so the fish were deposited
at selected stations and released orn 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 re-
leased at the same location as "threaded" individuals. For tvwo 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 experisnced early in the run (estimated at 50%) there is little or no
selection by the predators. As 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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gosted that the reason for the heavier mortality at the end of the run is an
inoreased 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 fence, 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 stations 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 quicklyv and mortality was
relatively smaller than on other days when the stream was low.

This 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 estinates are being
made. Particularly is this true of fish belng marked for migration experiments.
The release of a greater proportion of markeé fish under conditions tending %o
excessive mortality may lower the proportion of the marks in the population as
a 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 more
tality should be fairly constant during the main portion of the run. For this
reason the losses for the period between March 22 and May 3 are considered. If
it is assumed that "threaded" fish during this time did not suffer dispropor-
tionately, the figure of 80 per cent., loss due to predation may be considered
a reasonable estimate for the main portion of the run.

W.Ms Cameron No. 8

General Consideration of Mortalities Oceurring in Pink Salmon During
thelr 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 action
of predators e¢n the fish and through incomplete spawning is relatively light.

It is here placed at approximately 10 per cent. of the potentizl egg deposition.
liortalities 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 females. Mortality due to dis-
turbance without dislodgement will be included 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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tonder stags of development. Loss durt incubation and slevinages has bsen

fully disousssd {n another report anl is set at about 30 per cent. No figure
is avallable for the mortality due %o non-emergence of fry but a study of '
weter conditions at the time when this ocours ang during spawning would lead

- one to believe that it is not severs. The 1loss of Iry dnrigg migration due

o predators is heevy having been set elsewhere at 60 per cent,

A tentative table is sudbmitted outlining the estimates in theiy
very approximate value and the proportion of the potential egg deposition
which these values will affeet:

Mortalities Percentage of Percentage of Pereentage
eggs or fry potential eges or frvy
availeble egeg deposgition ramaining
Predation on adults ana 10 10 g0
incomplete spawning
Exposed by superinpoe 5 ] 85
sition
Erosion 10 8 77
Incubation and alevinage 30 23 54
Fry predation 80 32 22

The agreement of the final figure (22%) with 19 per eent. which
was the actual effisieney obtained from the enumeration of the runs, is clow
ser than one might expeet from the approximste nature of the estimations and
should not be accepted as any indication of their gecuracy. The gstudy sug-
gests, however, that {nersase in efficliency may be in the direction of pro-
dator control and stream improvement. Decreasing the predator populations
should result in an increase in the numbers of frye In such a preogramme,
however, consideration would have %o 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 inforsmtion also suggests that the numbers of adult individuals
constituting the spawning escapement may not be the only factor influenecing
the assurange of an adequate fry migration. 1In generel early migrating adults
8pawn before those that enter the stream at the end of the mn. If these give
rise to early-runming fry, they may be less subject to predation than those
which come later. The establishment of a coneentrated spawning period might
reduce the effeet of predation but might increase losses due to fish having
to spawn in unfavorahle locations.

Sinece escapement, predator control, and stream improvement appear
to be intimately assoeizted with efficlent eonservation, contirued obhservation
on their interrelstion would seem highly desirablae,
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Racial Studies on Pink Salmon

In the Summary Reports for the Pacific Bialogicel 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 indiecats
such differences, if they existed, were the number of gill rakers on the
first gill arch, and the number of pyloric caeea.

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

GILL RAXERS

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

Number Range Average
McClinton creek 136 27-33 30,32
Deenan river 58 28-33 30,55
Yakoun river 100 27-34 30.22
Wammon river 98 28-34 30.40
Detlamen river 65 28-34 30.34
IASSET INLET 457 27-34 30.35
SKIDEGATE INLET (Hean's cx.) 24 27-32 29.83
CUMSHEWA INLET (Palent cr.) 79 28-32 29,94

If the probable errors of each 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). A differenece
was demonstrable between the whole sample from Masset inlet (on Graham island)
and that from each of the other inlests on Moresby island. A similsry difference
was noticeable in most cases when individual rivers from these larger areas
were considered.

