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FISHERIES RESEARCH BOARD OF CANADA

REPORT OF THE
PACIFIC BIOLOGICAL STATION,

NANAIMO, B.C.
FOR 1941

BY R. E. FOERSTER, DIRECTOR

In spite of war-time conditions and the necessity of modifying bothpolicy and operating routine , the work of the Station during 1941 has pro-gressed most satisfactorily. ?/hile it cannot be said that the year 's re-sults have directly contributed to the war needs, a fact which has been ofserious 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 ofthe 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 effectivemeasures for regulation and conservation.
Constantly changing conditions in the various fisheries, brought aboutby the increased value of the fish, the increased efficiency of fishing method*and/or the expansion of the fishing operations into new areas necessitate aclose check being kept by the investigators on the trends of the individualfisheries and an attempt to evaluate the effects of such changes. For example,in the herring fishery a quota system of regulation has been under experimentfor the past five years. During this time the fishery has been limited eaohyear to specified tonnage and the effect of such regulation upon the catchesand more particularly upon the spawning and general abundance of the fish ha*been closely followed. A second five-year experiment has been commenced inwhich the quotas have been altered , on the basis of the previously-acquiredknowledge, and the reaction of the fishery will be carefully watched.
In the salmon fishery there has developed a tendency for the fish tobe caught further and further from the river estuaries until in many oases itis now extremely difficult to tell what fish from which river are being ex-ploited* Obviously for conservation this becomes a serious matter and requiresfurther knowledge of the migratory routes of the salmon. More attention isbeing given to this problem.
The reduction in available fish products for Canadian consumption, byreason of the heavy shipments to Great Britain, has placed a strain on shell-fish resources to fill , in some measure , this shortage. The demand for clansand oysters has risen phenomenally and with consequent very attractive pricesoffered, the exploitation of the beds has increased. For oysters, largelygrown and cropped from commercially leased beds, the problem is of less con-sequence than for clams which are harvested almost wholly from public beaches.
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Here the danger of over-exploitation and severe reduction of future potentialsupplies is very real. The extent of present digging, an assessment of theavailable supplies and the potential rate of recruitment are factors beinginvestigated 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 theStation to the efficient management of the Dominion’s Pacific fisheries, anatural resource which is of direct value in the present war effort but whichwill be of even more consequence in the post-war period. Other investigationsare of equal importance and are being developed and planned to so fit togetherthat with utmost efficiency tho essential data may be speedily obtained forpractical application in the field of conservation.

STAFF

During the year a number of tho members volunteered for Active Service,obtained leave of absence and axe now on duty. They arc Mr. J.L. McHugh (Army),Mr. W.M. Cameron (Meteorological Service), Mr.D.B. Quayle (R.C.A.F.), Mr.RobinFjarlie (R.C.A.F.) and Mr. L. Quickenden (Navy). With respect to the firstthree named, each of whom was responsible for certain research projects, specialefforts were cade to clean up work in hand and to leave records in such shapethat the progress of the research was clearly indicated and the investigationcould, if necessary, be carried readily ahead. These considerate actions haveteen very helpful. The departure of all of the men has had a definite effectupon the conduct of the work and has thrown added burdens of organization orroutine on the senior members of the staff, particularly since suitable tempor-ary assistance is extremely difficult to obtain.
Due to the enlistment of Mr. Quayle, who was in charge of the shell-fishresearch and which work it was deemed desirable to continue, a reorganizationof 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 tocontinue his interest in and supervision of the trout work, while to Dr.Prit-chard was given responsibility for the salmon projects. With Mr. Spps residentat the Cowichan lake hatchery as field officer and directly superintending theroutine operations, this new set-up is meeting the situation most admirably.
In July, Mr. Anderson returned to his duties as Junior Technician inHydrography, 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."--i.P. Knight", transferred in the spring to Alberni Inlet forthe hydrographical survey of that body of water, failed to meet the conditionsdemanded of it by the routine of the investigation. Built in 1926 it was equip-ped with a somi-diesel engine which for a numbor of years has given very indif-ferent service. Probably, too, frequent laying-up of tho boat and tho lack of
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The boat was re-an experienced engineer have contributed to its condition,,
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 i-egular 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 pieces
of research or dealing with phases of major investigations have been prepared
and placed in the library,

ACKNG .'/LEDGEMENTS

During the year the Provincial Fisheries Department contributed finan-
cially to the pilehard-herring and shell-fish investigations. For this and the
advice and co-operation given on many occasions by the Assistant Commissioner ,
Mr. George J. Alexander , grateful acknowledgement is made. Relations with the
officers of the Federal Department of Fisheries have been most harmonious and
inspiring and , on behalf of the members of the staff , I should like to express
deepest appreciation of the co-operation extended by Major Motherwell, Chief
Supervisor of Fisheries for British Columbia , Supervisors Tait , Boyd and Mac-Lood and their many field officers. Their help is of very material benefit
to our work.
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 1940 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 Mr. Cameron remained at McClinton 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-r
sions are hardly warranted the 1941 data show that the losses occurring from
spawning to migration night be divided 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 mere coincidence that the rough estimates above , when
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applied to the 1S40-41 spawning give a fry survival of 22555, very close to
the actual determination - 19.055». 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 Ivlasset 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 caeca counts ( 539 ) reveal no
differences. The study is being extended to southern areas during 1941, for
comparison between major areas.

Chum salmon

A collection of approximately 1200 churn salmon scale samples was
obtained from various fishing areas. Those were taken to study the ago 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 Mr. 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 due to the much 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 spawning in it was much loss ( 74,100 eggs ) them in Oliver creek ( 431,560
eggs ).

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 1.55 per cent of the fingerlings released , or 0.£73 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 ) aro now being recovered on the spawn-
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 tho strait
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These experiments indicateof Juan de Fuca and in the strait of Georgia,
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. A 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 imrked springs were reported and the reasons for their
non-appearance are not clear. However, information 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 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 launco were the two most important food constituents; in
1940, pilchards entered 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.

CO',71CHAN RIVER INVESTIGATIONS

Salmon

The studies conducted by Mr. Neave on the coho 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 1939 and 1940 and
reveal the general size and character of the runs of those 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.
three years’ records are: 1939 - 3.3; 1940 - 4.8; 1941 - 4.07.
with the escapement to the river the sport fish catch does not severely reducethe populations of either species of salmon.

Expressed as number of line-hours per fish the
In comparison
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Trout

One of Tihe 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 recoveries to date have all been within a
few miles of the point of liberation but they show local movements
between the lake and the river and between the river and its small tri-butaries.
For steelheads only 54 recoveries have been made from the 80,834 markedfingerlings liberated and all except one v/ere from fresh water. Re-covery of sea-running individuals is expected this winter.
Of 2,976 rainbow trout liberated in January , 1941, nine have been re-turned, ail near the point of release and of small size.
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 occurred but the paucity of returns is most striking.
On the contrary , among brown trout , a return of 53 was obtained from a
liberation of but 303 during April , 1939. All returns were within halfa mile of the point of release. The fish had experienced remarkably
rapid growth.

( 2 )

( 3 )

( 4 )

( 5 )

It is not anticipated that any further markings of trout will be at-tempted in the Cowichan system but efforts to recover those already markedand released will be continued.
The investigation of the steelhead .runs in the Cowichan river was con-tinued by Mr. Neave during the 1941 winter fishing season ( January to March )

and showed a reduced catch , on the basis of catch per unit of effort , namelyone fish for 5.8 hours fishing , as compared with 4.9 hours in 1940 and 3.5 in1939. The reduction in catch was apparently duo to a relative scarcity offourth year fish which in other yoars constituted the bulk of the winter run.The reduction in this year class is not considered to represent any depletionsince the number of fish taken by anglers in recent years has constituted asmall part only of the run.
MARINE FISK INVESTIGATIONS

Herring

The herring investigation has resolved itself largely into thecollection and analysis of the data pertaining to the annual populations,both in the fishing areas and on the spawning grounds. The pertinent fea-tures thereof , such as abundance, availability, year classes and size , arestudied and their significance evaluated. Certain studies are also beingcontinued on migration of herring and the relationships of the various geo-graphical stocksc
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During the 1940-41 herring season the total catch amounted to over
94,000 tons, of which 76 c 7% was taken in the fishing grounds in the vicinity
of Vancouver island , while the balance , 23.370 came from northern areas. In
the previous year the larger catch of over 150,000 tons was taken as follows,
45% in waters adjacent to Vancouver island, 37% along the central coast line
and 16% in northern areas * The decrease in 1940-41 is largely due to the
general failure of herring to appear in tho central and northern fishing
grounds prior to the closure of the season. In the southern areas, on tho
contrary , the availability of the fish was much 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 1958 year class (III year fish ) made up the bulk of the
catch. For 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 wore 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 comparison with former years is concerned because
of the general scarcity of fish during the fishing season. Extensive scout-ing occurred and several new areas were exploited for the first time. Com-parison of mean length and age with samples examined last year is possible in
only five cases and tho data indicate generally a decrease 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 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 lower than in 1940 but northern areas
showed perhaps a slight increase. These records are exceedingly valuablo in-dices and an effort is tc be me.de 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. Qpotas 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 faras 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 increased. 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
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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 course, the per-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 analyses
and statistical comparisons of length and weight ranges, age class represen-tation and vertebral number, the second by tagging and recovery of the popu-lations in individual areas.