PYLORIC CAECA

The data for the pyloric casca counts are tabulated below:
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Number Range Averags

MeClinton ereek . 128 106-163 133
Deenan river . 585 108-166 131
Yakoun river 104 111-166 133
Mammon piver 98 111-156 136
Detlamen river 68 106~160 134
HMASSET INIET 450 106-166 134
SKIDEGATE INLET (Haan's er.) 10 107-128 114
CUMSHEWA INLET (Palent er.) 79 106-195 138

Np significant differences in the Pyloric caeca counts can be
demongtrated from the above samples with the exception of Haan's eresk 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 sumary the material thus far gathered pemmits of no definite
eonclusions concerning racial differentiation in pink selmon. Variations are
indicated between rivers in the gill raker counts but none are evident in the
counts of caeca. In order to pursue the matter further samples have been
taken from socuthemrn British Columbjia during the present year, viz.- Morrisen
sreek, tributary to Puntledge river on the east coast of Vaneouver island, -
100; Harrisen river near Harrison rapids, tributary to the Fraser river - 1.0;
Harrison river below railway bridge - sa. 25; Chehalis river, tributary %o
Harrison river, -~ 100; Lorenzetti ereek, tributary to the Fraser neap Hope =~
100, Sucker oreek, tributary to the Cogquahalla river at Hope, - 69, This
total of approximately 400..samples is now being worked ower.

A.L. Pritchard No. 10

The Age of Chum Salmon in British Columbia

In a Summary Report for 1940 (No. 12, page 16) 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 accomplish-
ing this aim was to locate and summarize the data which have alrsady been cole
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 aprroximately 4,600 determinations have been discovered for
the following localities: Qalicum, Nanaimo, Chemainus, north coast of the
Queen Charlotte islands, and Nootka sound. During the season of 1940, 332
8cale samples were collected from fish taken on the east coast of Moresbhy
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island, Queen Charlotte islands. During 1941 more material was procured with
¥he help of certain canneries as follows: 400 sets of soales from Athlow bday
on the west coast of Graham island, Queen Charlotte islands, through British
- Columbia Paekers Pacofi cannery, 180 from the Barkley scund district, west
coast of Vancouver island, through British Columbia Packers Kildonan cannery,
042 from the Nootka sound area, west coast of Vancouver island, through Noatka
Packing Company's Nootka cannery, and spproximately 100 from the strait ot
Georgia through British Columbia Packers Imperial camnery, Our thanks are ex-
tended for the fine co-operation which has been received in this experimens,
The actual examination of the scales and the summarizing of the
material is somewhat tedious 2nd will probably consume two to three weeks
timo. It is hoped, however, that this period will be available during the
coming year g0 that the data on the complete seriss of approximately 6,000
samples may be presented.

ReE. Foerster and A.L. Pritchard No., 11

Relation of Egg Content to Total Length and Weight in the Soekeye and
Pinic 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 individuwal. From this average and the total nume
ber of females in the run, the potential egg deposition was caleulated,

The following sockeye salmon were handled at Cultus lake, British
Columbia: 1932 - 46; 1933 - 473 1934 - 75; 1935 - 55; 1937 - 35, and 1938 « 47.
In addition 112 femsles bearing the distinetive Cultus lake mark were taken from
the fishing areas in 1933. The tatal involved was thus 417. For pink salmon
at reClinton creek, Masset inlet, British Columbia, the following were employed:
1930 - 97; 1932 =~ 73; 1934 - 165; 1936 - 91; 1938 - 40, and 1940 - 70, or a to-
tal of 538.

411 the eggs in each ovary were counted, particular eare being exere
ciged to consider only specimens with unbroken ovaries. In order to avoid
the introduction of age as a variable factor, only sockeye in their foursh
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-
8ible, it is not believed that any appreciable number of older or younger fish
was included. Since all pink salmon thus far encountered have besn found to
mature in their second year, no similar difficulty was apparent.

For both sockeye and vink salmon females, there is a signiticant
Positive correlation between the number of .eggs contained in the ovaries and
1l - the total length (from the tip of the snout to the middle of the fork of
the tail), and 2 - the total weight. The yearly mean nuwmber of eggs for the
Tuns, when plotted, show similar trends of inecrease in each species.

" Inspeetion has shown that for any run.the straight line obtained

from the original data by the method of least squares, the regression line of
ggs on length and eggs on weight calculated from the correlation coefficient
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and the "power" curve obtainsd 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 rerely the result
of the inherent variability of the sarmple. Goneralized relationships were
therefore worked out by calculating the equations of the straight lines for
all the data for each species by using the method of least squares on the
rnean 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 eggs rose for sockeye 135
and 1,100 respectively, and for pinke 57 and 472.
Two important implications are suggested:
1. - In the exploitaticn of salmon any effort which tends to remove lar~
ger fish will proportionately reduce the egg deposition and thus
militate against the normal conservation of the species.
£+ = Bince egg content varies direetly with size, due caution must be
observed in using data pertsining to this charscteristic to in- >
dicate racial differences between salmon in various streams. Varis-
tion as a result of sampling may be sufficient to demonstrats a sig-
nificant difference between two separate ¢ollections from & given
run in the same yaar.
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Natural Propagation of Cohe Salmon in Tributaries of the Cowichan River