For the older-established areas of the east and west coast of Van-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 distinct but
a certain small degree of mixing does occur. For northern areas 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 distinct rates
of growth and that significant differences in "condition" are so apparent
that between the four major areas extensive intermingling is unlikely. With
respect to vertebral counts and age composition, also, the differences in-dicate that intermingling y/as either limited or absent, with one exception.

The tagging experiments, carried out by Dr. Hart, Dr. Tester, Mr.
McHugh and Dr. Boughton, reveal much more directly the migratory habits and
intermingling tendencies of the individual herring stocks. Tho returns ob-tained during the 1940-41 season confirm earlier evidence that for practical
purposes the herring of the major areas, i.e., east coast of Vancouver island,
west coast of Vancouver island, Queen Charlotte sound, central coastal area,
northern districts, may be regarded as separate 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 increase in herring canning has very significantly affectedthe herring tag recovery work. Tho tagging methods were originally deviseda number of years ago when the bulk of the catch was taken to reduction plants.In those latter, magnets placed in the meal line recoverod the tags. Whoreherring are canned, however, and in spite of the fact that the offal is takento reduction plants, the recovery of tags has been low, suggesting that thetags 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 installationsare costly and require constant attention, hence are restricted to the mostimportant plants. If herring canning on an extensive scale is to continue,as seems likely, new methods must be inaugurated, either to improve recoverymethods or adopt a new tagging system.
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Pilchards

During 1941 v approximately 52,000 tons of pilchards were takenby the British Columbia fleet, the largest catch since 1938. Availabilitycalculations derived by Dr* Hart indicate that the fish were mare readilyavailable to the fishermen than in any year since 1934, the average catchper seine for the season being 2350 tons. In 1940 it was 1175 with a catchof 28,770 tons and in 1939, 210 tons with a catch of only 5,523 tons. Theserecords show the variability of the pilchard fishery, dependent largely onthe extent of the general population which moves north from California watersand its age class composition, since indications have been that only the ol-der fish come as far north as the British Columbia coast.
Eov/ever, the 1941 population was characterized by the very small sizeof the fish, none as small having been taken for sevoral years. The nnusualabundance, then, in 1941 was evidently due to the presence of two or moreabundant year classes of young fish and the development of suitable hydro-graphic conditions which brought these young fish into the areas.
During the year 21 tags were recovered in British Columbia, 18 ofwhich were of California origin, one from Oregon and the remaining two fromBritish Columbia. In addition, two B.C. tags were recovered in Vfashingtonwaters and one in California. Three of the California tags had been outfor a full four years, six for three years, six for two years and threefor one year.
During 1941, one thousand pilchards of the 1939 year-class were taggedat Pender harbour in the strait of Georgia. Other taggings of this yearclass in other B.C. areas are proposed. The tagging of pilchards in outsidewaters off the B.C. coast has been discontinued because of the unsuitablecondition of the fish for tagging and lack of necessary equipment.
Pilchards of the 1939 year class which invaded British Columbia watersin such unusual numbers last summer, 1940, continued to show up abundantlyaround the coast. Though heavy mortality occurred during the winter in oer-tain areas, Saanich inlet and Pender harbour, a large part of the populationapparently survived. Observations by California authorities inchoate thatthe 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 observedin west coast areas but not on any large scale.

Ling cod

The ling cod fishery is an important contributor to the freshfish trade and information is desired by the Department of Fisheries par-ticularly on rate of growth
, age 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 163 individuals. Of these, howovor, 16 were subsequently recovered in
the commercial catch. In addition, 17 tags of earlier taggings were returned.
Of 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, show’s generally that over
the size range from 800 to 1100 mm. while length increases 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 bulletin, 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 numbers in west coast of Vancouver island areas and also in the strait
of Georgia, frequently mixed with pilchards. Some of them have been caught
for reduction purposes. Preliminary sampling by Dr. Hart has been under-taken and has shown that in both 194C and 1941 anchovies of the 1939 year
class wore present on both coasts of the island, that on the west coast in-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 quantity of these fish was taken by
Canadian boats off the Washington and Vancouver island coasts. It is plan-ned to make 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 fishwere tagged during July but already 3 tags have been returned. A secondtagging effort is now under way in the southern waters of the strait of Georgia*

HYDROGRAPHY

The hydrographical research during 1941 has been confined largely totwo major projects, the continuation of sea water observations along theBritish Columbia coast and the initiation of a hydrographical survey ofAlberni ini et.
During the year, sea water samples were taken by the lightkeepers ateleven lighthouses on the coast, through the co-operation of the Department

of Transport, and at three special stations, Departure bay, Prince Rupertharbour and in the Fraser river at New Westminster. From the temperature,salinity and density determinations so collected, the trend of conditionsin the sea along the coast may be traced and correlated eventually, it ishoped, with the movements of fish, etc. Long-term series of data are neoes-sary before the results are of much significance.
In May the investigation of Alberni 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 anderecting suitable markers, developing a routine, etc., had been carried out,the programme of intensive observations commenced on May 28 and was continuedto July 19. Trouble then developed with the engine and the manipulation ofthe variable pitch propeller and made it impossible to maintain the regularschedule of observations up and down the inlet,

reduced and confined to the head of the inlet so that the conditions in thehead during the presumed critical summer low-water period might be deter-mined. On September 15 the operations were terminated and the "A.P.Knight"returned to Nanaimo. The data collected during the year are being analyzedby Mr. Tully in an effort to determine what leads, with respect to futurework, the interrupted observations may reveal.

Subsequently the work was

No plankton collections were made in Alberni inlet in connection withthe investigation. During the summer, however, Dr. A.H. Hutchinson devotedconsiderable time, as a voluntary worker at the Station, to the developmentof a suitable routine plankton collecting and analyzing technique.
During the year Mr. Tully endeavoured to carry forward the writing upand submission of his wealth of oceanographical data pertaining to thestrait of Georgia, Juan de Fuca strait and west coast of Vancouver island.Much field work was accomplished in earlier years and the results will forma valuable contribution to our knovfiedge of the movements of coastal watersand their relation to the migration of salmon, herring, pilchards, etc. Thedata are of little value when buried in files.
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Recently Mr. Tully has developed a theorem of turbulent flow which

will he of direct application in studying the volume transport of water
and current velocities in coastal areas. Heretofore the only methods avail-able were current meters, chip logs, and 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 larvae to certain effects. However, the manipulations with-in the lagoon were not successful. It is now suggested that small-scale lab-oratory experiments under carefully controlled conditions might prove more
productive than tests in situ.

Clams

At the time of Mr. Quayle's enlistment in the R.C.A.F
took over the clam work and has continued with the field programs, viz
collection of commercial clam catch statistics, tests of the productivity
of clam 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 dig-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.

Mr.Neave•)
•f

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 he effectively used, tests are pro-posed. Related problems are the times of seasonal incidence of teredo lar-val sotting and the effects of the dynamite 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 ad-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. salmonicida. 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, 9 became infected whereas among 30 vaccinated individuals only 3
took infection.

A suitable vaccine having been finally developed, there seemed no
need to prolong the investigation, hence on Octobèr 31st 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 Bacteriological
Laboratories of the University of British Columbia.

OTHER INVESTIGATIONS

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 Alaska
and Bering Sea.

Mr. Munro, 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, etc. are discussed.
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A.L. Pritchard

Natural Propagation of Pink Salmon in McClinton Creek , Masset Inlet ,B » C « - The Pry, iligration in the Spring, of 1941

No. 1

The investigation of the natural propagation of pink salmon wascontinued in 1941 at McClinton creek , Mbsset inlet , with the count of the frymigrants leaving the stream in the spring. The data collected are now com-plete for six cycles, viz.- 1930-31, 1932-33, 1934-35, 1936-37 , 1938-39, and1940-41. 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 February11. Thereafter until March 6 only a few individuals appeared. From March 7 ,when 245 were taken, the numbers increased. The main portion of the run,amounting to over 70 ,000 per day , took place between April 3 and May 1, witha maximum of 571,000 on April 28. The migration was approximately two weeksearlier than usual, a condition reported as being fairly general on the coastand ascribed to the comparatively moderate autumn and winter conditions.The counting fence was operated from February 11 until May 29 , atotal of 106 days. Water conditions were particularly favourable in that itwas necessary to remove the screens on only four nights, - at 2.00 A.M. onMarch 23, and all night on March 6, May 15, and May 18. It was fortunate thattwo of these mishaps occurred early in the run when few fish were migratingand that the other two took place when the run was almost over. Even if thefish which escaped were neglected entirely , it is felt that the resulting errorin the figure for hatching efficiency would be small. Estimates have been made ,however, using certain incomplete counts and the general qualitative knowledgeof the behaviour of the fry during migration. The figure is set at 28,000.The total number migrating, 5,060 ,725, was calculated as follows:counted - 2,030,979, weighed - 2,995,746, and estimated - 28,000. Since thepotential 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 McClintoncreek :

% Hatch
Year Males Females Total Av. No. of

Eggs
Potential Egg

Deposition
FTy

Migrants

1930
1932
1934
1936
1938
1940

1,535 ± 12
1, 758 t 15
1,799 t 11
1,899 ± 12
1,698 ± 19
1,619 ± 17

32 ,955
8,003

77,477
24,221

33,198
7,599

77,710
28,091
5,028

16,454

66,153
15,600

155,196
52,312
10 ,577
35,525

50 , 950,000
13,360 ,000

139 ,000,000
53,345,000
8,500 ,000

26 ,500,000

5,384,000
2, 230,000

12,600,000
3,675,000
2 , 020 ,000
5,061,000

10.6
16.7
9.1
6.S5,549

23.8
19.0

19,071

In a Summary Report for 1939 the writer pointed out the fact thatthe email spawning of 1932 had given rise to the high percentage hatch of 16.7 ,while that of 1936 produced 23.8$>.
years was compensated to a certain extent by the raised efficiency,tage was further maintained this season by the 19% return. The fry migrationwas almost as large as that from the 1930 run where nearly twice as many eggswere involved.

Thus the relatively small deposition of both
This advan-
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General conclusions are certainly not warranted without the accom-panying intimate discussion of the results. However, attention should hedrawn to the fact that from the three relatively small egg depositions, namely,.»1932, 1938, and 1940, significantly higher percentages in fry migrants resulted.It is frankly admitted that these do not produce as many young fish in actualnumbers. The phenomenon indicates, however, a strong resilience on the partof the species, and suggests that it may build up quickly from a reduced popu-lation.

A.L.Pritchard No. 2
Efficiency of Counting, Weighing and Estimating in Assessing Numbersof Pink Salmon Pry

In the preceding Summary Report, the total count of fry was shownas divided under three captions, viz.- counting, weighing, and estimating.The first two methods might be termed direct and the last indirect. In orderto gain an idea of the general accuracy of the whole experiment, it is neces-sary to assess the efficiency with which all three procedures may be carriedout. Each year, insofar as possible, experiments have been conducted to check.The following report sunmarizes the results obtained during the migration of1941 and makes comparison with those of other years.
Counting. - In the actual oounting manipulation, a number of fry are placed ina shallow cheesecloth tray set in a trough filled with water. Prom this theyare 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 atally hung in a convenient location. The method of checking involves havingthe complete crew of workers count out a number of fry which are transferredto a retaining trough, in this case in the eyeing station on the premises.Later a direct recount is made or the number is obtained when the fish aremarked out. The difference in the two counts is taken as the possible error.

The following data were obtained from the 1941 experiments:

Date First Count Second Count Error

»4$May 2& 3
May 6
May 8& 9

10,156
3,857
4.520

10,196
3,934
4,471

+40 or +
+77 or + 2.0$-49 or - 1.1$i

.4$TOTAL 18,533 18,601 +68 or
The error obtained in 1941 was slightly larger than that shown bythe combined checks for 1933 and 1937,.4$ as compared with .1$. It still re»mains so small as to be almost negligible, amounting in the total count of2,000,000 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 described in some detail in a Summary Report in 1939.
Briefly, a number of fry were poured from a dip net into a wire basket and
weighed on a Pelouse dairy scale. Certain of the weighed groups were counted
before release while others were dumped without counting, prom the ratio ob-tained between the weight and numbers in the groups counted each day, the fry
released without counting could be assessed. Error wa6 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 following tabls lists the results of nine such tests:

Weight in lb.Date Actual No.Estimated No. Error

- 61 or - .4#-133 or - 1.0#-150 or - 1.1#- 70 or - .5#
+201 or + 1.4#
+105 or +- 74 or - .5#+814 or + 4.1#
+327 or + 2.1#

April 19 8,37
8.47
8.43
8.70
8.92
8.43
6.57
12.25
9.47

13,905
14,071
13,692
14,131
14,347
13,559
14,087
19,159
15,053

13,844
13,938
13,542
14,061
14,548
13,664
14,013
19,973
15,380

19
20
20
21 .8#21
22
30
1May

.7#TOTAL 81.61 132,004 132,963 +959 or +

The errors listed above appear çuite 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 make their appearance.
The mixture of these three species of fry of different sizes lowere the ac-curacy of the operation.

If the nine experiments are gathered into one, the error amounts 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 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 error 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
year. In the spring of 1041 weather conditions were such that it was not neoes-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 loss
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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 hourof darkness up to the time of lifting and multiplying that figure by the hourswhich 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 theyear 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.

No.3A.L.Pritchard

Pink Salmon Marking Experiments During 1941

During the autumn of 1940 recoveries were obtained from anothermarking 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 ofnote. In the first place, at McClinton creek itself only 2.2 per cent, ofthe 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 (theMcClinton mark) were discovered in two other rivers tributary to Masset inlet.This condition, involving as it does, an emigration of marked fish from Mc-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 relativelylarge number of returns were received for the first time from south-easternAlaska. 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 McClinton creek in 1941by 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 thusreduced 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 ofmanipulation and left the chance of confusion if the poorly cut adipose finsregenerated. 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 weremarked by the removal of the adipose and both ventral fins. The remaining
196,297 out of the total of 200,766 were marked by removing both ventrals
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only. Every effort was made to nark 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
Migration. Cameron - Mortality of Pink Salmon Pry During Downstream!•£•AU »

Recommendations
The writer has pointed out many 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 undor
way with the United States Fish and Wildlife Sorvice to maintain one inspec-tor in Eouth-eastern Alaska and perhaps increase the number. More intensive
efforts will be made to ensure that the cannery managers and other members
of the industry as well as the officials of the Fishery Department are entirely
familiar with the fact that returns are expected.

W.M. Cameron No. 4

Some Physical Characteristics of Pink Salmon Eggs 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 eggs
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 Covdchan lake in an attempt to determine the
proper allotment of shells and egg fragments which were known to constitute
a small proportion of every sample. A resume of the findings has been sub-mitted in summary 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.
1. The source of whole shells in the sample.

Breakage of live or translucent eggs results in the appearance of
shells in the collecting 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 infertile eggs 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 resis-tance of the "chorion" of the two types to rupture.
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The proportionate recovery of these categories under natural con*ditions was checked by burying known numbers of each together and diggingthem up in the normal way. The discrepancy favoured the fertile eggs veryslightly but it was concluded that in the proportions which are known toexist in nature this difference would have no noticeable affect on the finalfigure.
2. The recovery of disintegrating eggs

Dead eggs aje known to break at much lower pressures than live ones.Due to the coagulation of the yolk and subsequent infection by fungus, theshells are usually noticeably different from those of live eggs and can be soallotted. It was necessary, however, to check the possibility of lower re-covery which might result from disintegration.
In the case of coho salmon, two lots of eggs were expressed frommature females. One of these groups was fertilized. At the end of six week*in the hatchery, the infertile eggs were agitated to injure the vitellus andallow infection by fungus. One month later the infertile eggs were heavilyfungused, soft and broke up readily when disturbed. Equal numbers (250 ofeach) of infertile and live eggs were counted out and buried together in thegravel of a small stream nearby. They were immediately collected in the nor-mal manner. From the resulting material it was necessary to estimate thenumber of a great proportion of the infertile eggs by piecing together smallfragments. The greater the fragmentation, the less was the relative recoveryof the dead. The average figure for four experiments was .72 with a rangefrom ,64 to .90.
In the fall and winter of 1939*1940, closely similar experimentswere carried out on pink salmon developing in the colder waters of McClintoncreek. Here fragmentation was much less and fron 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 todetermine the decomposition of eggs which had been killed during the pre-eyed and eyed stages. Instead of burying these samples, they were placedin a large tub with gravel and an effort was made to duplicate the amountof crushing which would occur in the process of excavation. The eggs werethen ’.«ashed into the net and the recoveries examined. In two cases moreeggs were 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 similar manner to the eggs recordedimmediately above. The recovery from five experiments was .98 which was re-markably efficient.
Artificial conditions such as were represented in the experimentsdo not necessarily produce similar results to those present in nature. It wasobserved that some alevins recovered from redds showed relatively less growthof fungus than those which had been dead for the same length of time in thehatchery. A light growth might possibly be less effective in holding to-gether the dead material and thus cause a lower recovery. The problem callsfor more study in an effort to duplicate a variety of natural conditions.At the present time it is proven that the calculation 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 Sggs During Incubation and Sarly 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 quantitative
information on the losses occurring during the incubation and early alevinage
of the pink salmon eggs in McClinton 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 representative 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 two categories viz.1 -shells and 2 - complete eggs and alevins. The dead eggs were reoorded under
1 - shells, 2 - heavily fungused, 3 - pre-eyed, 4 - eyed and 5 - alevins.