In continuation of previous investigations, a recerd was kept of the
spawning run of 1940-41 in Oliver and Beadnell creeks, two small-tributaries
of the Cowichan river. Counts wers again made of the fingerlings descending
these streams between the beginning of Mareh and the end of Aungust. The work
entailed the part-time assistance of one man during about six menths,

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

0liver Beadnell
Total ne. of cohoes 810 99
No, of females 293 39
Desd, spent and stripped femalss 46 1l
Females remaining 247 38
Egezs presumed available for )
deposition at 1,950 per female 481,650 74,100

Downstream migrants resulting from these eggs wers counted as fol.
lows:

Oliver Beadnell
Number of fingerlings 146,279 22,274
Percentage of presumed
deposition 30437 30,06

A few fish remained in Oliver ereek when the necessity of providing
for the passage of upstream migrants in the fall of 1541 mede oounting im-
practicable.

A record was kept of potential predaters appearing in the traps
with the young cohos, These includsd yearling cohos and yearling and older
brown trout, cutthroat, steelhead and char, in the following numbers:

Coho Brown Cutthroat Steelhead Oﬁar
Oliver 560 33 608 37 5
Beadnell 1,061 183 316 85 0

While it would seem that the small population of Beadnell 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 ocutthroat appears to be the
greatest consumer of first-year cohos,

4 oomparison between the production of cohos in 1941 with findingas

in previous years is appended.
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Oliver

Potential Percentage trapped

No. 12
Beadnell
Potential Percentage trapped

deposition as fingerlings dsposition ag fingzerlings
1939 330,176 14,42 - -
1940 665,280 11,84 433,440 40.01
1941 481,650 30.37 74,100 30.06

Perrls Neave

No, 13

Return of Marked Cohos of 1937 Brood Year

The 1940--41 coho run in the Cowichan river included fish vhich had
been marked as fingerlings at the Cowichan lake hatchery. Records of these

marked cohos from salt water were given

in a summary report, 1949, Data re-

garding the number returning to certain spawning grounds are presented here-—
with. This information was obtained mainly in connection with the investiga-

tion outlined in the previous report.

The marked fish (25,739) wers the hatohery.-raised product of
146,277 eggs colleoted from seventy-four females entering the Oliver e¢reek
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,
two creeks from which the eggs had been ta

315 merked fish were trapped in the
ken, this number represemnting 36.7

percent of the total run of 858 fish of this brood yoar. Sinee the eggs

from which the marked fish were derived represented only 19.4 perecent of the
estimated deposition in these stroams, mortality of the hatohery fish would
seam to have been considerebly less than that attending natural propagation

in this instance,

An additional twenty-five marked cehos were cawght in the upper
Cowichan river, thus accounting for 340 which had reeched the neighbourhood
of their spawning grounds, In view of evidence (through taegging of fish
caught in the river) that a considerable number of marked fish did net enter
0liver or Beadnell creek, it is unlikely that fewer than 400 returned to the
upper Cowichan river. This would repregent a return of 1,55 rercent of the
fingerlings released, or 0.273 percent of the egegs 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. Tt is ten—
tatively concluded that these fish, or some of them, are cohos which have
walted until their fourth year to return to fresh water,
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Return of Marked Cohos of 1938 Brood Year

Hatchery-raised fingorlings released in the Cowichan lake pool in
Oc*tober, 1939 weres marked as follows: ’

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

Lo% 2. Offspring of third-yeer females and secand-year ("jack") males,
8,567, dorsal and adipose removed,

Six from lot 1 and three from lot 2 were recoversd as jacks in the
run of 1940-41 at or near the point of liberation,

Further data regarding marked fish have been obtained in the sunmaer
and autumn of 1941 by the present writer in collaboration with Dr., A.L. Prit-
chard,

Recoveries reported from salt water are as follows:

Lot 1.