To assist in the comparison of results it was considered advisable
to calculate 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/J). 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 redd6 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 calculate what the mortality • ould 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 in-eubation and alevinage.

A study of the derived mortalities in the form of a frequency dis-tribution showed the mean "total1'' mortality in incubation and early alevinage
to be in the neighbourhood of 30/6.

Nine redds out of the 84 marked were destroyed by flood action
shortly after deposition. The eggs were probably entirely lost. It might
be suggested that they would lodge in the gravel downstream. Since, however*
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most of the erosion occurred during the early stages of incubation when theeggs are quite sensitive to jarring, it is possible that they mi^it 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 isfelt that such duplication will affect the average figure very little. Theloss through erosion can therefore be approximated at 10;'r.The mortality due to superimposition of redds was apparent but wasprobably largely evidenced in the figure given for redd losses , since thenumber of eggs uprooted and lodged in adjacent depressions did not make up alarge percentage of the total deposition for the area. Five per cent, is con-sidered a maximum limit and will include the eggs lost in spawning under con-ditions detrimental to their lodging in the redd.
W.M. Cameron No. 6

The Effect of Physical Conditions on Pink Salmon Eggs During Incubationand Early Alevinage.
In an effort to gain soiæ idea of the effect of the physical con-ditions of the environment upon the incubation and alevinage of pink salmoneggs, certain observations were made and notes recorded for each of the sampleredds which were narked and dug at McClinton creek during- the autumn and win-ter of 1940-1941. Three factors were specially examined , viz.- the size ofthe gravel, the degree of water circulation, and the general condition of theredd 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 toshift in changing currents , and C - large rocks orboulders ( usually associated with poor circulation,
silting and plant debris ) .

Circulation: A - Good; B - Fair, and C - Poor.
A - Clean; B - Silt ; C - Silt and plant debris( twigs, spruce cones , leaves , e t c.) , and D - Dead
branches, logs embedded in redd.

Condition:

Although these observations were strictly qualitative in nature , astudy of the records in comparison with the mortality definitely demonstratedthat the best conditions involved medium to coarse gravel, good water cir-culation and absence of silt or plant material. In some oases good returnswere encountered where there was comparatively heavy silting but it is be-lieved that this deposit was of recent origin ( probably the result of a fre-shet ) and had not had sufficient time to cause damage before digging wascompleted.
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Mortality of Pink Salmon Fry During Downstream Migration

Pink salmon fry, on emergence from the gravel after completicnn of
alevinage , migrate downstream immediately. The movement to the sea takes
place only during the hours of darkness. During the time taken to reach the

^lt water , the fry are exposed to the depredation of predators. An attempt
was made to estimate the losses which might occur from these attacks.

Two methods of studying the problem 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 bo necessary to
know the habits, abundance, distribution and behaviour of all the predators #

The labour and time involved were manifestly impossible of attainment. The
second 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 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
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. 14) . 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 maintained in the protected environment of the troughs.

The general procedure was to select fish at randem, mark them and
retain them overnight and through the following day in the hatcher}'. 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 re-
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
conclusion 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. As the population of young in the river decreases,
the "threaded" fry are taken in increasingly greater numbers. It is also sug-

s
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gested that the reason for the heavier mortality at the end of the run is anincreased capacity in the1 predator whose appetite might he enlarged and whosediet, exclusively fry, was more limited. It was readily observable that thetrout and coho fingerlings were concentrating above the fence, apparently mov-ing down from the upper reaches.
Inspection of the findings suggests that the total recovery was ingeneral detennined 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 heightof the water was above normal, fish moved out more quickly and mortality wasrelatively 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 entranceof all fish into the phase of the life history for which estimates are beingmade. Particularly is this true of fish being marked for migration experiments.The release of a greater proportion of marked fish under conditions tending toexcessive mortality may lower the proportion of the marks in the population asa whole.
Eealization of the interrelations of the factors causing mortalityin a fry migration, prevents a too definite estimate of the losses experiencedby 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 thisreason the losses for the period between March 22 and May 3 are considered.Ifit 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 considereda reasonable estimate for the main portion of the run.

W.M. Cameron No.8
General Consideration of Mortalities Occurring in Pink Salmon Duringtheir Freshwater Life.

Since the writer has for the time being discontinued the investigationof the mortalities occurring in the life of the pink salmon from the time whenthey enter fresh water to spawn (Autumn) until the time when the resulting frymigrate 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 1940are therefore summarized.
Qualitative observations during the adult spawning runs and examinationof spawned out females leads to the belief that loss occasioned by the actionof 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.Mortalities due to the superimposition of redds one on the other was apparentbut limited. Five per cent, is considered to be a maximum estimate of the pro-portion exposed by the action of late spawning females. Mortality due to dis-turbance without dislodgenBnt will be included in the figure submitted for reddlosses. Erosion has been suggested as causing 10 per cent, mortality, since 9out 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 discussed in another report and is set at about 50 per cent. No figure
is available for the mortality due to non-emergence of fry but a study of
water conditions at the time when this occurs 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 affect:

Mortalities Percentage of
potential

egg deposition

Percentage of
eggs or fry
available

Percentage
eggs or fry
remaining

90Predation on adults and
incomplete spawning

Exposed by superimpo-sition
Erosion
Incubation and alevinage
Fry predation

1010

5 855

7710 8
23 5430

60 32 22

The agreement of the final figure { 22%) with 19 per cent, which
was the actual efficiency obtained from the enumeration of the runs, is clo-ser than one might expect from the approximate nature of the estimations and
should not be accepted as any indication of their accuracy. The study sug-gests, however, that increase 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 fry* In such a programme,
however, consideration would have to be given to the fact that some of the
predators might be economically valuable in themselves and that the so-calledecological balance might be upset.

The information also suggests that the numbers of adult individuals
constituting the spawning escapement may not be the only factor influencing
the assuranoe 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 concentrated spawning period 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 associated 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 Pacific Biologic-al Station for
1940 (No. 11, page 15), a brief synopsis wa3 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 streams
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.
Number Range Average

McClinton creek
Deenan river
Yakoun river
Mammon river
Detlamen river

27-3328-33
27-34
28-3428-34

136 30.32
30.55
30.22
30.40
30.34

58
100
98
65

457i,ASSET INLET 27-34 30.35

SKIDEGATE INLET <Haan's cr.) 24 27-32 29.83

CUMSHEWA INLET (Paient 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 (Paient creek). A 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 areas
were considered.

PYLORIC CAECA

The data for the pyloric caeca counts are tabulated below:
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Number AverageRange

MeClinton creek
Deenan river
Yakoun river
Mammon river
Detlamen river

128 106-163
108-166
111-166
111-156
106-160

133
13155

104 133
95 136

13468

MASSED INLET 450 106-166 134

SKIDEGATE INLET ( Hasn's cr. ) 107-128 11410

CUMSHEWA INLET (Paient cr. ) 106-19579 136
No significant differences in the pyloric caeca counts can bedemonstrated from the above samples with the exception of Ilaan’s creek com»pared with all the other streams. Little reliance is placed in this variationbecause the sample used is of such a small size.
In summary the material thus far gathered permits of no definiteconclusions concerning racial differentiation in pink salmon. Variations areindicated between rivers in the gill raker counts but none are evident in thecounts of caeca. In order to pursue the matter further samples have beentaken fïom southern British Columbia during the present year , viz*- Morrisoncreek , tributary to Puntledge river on the east coast of Vancouver island, -100; Harrison river near Harrison rapids, tributary to the Fraser river - HO;Harrison river below railway bridge - ea. 25; Chehalis river, tributary toHarrison river , - 100; Lorenzetti creek , tributary to the Fraser near Hope -100, Sucker creek, tributary to the Coquahalla river at Hope, - 69, Thistotal of approximately 400,.samples is now being worked over.

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 pointedout the desirability of making available information on the age of the chumsalmon in journals which could easily be procured by the members of the fish-ing industry and the conservation authorities. The first step in accomplish-ing this aim was to locate and summarize the data which have already been col-lected. The second necessity was to obtain further collections from areaswhich have not been represented and to duplicate in other districts for com-parative purposes.
To date approximately 4,600 determinât ions have been discovered forthe following localities: Qualicum, Nanaimo, Chemainus , north coast of theQueen Charlotte islands, and Nootka sound. During the season of 1940, 332scale samples were collected from fish taken on the east coast of Moresby
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Island, Queen. Charlotte islands. Luring 1941 more material was procured with
the help of certain canneries as follows; 400 sets of scales from Athlow bayon the west coast of Graham island, Queen Charlotte islands, through BritishColumbia Packers Pacofi cannery, 180 from the Barkley sound district, west
coast of Vancouver island, through British Columbia Packers Kildonan cannery,
542 from the Nootka sound area, west coast of Vancouver island, through Nocrtka
Packing Company’s Nootka cannery, and approximately 100 from the strait of
Georgia through British Columbia Packers Imperial cannery,. Our thanks are ex-tended for the fine co-operation which has been received in this experiment*The actual examination of the scales and the summarizing of the
material is somewhat tedious and will probably consume two to three weeks
time. It is hoped, however, that this period will be available during the
ooming year so that the data on th6 complete series of approximately 6,000
samples may be presented.

R.E.Foerster and A.L.Pritchard No*.11
Relation of Egg Content to Total Length and height in the Sockeye and

Pink Salmon

In the course of the investigations of the natural propagation of
the sockeye and the pink salmon in British Columbia, it was necessary to makecounts of the eggs contained in a sample of mature females to allow the cal-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 - 75; 1935 - 55; 1937 - 35, and 1938 - 4T*.In addition 112 females bearing the distinctive Cultus lake mark were taken fromthe fishing areas in 1933. The total involved was thus 417. For pink salmonat McClinton creek, NSasset inlet, British Columbia, the following were employed:1930 - 97; 1932 - 73; 1934 - 165; 1936 - 91; 1938 - 40, and 1940 - 7 0, or a to-tal of 536.

All the eggs in each ovary were counted, particular care 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 fourthyear were considered. This age-class includes the majority of spawners at Cul-.
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 fishwas 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 salmoa 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 total weight. The yearly mean number of eggs for theruns, when plotted, show similar trends of increase in each species.

Inspection has shown that for any run the straight line obtained
from the original data by the method of least squares, the regression line ofeggs on length and eggs on weight calculated from the correlation coefficient
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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 that the differences in these linesfrom year to year were not statistically significant, but merely the result
of the inherent variability of the sample. Generalized relationships weretherefore worked out by calculating the equations of the straight lines forall the data for each species by using the method of least squares on the
mean egg numbers for the various length and weight groups. These lines showed
that for the ranges involved, for each centimetre increase in length and for
each gain of one kilogram in weight the number of eggs rose for sockeye 135and 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 lar-ger fish will proportionately reduce the egg 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 a given
run in the same year.
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Natural Propagation of Coho Salmon in Tributaries of the Cowiohan 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
entailed the part-time assistance of one man during about six months.

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

BeadnellOliver

810Total no. of cohoes
No, of females
Dead , spent and stripped females
Females remaining
Eggs presumed available for
deposition at 1,950 per female

9?
293 39
46 1

38247

481, 650 74,100

Downstream migrants resulting from these eggs were counted as fol-lows:
BeadnellOliver

146,279Number of fingerlings
Percentage of presumed
deposition

22,274

30,0630.37

A few fish remained in Oliver oreek when the necessity of providing
for the passage of upstream migrants in the fall of I94I made oounting im-
practicable,

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

CharSteelheadCoho CutthroatBrown

560 608 37Oliver
Beadnell

333
1,061 316 85I83 0

While it would seem that the small population of Beadnell oreek
supported the heavier total population of predators, conclusions on this point
would have to take into acoount the size of individual predators and the rela-
tive destructiveness of different species » The cutthroat appears to he 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
deposition

Percentage trapped
as fingerling3

Potential
deposition

Percentage trapped
aa fingerlings

330 ,176
665 , 280
481, 650

1939
1940

14.42
11,84
30.37

40.01
30.06

433 , 440
74 , 1001941

Ferris Neave No. 13
Return of Marked Cohoa of 1937 Brood Tear

The 1940-41 coho run in the Cowichan ri ver included fish which hadbeen marked as fingerlings at the Cowichan lake hatchery. Records of thesemarked cohos from salt water were given in a summary report , 1940 » 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 ) were the hatchery-raised product of146 , 277 eggs collected from seventy-four females entering the Oliver creekand Beadnell oreek traps in the run of 1937-38 « They were released in theupper Cowichan river in the fell of 1938 and spring of 1939.
In the spawning run of 1940-41, 315 merited fish were trapped in thetwo creeks from which the eggs had been taken, this number representing 36.7percent of the total run of 858 fish of this brood year. Since the eggs

from which the marked fish were derived represented only 19 ,4 percent of theestimated deposition in these streams , mortality of the hatchery fi di wouldseam to have been considerably loss than that attending natural propagationin this instance.
An additional twenty-five marked cohos were caught in the upper

Cowichan river , thus accounting for 340 which had reached 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 not enter
Oliver or Beadnell creek, it is unlikely that fewer than 400 returned to theupper Cowichan river. This would represent a return of 1.55 percent of the
fingerlings released, or 0 ,273 percent of the eggs collected.

It may be added that eight cohos bearing the proper marks of the1937 brood year have appeared in the 1941 run to these streams. It is ten-tatively concluded that these fish , or some of than, are cohos which havewaited until their fourth year to return to fresh water*
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Return of Marked Cohos of 1938 Brood Year

Hatchery-raised fingorlinga released in the Cowichan lake pool in
October, 1939 were marked as follows:

• •

Lot 1, Offspring of third-year males and females, 23 » 544 , adipose
and both ventrale removed #

Lot 2 o Offspring of third-year females and second-year (" jack") males,
8,567 , dorsal and adiposo removed #

Six from lot 1 and three from lot 2 were recovered 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 summer
and autumn of 1941 by the present writer in collaboration with Dr. A.L. Prit-ohard.

Recoveries reported from Balt water are as follows:
Lot 1.

Locality Date No. of returns

Swiftsure banka
Cape Flattery
Porlier pass
Hornby I#

Cape Lazo
Ucluelet
Neah bay
Point Roberts
Cowichan bay

July
July , August
July
July
July
August
September
October
September, October

3
4
1
1
1
1
3
1
6

Total 21

Lot 2.
Crofton
Kyuquot
Oamano 1«

Cowichan bay

1December , 1940
Auguet
Sept ember
April , October

1
1
4

Total 7
Nine marked fish (of both lots) were reported from a total of 3,560

cohos landed at Cowichan bay between Aueust 23 and October 31«
Return of marked fish to the Cowichan river system was investigated

at Skutz falls in September and October and subsequently in oertain 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
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 presence
of an investigator and an assistant for an additional two weeks. All fish
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secured were tagged for the purpose of securing data regarding the size ofthe run and the percentages of marked and unmarked fish appearing subsequentlyon certain spawning grounds near Cowichan lake»
Interim figures relating to the spawning runs in Oliver oreek andBeadnell creek ( from which the eggs were originally obtained) are as follow®:
Number of unmarked cohos (excluding jacks)

" marked t!

Lot
Lot 2,

Percentage of marked fish in runs

197
142«

52— 0

?0
41«9

It is probable that less than half the total run has entered thecreeks to datea The investigation is being continued and observations arebeing made on other tributaries of the Cowichan river system0

A.L. Pritchard and A.L » Tester No. 15
Studies on the Pood of the Cohc Salmon in British Columbia

During the three years, 1959 s 1940, 1941f during which collectionsof salmon stomachs have been made from fish taken in the commercial catchesalthough the major attention was paid to the spring, a goodly number of
cohoes have also been received » These amounted to 44 in 1959, and 151 in1940, The returns for I94I are not yet complete but it now appears certainthat a sizeable quantity will be on hand for inspection» The food items
have been examined in a similar manner to those contained in the spring salmon.

The following organisms have been identified: Coho salmon ( Oncor-hynchus kig.itoh) , Lantern fish (Lampanichthys nannochir ) , Pacific herring(Clupea pallasil ) . Pilchard (Sardinops caerulea) , Anchovy (Bngraulis mordax) ,
Sana lance (immodytes persenet us ) , Capelin (Mallotus catervarlus') , Saury (Colo-labis saira) , Black cod f.inopoploma fimbria) , Tfliiting (Theragra chalcograirinaV,
Hake (Merluccins productus ) , Rockfish fsebastodes sp.) , Red feed (Euphausida )
Amphipods, Iscpods , Crab larvae, Goose Barnacles and Yelella (Coelenterate).