Locality Date No. of returns
Swiftsure banks July 3
Cape Flattery July, August 4
Porlier pass July 1
Hornbvy Io July 1
Cape Lazo culy 1
Ucluslet August 1
Neah bay September 3
Poin? Roberis October 1
Cowichan bay September, October 4

Total 21

Lot 2,
Orofton December, 1940 1
Kyuquot August 1
Camano I. - September 1
Cowichan bay April, October 4
Total 7

Nine marked fish (of both lots) were reported frem e total of 3,560
cohos landed at Cowichan bay between Augnst 23 and October 21,

Return of marked fish to the Cowichan river system was investigated
at Skutz falls in Septenber and October and subsequently in certain tributary
streams near Cowichan lake, At the former locality 1,189 cohos (including
67 Jacks) were obtained, mainly by dip-net, These included twenty-two marked
Tish of lot 1 and seven of lot 2, Operations heres entailed the attention of
three men (including an investigator) for two weeks and the part-time presence
of an invesVigator and an assistant for an additional two weoeks, All fish
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secured were tagged for the purpese ef secuwring data regarding the sizae of
the run and tho percentages of marked and unmarited fish appearing subssequently
on certain spevming grounds nenr Cowichan lake, :

Interim figures relating to the spawning runs in Oliver oresk and
Beadnell creek (fram which the 8ggs were originally obtained) ars as followe:

Number of unmarked cchos (excluding Jacks) 197

" " manrked " 142

Lot 1, 52

Lot 2, 20
Perocentage of marked fish in runs 41,9

It i1s probable that less than half the total run hag entered the
creeks to dates The investigation is being continued and observations are
being made on other tributaries of the Oowichan river system,

A.L. Pritchard and A.L. Tester Neo. 15

Studies on the Food of the Coho Salmen in British Columbhia

During the three years, 1939, 1949, 1941, during whioch oellections
of salmon stomachs have been mads from fish taken in the cormercial catches,
although the major sttention was paid to the spring, a goodly number of
cohoes have also been received, These amounted to 44 in 1939, and 131 &n
1940, The returns for 1941 are not vet complete but it now appears certain
that a sizeable quantity will be on hand for inspeotion. The food {tems
have been examined in a similer manner to those contained in the spring salmen,

The following organisms Bve been identified: GCoho salmon (Onoor-
hynchus Idsutch), Iantern fish (Lampaniehthys nannoshir), Paeifis herring
(Clupea pallasiis s Pllcherd (Sardinops oasrulea), Anchovy (Engraulis mordsx),
Sand lance (Ammodytes personatus), Oapelin (Mallotus catervarius), Saury 1Oolo-.
labis saira), Black cod (Anopoploma fimbria s Whiting (Theragra ohalcogramnas,
Hake (MerIuccius productus), Rockflsh (Sebaetodes sp.), Red feed (Buphauslda),
Amphipods, f;opoda, Crab larvae, Goose Barnacles and Velella {Coelenterate),

No attempt should be made to draw definite quenti tetive conclusiona
from the data. Such a course is unjustified on the bvasis of only 175 sempleas.
It may be stated, however, that a wide renge of organisms is included in the
dist. 1In addition although fish appear in great numbers, invertebrates oc-
cupy a more Important proportion than they do in the case of the spring salmon,
These studies are being continued in co—~ordination with those on the related

specles,.
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Spring Salmon Marking Bxperiments

During the yeer 1941 returns were expscted fram 25,000 apring sal-
mon fingerlings from 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 ani the latter by the re-
moval of both ventrals only. Up %o the present no returns have been received,

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

The sccond 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 teken in the game fishery in Cowichan bday,
The contribution of the Cowichan to the general commercial catch was not undepr
examination, Thus though extensive inspsction was made in Cowichan bay it.
self, other areas were neglected. The third interfering factar was the change
in the spring salmon fishery, During recent years individuals of the specles
have been used principally for the fresh and mild-cure market. In this field
oxtreme care is exercised to procure fish in good condition without blemish
(lacking scalss or with cuts)., If springs are in poor 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 prefsr not to report
them. A fourth explamtion 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 normzlly occurs. They may thersfore ramain
at sea an extre year and return next fell, 1942,

In spite of the leck of returns this year further marking experimentas
are desirable, The spring salmon fishery is highly important and as mch
information as possible should be obtained to allow sane and efficient regule-
tion and conservation, Not the least importent 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 fel$
for the maintenance of its run which is one of the most important on the ecoast.
It 1s now an opportune time, therefore, to assess the contritution of & river
such as the Cowichan to the gensral 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, More fish
should be marked in any given experiment. Allovance for this has been made by
collecting approximately 300,000 spring salmon sggs on the Cowichan thig year.
A thorough advertising programme should be conducted so that no one will bse

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
which the start was made was too late, In the next year it is hoped thet 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 diseussed
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with as many fishermen's organizations as possible and the industry will be
fully informed. The actual collection rrogramme will have to be revised te
suit the new conditions of the fishery. In wiuis it is hoped that the usial
co—operation of the fishery officers and the buyers may be forthcoming. The
fisherman can report the mark to the buyer who can keep it separate until
inspection can be made by a fishery officer or other accredited examiner. Tt
will thus be unnecessary to damage the fish ia remeving the scara.