No attempt should be made to draw definite quantitative conclusions
from the data » Such a course is unjustified on the basis of only 175 samples.It may be stated, however , that a wide range 0- organisms is included in the
diet. In addition although fish appear in great numbers, invertebrates oc-cupy a more important proportion than thqy do in the case of the spring salmon.These studies are being continued in co-ordination with those on the related
specieso

1

*
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Spring Salmon Marking Experiments

During the year 1941 returns were expected from 25,000 spring sal-mon fingerlings from the brood year of 1937 and a similar number from the
brood year of 1938* These were marked on the Gowiohan river, the fonner by
the removal of the adipose and right ventral fins and the latter by the re-moval of both ventrale only. Up to 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 small. If
mortality were heavy , only a few individuals could be expected to appear in
the commercial fishery and these mi gilt easily be overlooked. There is no place
on the Cowichan river itself where the springs may be racked and examined.
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 bay.
The contribution of the Cowichan to the general commercial catch was not under
examination. Thus though extensive inspection was made in Cowichan bay it-self , other areas were neglected. The third interfering factor was the change
in the spring salmon fishery. During recent years individuals of the species
have been used principally for the fresh and mild-cure market. In this field
extreme care is exercised to procure fish in good condition without blemish
( lacking scales or with outs). 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 a matter of fact they prefer not to report
them. A fourth explanation 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 normally occurs. They may therefore remain
at sea an extra year and return next fall , 1942,

In spite of the laok of returns this year further marking experiments
are desirable. The spring salmon fishery is highly important and as much
information as possible should be obtained to allow 3ane and efficient regula-
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 coast.
It is now an opportune time , therefore, to assess the contribution of a river
such as the Cowichan to the general fishery. Although wo 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 ft> r this has been made by
collecting approximately 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 expectedo 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 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 befully informed. The actual collection programme will have to be revised tosuit the new conditions of the fishery. In this it is hoped that the usualco-operation of the fishery officers and the buyers may be forthcoming* Thefisherman can report the mark to the buyer who can keep it separate untilinspection can be made by a fishery officer cr other accredited examiner, Itwill thus be unnecessary to damage the fish in removing the soars*It should be stressed that this effort should be as widespread aspossible. There have been at least 50 spring salmon marking experimentscarried on in Washington, Oregon and British Columbia from which return* areexpected. Every pressure should be exerted to obtain recoveries which willfurnish so much valuable information. Already the co-operation of the Wash-ington State Fisheries Department and the United States Fish and WildlifeService in collecting and paying rewards has been unstintingly offered. Nodoubt much time will have to be used in advertising and collecting but itwould 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 Columbia in 1941
This is the third year in which spring salmon stamchs have beencollected fran fishes taken in the commercial catches throughout the fishingareas in British Columbia.

1940, 467.
Reports (Pacific) No. 42 and 47 respectively. As a result of the analysis In1939 » ü was discovered that herring and sand K'-nre were the two most im-portant food items. Red feed (Euphausids) assumed some prominence in certaindistricts such as Kyuquot and Barkley sounds. Other fish were taken in con-siderable numbers. The proportion of the various foods in the diet variedfrom area to area and from month to month. In 1940 , herring, sand launoe andpilchards appeared as the three most important items. The addition ofpilchards was undoubtedly due to the unusual appearance of large amounts ofsmall individuals of the species along the coast during the spring and sunnierof 194C. Other conclusions drawn in 1939 were confirmed.In 1941, an increased effort was made to enlarge the scope of theexperiment by increasing the number of collectors, by extending the rangeof collection, and by thus making available more stomachs for examination.The table which follows will present a comparison of the effort for the threeyears:

During 1939 , 333 samples were taken, and duringThe results of the analyses have been summarized in Progress
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A.L, Pritchard and A.L, Tester No. 17
Number of Collectors

Area of Collection 1939 19411940
Queen Charlotte is. and Prince

Rupert areas
Central British Columbia
Strait of Georgia
Cowichan bay
Saanich inlet
Sooke and Victoria
West coast of Vancouver island

6 7 7
1 4 3

10 5
0 1 1

00 2
0 20
2 5 5

189 25

A few collectors have still to make returns but the following havenow been received:
Queen Charlotte is. and Prince Rupert areas
Central British Columbia
Strait of Georgia
Cowichan bay
Saanich inlet
Sooke and Victoria
West coast of Vancouver island

149
65
51
62

2
17

309

655
It is possible that some of the stomachs listed will be found to bedevoid of food. In addition a few cohoes may be included. It is fairlycertain, however , that the collection will be larger than those of thB pre-ceding years and that it will embrace a wider range of territory. To dateonly about thirty stomachs have been examined from the WGst coast of Vancouverisland with no outstanding 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 onlygive a sound representation of the fbod of the spring salmon taken in the com-mercial catches during the fishing season. It is not the final statement ofthe diet throughout the life of the fish. Undoubtedly the gear is selectivetaking mostly larger individuals. Some seesons of the year are not represented.To extend the collection in order to complete the information would involvesetting up a major programme, and entail quite sizeable expenditures of money*Until the Fisheries Research Board considers that this is necessary , it isrecommended that the investigation be discontinued. The work of the three yearshas given as much general information as can be expected under the limited con-ditions.
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The Salmon Angling Fishery in Cowl chan Bay

In 1941 a record was again kept of angling activities in Cowlohan
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 incidence of marked fish among 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 was continuously employed. The following statis-
tics were obtainedo

LinesBoats Line-hours Springs
Large Jacks

TotalCohos
Large Grilse

558 16I98June
July
Aug.
Sept. 2
Oct . 1
Nov.

109 13493 3 22
8 3 8 . 5

3 , 477
11,988.5

8 , 825.5

181 318 8 187
19 247

1, 205 367
2 , 336 234

367170 2
680 6901,22?

3 ,652
2, 451

394 30
824 2 ,708

2 , 621
3122 ,015

1, 259 1932
78 464141 122117 50 0

8 , 027 26 ,151.5 366 3 ,701 1,062 6 , 6424 , 322 1, 513
The following table shows comparative 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

2 ,803
5 , 278

19 ,006

2.464
4, 629

16 , 70?
1.121

3 ,758
7 ,005

23 , 319
1,069

357
3 , 560

No. of boats
No. of lines
No. of line-hour3
No, of springs ( large)

jacks)
No. of cohos ( large)

( grilse)

553
f 292750

1, 8993 , 410
I . O69
5 , 782

160 745
Total fish
No, of line-hours per fish

5 , 7313 ,472
4.8 4.073.3

The number of anglers engaged in 1941 was apparently greater than in.
either of the two preceding years . Cohos were undoubtedly much more plentiful
than in 1940 and spring salmon were 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 Pish

la continuation of the trout marking programme, designed to yield
information regarding the movements of fish within the river system, the
tendency or otherwise of the various forms of Salmo gairdnerl to go to sea
and the incidence of hatchery-raised fish in anglers * catches, the following
liberations of marked fingerlings have been made or are being completed:

Brood year MarkNumber

Cutthroat 1940 921 Dorsal * adipose
Both ventrais
Adipose A right ventral
Dorsal A left ventral
Both ventrals
Adipose A left ventral

« 1941 2 ,Q44
34 , 800

2 ,976
2 , 976

Steelhead 1940
It 1940

Rainbow
Kamloops
Kamloops

1940
1940 109
1941 50,000 nA

The marking of these fish, together with 23, 000 spring salmon and
kokanee vfeioh were also released, represents approximately two months* 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 traps and through the co-operation of
anglers. These, together with certain other returns , previously unrecorded,
are summarized herewith.
Cutthroat

Date A number plantedBrood year Returns Date

Apr. 1938
May I939
Nov. * 39, May * 40

bo May »38 - Mar. *40
June * 40 - Jan. * 41
May * 40 - Sept.*41

1937 10, 000
1,678
9 , 346

1938 6
1939 33

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

Brood year Date A number planted DateReturns

1938 7 , 613 14 Aug. » 39 - May * 41
July * 40 - Aug. < 41
Jan. * 41 - Oot. » 41

May »39
Sept.*39 A Mar.*40 35,445
De"c. *40 - Jan. * 41 37 ,776

281939
121940
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All the above returns were from fresh water except one fish caught In brackishwater at the river mouth* Three of the recovered fish had remained in freshwater longer than the maximum period of two years which is usual for sea-runningsteelhead in this river ., Rhrked fish returning frcm the sea may be expectedin the river during the current winter.
Rainbow