It should be stressed that this effort should be as widespread as
possible. There have beea ab least 50 spring salmon marking experiments
carried on in Washington, Oregen and British Columbie from which refurng are
expected. Every pressure should be excrted to obtain recoverics which will
furnish so much valuable information. Alrcady the co-operation of the Wash-
ington State Fisheries Department end the United States Fish and Wildlife
Service in collecting and paying rewards hes been unstintingly offered. No
doubt much time will have to be used in adveriising end collecting but it
would appear that 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 Columbila in 194)

This is the third year in which spring salmon stamachs heve been
collected fram fishes teken 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 amd 47 respectively, As a result of the analysis in
1939, it was discovered that herring and sand I v-2 were the two most im-
portant food items. Red feed (Fuphausids) assumed some prominence in certain
districts such as Kyuquot and Barkley sounds. Other fish were taken in oon~
siderable numbers. The proportion of the various foods in the dlet varied
from area to area and from month to month. In 1940, herring, sand launce and
pilchards appeared as the three most important items., The addition of
pilchards was undoubtedly due to the unusual eppearance of large amounts of
emall individumls of the species along the coast during the spring and summer
of 1940. Other conclusions drawn in 1939 were confirmed.,

In 1941, an increased effort was made to enlarge the soops of the
experiment by inereasing the number of collectors, by extending the range
of collection, and by thus making aveileble more stomachs for exemination.,
The table which follows will prescnt a commrison of the effort for the three
years! :
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Number of Collectors

Area of Collscticr 1939 1940 1941

Quesn Cherlotte is. and Prince

Rupert areas 6 7 7

Centrnl British Columbia 1 4 3
Streit of Georgia (4] 1 5
Cowichan bay 0 1 1
Seanich inlet 0 0 2
Sooke end Vietoria 0 0 4
West coast of Vancouvver island 2 S _;i
9 18 25

A few ccllecters have still $o mske returns but the following have
now becn received:

Queen Charlotte is. and Prince Rupert areas 149
Central British Columbia 65
Strait of Georgi= 51
Cowichan bay 62
Saanich inlet 2
Sooke and Victoria 17
West coast of Vancouver islend 309

655

It is possible that some of the stomachs listed will be found teo be
devoid of food. In addition a few cohoes may be included, It is fairly
certain, however, that the collection will be larger than those of te pre-
ceding years and thet 1t will embrace a wider range of territory. To dats
only ebout thirty stomacias have besn sxamined from the west coast of Vansouvor
island with no outstanding discoveriess

Recormendations

It must be realized that an experiment such as this has its limita.
tions. The samples obteined from selected individual fishermen at best can only
glve a sound representation of the food of the spring selmon taken in the com-
mercial catches during the fishing season, Tt is not the final statemsnt of
the diet throughout the 1life of the fish. Undoubtedly the gear is selective
taking mostly larger individuals, Some seesons of the year are not reprosented,
To extend the eollection 1n order to complete the information would involve
sstting up a major programme. and entail quite sizeable expenditures of MONeYs
Until the Fisheries Rsscarch Board considers that this is necessary, it is
Tecammended that the investization be discontinued., The work of the thres years
gas given as much gensrsl information as can be expected under the limited cone

itions,
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The Sglmon Angling Fishery in Cowichan 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 character of the annual spring and coho runs to the
Cowichan river and in the case of the latter species an opportunity is afforded
for noting the ineidence 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 November 9 an observer wes continuously employed. The following statis-—
tics wers obtained,

Boats Lines Line~hours Springs Qohos Total

Large Jacks ‘larges Grilee
June 109 198 558 93 3 16 22 134
July 181 318 838.5 170 2 8 187 367
Aug, 680 1,227 3,477 394 30 19 247 690
Sept. 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 comparestive figures for three years for
the period August 23 to October 31, this period including the most important
rart of the fishing season,

1939 1940 1941

No, of boats 2,803 2,464 3,758

No, of lines 5,278 4,629 7,005

No. of line-hours 19,006 16,70% 23,319

No, of springs (large) 553 1,121 1,069

( jacksg 750 292 357

No. of cohos (large 3,410 1,899 3,560

(grilss) 1,069 160 145

Total fish 5,782 3,472 5,131
Nos of line-hours per fish 3.3 4.8 : 4,07

The number of anglers engaged in 1941 was apparently greatsr than in
elther of the two preceding years. Cohas were undoubtedly much more plentiful
than in 1940 end spring salmon wers also present in large numbers.

The fishery does not appear to have any serious affeet in reducing
the size of the spawning runs to the Cowlchan river, ‘