Brood Year Bate 8- number planted Returns Date

2 ,9761940 Jan, » 41 Apr, » 41 - June » 419
All were recaptured in the course of operations near the point of release,none having reached legal size.
Kamloops Trout

Brood year Date & number planted Returns Date

Apr. - July » 56
May » 39
May - Novo c4-0

40 ,783
281

53;097

1937 01938 0
1939 Sept. * 40 - Aug. * 4120

The twenty fish recovered to date were caught by angLers and in traps infresh water. Eleven had migrated into small streams and considerable disper-sion through the river system from the points of release was evident. Thenumber of returns is considered to '00 very ana11 in comparison with the numberliberated.
Brown Trout

Brood year Date £ number planted Returns Date

1937 . Apr. "39 Aug. * 39 - Nov. » 41303 53
In view of the very low percentage of returns from other spocies of troutplanted in the Cowichon river and similar reports from streams elsewhere , therecapture of over 17 percent of this small planting is of interest. Rapidgrowth was shown by these fish, which wore released at an average length offivo inches. An individual captured fifteen months later was nineteen incheslong and weighed three and a half pounds. Marked fish of both sexos appearedin the spawning runs of I940 and 1941 in small streams near the point wherethey had been released in the river 0 All returns have been from within halfa mils of this locality,

in addition to the marking of hatchery-raised fingerlings, approxi-mately 150 wild trout of larger size have been tagged during the past year asopportunity offered. A number of subsequent records of these fish have beenobtained and will be summarized at a future date in connection with other tag-ging operations.
Efforts will be made during the next few months to recover as manyas possible of the marked and tagged trout previously released in the riversystem.
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Studies on the Steelhead Huns of the Cowichan Hiver

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 ( January to March, 1941) anglera in
general were less successful than in the two previous years , on the basis of
number of fish caught per unit of effort involved » Available reoords show
that one fish was landed for an average of 5o 8 hours of fishing, as compared
with 4,91 hours and 3« 46 hours in 1940 and 1939 respectively. The reduction
in catch was apparently due to a relative scarcity of fourth year fish, which
in previous years have constituted the greater part of the winter run.

Percentages of Age Groups

6Age in years 2 3 4 5

1938
1939
1940
1941

(61 fish’

( 82 M

(147 • '
(115 " '

21730 3 0
82 110 4 4
6813 170 0

13 41 40 3

The average weight ( 9.39 lb.) was about 1 lb. 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 fish
taken by anglers in recent years has constituted an insignificant part of the
run.

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

Percentages
2 years1 year 3 years

1938 68.9 31.1 Q
64,64
53.06
43.50

1939 34,15
46,25
56.50

1.22
0.681940

1941 0

Observations on migrating fish indicate that the individuals which
go to sea as yearlings are usually about 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 eight inches, it
is evident that young steelheads are well protected fran depletion by fresh
water fishermen.

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 investigator an:1 an assistant for approximately six weeks. A hundred
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and fifty steelheads were caugiit between April 3 and May 12 , these being
probably only a small percentage of the fish passing this point. These fish
differed in certain respects from the winter migrants , notably in their smal-ler average size, silvery appearance and in the relatively high percentage
which had spawned in a previous year » Average weight was 6 3/4 lb. A high
proportion ( 84 percent ) had migrated to salt water as two year old fish.
Scales indicated that 8.1 percent of the males and 32.7 percent of tho females
had spawned in a previous season, os comparod with a general average of about
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 tributaries rather than in the main river. Little or no utilization
of the spring run is made by anglers.

Ferris Neave No. 21

Studies of the Scales of Cowichan River Trout

In view of the desirability of estimating the age of individual
fish with accuracy and of determining the effect of physical conditions in
the Cowichan river system on growth and habits of the fidi , 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 period July to September , when the water tem-
peratures are at a maximum for tho year. New growth commonly caumonces
between October and December and tho scales continue to exhibit widely spaced
circuli throughout the winter and spring. Chocks , thorofore , thovgh annual
do not coincide with years of ago . Deviations from the seasonal cycle 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 cortain that fish dwelling in Cowichan lake and in small
tributaries show the same scale changes.

*
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Patch Statistics of the Herring Fishery during 1940-41

The collection of daily catch statistics by means of Pilot House
Record Books was continued. The object is to determine the quantity of herring
removed from each area and the fishing effort expended. From these primary
data it is possible to calculate the availability of herring, or , the catoh per
seine per day's aotive fishing. Availability figures are of considerable im-portance in tracing fluctuations and trends in the abundance of herring during
the poriod of fishing, both within a season and from year to year.

The total catch in 1940-41 amounted to over 94 ,000 tons, a decrease
from that of 1939-40 (150 , 000 tons). Of this , 23.3f. was taken from areas
north of Vancouver island and 76.7 /. fran areas in the vicinity of Vancouver
island.

On the east coast of the Q,ueen Charlotte islands herring were most
available to the fishermen at Burnaby Strait just prior to the date of closure
( March 18) , The average availability was less than that in the previous year
( 3I.O compared with 42.2 tons per seine per day) .

In the Prince Rupert area there was no run to Prince Rupert harbour
and the boats fished mostly at Union bay arri Wark channel. The availability
(14,4 tons) was 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-countered for but a short 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) . Fishing 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 Lama passage,
Kwatna inlet , Spider island , etc. There was no large run to Kwakshua passage
and good fishing was encountered there for but one week. The availability
for the whole area was low (6.0 tons).

In the Rivers-Smith inlet area, scattered catches were made from
FltzHugh 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
tons) ,

The low availabilities in areas along the central and northern
coastline are attributed to the failure of the runs to appear during the
fishing season, rather than to a sharp decline in abundance of the populations.

In the ^ueen Charlotte sound area , the best filing was encountered
at the head of Knight inlet and in Clio ohannel. Scattered catches were also
mads from numerous localities, widely-distributed over the area, Many now
potential fidiing grounds were prospected. The availability (14.9 tons) waa
much less than in the previous year when the area was exploited for the first
time.

Fishing in the vicinity of Discovery passage was spasmodic, and,
although the 5 * 000 ton quota was approximated, the availability ( 26,7 tons)was much less than in the previous year ( 60 to 70 tons) ,
on Dec. 17«

The area was closed
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New grounds in the vicinity of Jervis inlet were fished during
January and February , but with relatively poor results (8.2 tons). The
catches were made from Princess Louisa and Seohelt inlets.,

Fishing on the south-east coast of Vancouver islend was more suc-
cessful than in the previous year and the quota of 30 ,000 tons was reaohed
and exceeded by Nov. 25. Single seines , operating at Nanoose bay and at
Stuart , Trincomali and Satellite channels , averaged 53* 4 tons, oompared with
34.2 tons in 1939-40, Their activities were temporarily halted from Oct, 20
to Oct, 30 pending prioe settlement. Double seines, filing chiefly in Swan-
son channel, showed an availability of 100.4 tons, compared with 83.6 tons
in 1939-40.

On the whole, filling on the west ooast of Vancouver island was
better in 1940-41 than in 1939-4-0 with an availability of 24.4 tons compared
with 18.2 tons. The total catch , 25 ,103 tons, was still considerably below
the 40 ,000 ton quota, The availability was higher in all individual areas
except Quatsino eound, where fishing was a failure. A feature of the season
was the "outside" fishing in Nioolaye channel, Kyuquot 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 oaught at Matilda creek; and in
the Barkley sound area , fishing was best at Effingham inlet.

A comparison of availability figures as calculated from daily catch
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 particularly
great. Even under those conditions, availability figures may be rendered use-less as a measure of abundance of the total fishable 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.L, Tester No. 23

Revision of the System of Collecting Daily Catch Records of the Herring
Fishery

The collection of daily catch records of the herring fishery has
been underway over a period of eight years (1933-34 to 1940-41). During
this period, various types of record sheets have been used and various methods
of distributing and collecting these have been tried. In 1938-39 the record
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 seme 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, returns were made on 91.2jt of the fish caught.
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Recently the whole system of distribution and collection, now

proven to be workable, has been turned over to the Department of Fisheries,
New Record Books have been printed at the expense of the Fisheries Research
Board and further improvements have been incorporated. Each book, bound with
a heavy cover , is numbered, and the number of the book appears on each page,
as before. 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 , name of captain, licence number , etc
space is provided for daily records under the following column headings! 1 -Date; 2 - Time of set ; 3 - Catch in tons; 4 - Plant delivered to; 5 - Fishing
area number; 6 - Fishing locality; and 7 - Remarks. Column 4 was included
at the request of the Department of Fisheries ,. Column 5 was included for
convenience in locating particular 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 beenadoptedo A map has been
included in the Record Book showing the boundaries 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 and back
of the book respectively .

The books are to be distributed to each seine boat captain when his
licence is issued, and at the same time the captain’s attention is called to
ways in which 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 i s 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 t© the writer by the Depart-ment,

• »

It is bëL ieved that the above system will work to the mutual ad-vantage of all concerned. The form of the record sheets may be regarded as
final, unless additional information is required by the Department of Fish-eries,

A,L, Teeter No. 24

The Sampling of Herring in Southern B.C. in the 1740-41 Season

The sampling of bs rring catches provides material for studying
variation in the relative abundance 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 characters.

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!
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Fishing
Season

Spawning
SeasonArea

Strait of Georgia
Swanson channel
Gabriola islaid
Hammond bay
Nanoose bay
Bargain harbour
Discovery passage

(15 ) 1696
1902
1101

(?) 286

(3) 251

1 110
1) 106

West coast of Vancouver island
Barkley sound
Clayoquot sound
Nootka sound
Kyuquot sound
Quatsino sound

(15) 1539
(1)

( 12 ) 1320
( 9 ) 990

2202
110 1 74

2 220
2202

1) 110

Queen Charlotte sound
Head Knight inlet
Minstrel is.-Bones bay
Retreat passage
Simoon sound
Belleisle sound
Mackenzie sound

6
2
2
1

477
220
155
110
2302
2102

( 13) 1360(73) 7594

Samples from Swanson channel were obtained through Inspector A.McKinnon, Ladysmith. Those from Nanoose bay and from the west coast wereobtained from the Ucluelet and Nootka plants of the Nootka-Banfield PackingCo. Ltd ., and were examined by members of the staff operating tag detectors.Samples from Discovery passage and from the Queen Charlotte sound area werecollected, salted and shipped to the Station through the courtesy of Mr, J.V. Hardy , Manager Alert Bay plant , 3.C. Packers Ltd, Those taken during thespawning season were from fish caught for tagging purposes by various staffmembers.
Assisting in the sampling program were Drs. Hart and Boughton andMessrs, McHugh and Quickenden.

A.L. Tester No, 25
The Length and Age Composition of Herring in Southern B.C. during, 1940-41

These studies are designed to trace fluctuations in the abundance ofsuccessive year classes of herring in the catchws 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 , I96.O; Kyuquot sound, 195*8; Nootka sound, 195.4; Swanson chan-nel , 192.5; and Clayoquot sound , 184.1 mm. In general , the herring from 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 1945-41 follows:

Area VIIII III IV V VI VIII IX x+

Swanson channel
Nanoose bay
Discovery passage

2.8 76.5 13.2 1.9 8 .15.0 5.4
0.8 7978 11.2 5.55.4 2.3

4.86.4 2.443.0 4.039.3

38.5
15.4
10.6
1C.9

12.8Barkley sound
Clayoquot sound
Nootka sound
Kyuquot sound

0.5 0 .10 . 24.2 40.4
F27T

3.3
1.0 1.0

1.8 0.280.0
80.7

2.7 4.7
2.6 0.41.9 5.33.4

16.6 8.4Head Knight inlet
Bones bay , etc.
Retreat passage
Simoon sound
Belleisle sound
Mackenzie sound

1.11.05.12.4 2 2 . 0 40.33.2
13.6 2178

18.6
478 1.0 0.551.4 2 . 0 0.94.0

5746.411.9 33.1 12.1 10.4 1.1
65.6 1.01.030.4

72.1
2.0
4.6 6,067Ô 1.92 . 2 5.02.2

ITS- 1.02.645T6 5.4 3.223.2 17.4

The large percentages of Ill’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 1939-4C as II’s, and in 1940-41 as Ill’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’8 dominated at
Simoon sound, Ill’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 predominate among
the older age groups. These same year classes predominated last year as V’s
and VII’s in sane 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 Spawning of Herring in British Columbia from 1929 to 194-1
Considerable tirae was spent during the year on summarizing theinformation contained in the spawning reports submitted by fisheries inspec-tors of the Dominion Department of Fisheries over a 13-year period, and onpreparing this information for publication. When completed, it is proposedto submit this to the editor of the Board as a Bulletin.

A.L. Tester No. 27
Herring Spawning Conditions in 1941

With the cooperation of the Dominion Department of Fisheries, her-ring spawning reports compiled by fisheries inspectors were again collectedin the I941 season.
The data are presented in tabular form along with foose of the pre-vious year for comparison. Where available, information is included on thetime spread(date of first and last reported spawnings), the intensity and acomparison with that of the previous year(as estimated by the inspectors),and the intensity index(a roughly quantitetive measure of intensity cal-culated from the reports in a manner explained in the summary report for 1940).
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Calculated
Intensity

Index
Intensity

oomparod
with 1940

Time spread
1941 1941 1940 1941Area

16Mar.16-Mar.21
Fob.l2-Fcb.23
Jcn.29-Apr.12
M?r. 6-Mbr.12
Mnr. 3-Apr,17

Victoria
Cowichan
Ladyenith
Nanaimo
Comox

15M '•similar**
’'equal**
"much lightor1'
"seme"
"less intensive
more extensive"

"very much lighter"
"increase"

49 40L
1018 403M

548 290ÏÎ
I! * 882324

503*Quathiaski
Pender Harbour
Strait of

Georgia

135VLMar, l-Apr.25
Bar. 9-Apr. ? 398 477M

26012487

389Berkley
Clayoquot
Nootka
Kyuquot
Quatsino
*7est coast of

Vancouver is.

223Feb.l0-Apr.l5
Feb.ll-Apr.ll
Feb.15-Mjar.29
Feb.12-Apr.19
Feb.27-Apr. 6

"increase"
"heavier"
"best in 5 years"
"light"
"heavier"

M
365 183L

140214H
3039VL

10194L-K
843935

1698Î5ar. 2-Apr , 28 1424"increase"Alert Bay H

Mar, 7-Mar.20
Mar.17-Apr. 6
Mar.1-Mar. 7

Hivers-Smith
Bella Bella
Bella Coola

"increase"
"increase"
"some increase"

M
1182 1555H

L

858? 1146Butedale Mar,12-Apr. 2 M-H "same"
Grenville-
Principe 57"heavier" 30?Mar.l5-approx. M-H

465624Mar.l6~Apr.l9Skeena "heavy"H

1210South Q,.C.I.
North Q.C.I. Mar.29-Apr, 5

end June
1332H
192 ??

^including Bute inlet , unreported in previous years

The spawning indices are considered to be only very rough quantita-tive approximations but , in general, they are believed to be more reliable
for yearly comparisons than the opinions of individuals. Several cases of
lack of agreement between the stated comparisons ana 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 seemto be slightly greater than that of last year. Included , however, is an
extensive spawning in the Quathiaski area at Bute inlet , a locality whichmay not have been covered in previous years. The intensity was appreciably
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heavier at Comox and Pender harbour and lighter at Nanaimo and Ladysmith than
in 1940. On the west coast of Vancouver island, the spawning intensity ap-pears to have been slightly less than in the previous year. It was heavier
in Barkley and ^uatsino sounds, and lighter in Clayoquot, Nootka and Kyuquot
sounds. The index was also lower in the Alert bay area than in 1940. In
most of the northern areas it was approximately equal to or slightly be 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 was relatively low
in most areas. In the Alert bay area and along the central coastline there
were no birds present on several of the grounds, an unusual event.

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

A.L. Tester No. 28
A Proposed Study of Herring Spawning Grounds and Improvement of Surveys

Rollablo estimates of the absolute size of the adult populations
supporting the herring, fishery are highly desirable, and perhaps even es-sential, for the successful pursuance of the terring investigation towards
its ultimate goal—to determine whether or not close regulation of the fishery
is beneficial and, if so, to determine the optimum catch which will produce
the maximum yield over a period of years, Hough estimates have already been
made from herring spawning ground surveys conducted by fisheries inspectors
of the Dominion Department of Fisheries, but the adequacy of these estimates
is very questionable. It is unknown whether or not the surveys could he im-proved to the point where they would yield estimates of sufficient accuracy
for the purpose, but an attempt at this is considered to be -worthwhile.

Realizing that there is a scarcity of funds for new lines of re-search at 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 programme:

1, Intensive scientific study of one or more typical spawning
grounds to determine the best methods to use, the sources of error and the
limits of accuracy in quantitative estimates of egg 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 standardization
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
standardization of method.
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5. Application to the Dominion Department of Fisheries for further
support in making these surveys an essential routine duty of eaoh fisheries
inapeotor; and in ensuring that all areas are covered as completely and ade-
quately 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 abundanoe
from spawning ground surveys, and at the same time steps will have been taken
towards the improvement of ihture records.
RECOlfMENDATION: It is recommended that the spawning ground survey , as outlined
in this report , be undertaken and that the Department be asked to cooperate by
extending and enlarging its field servie G so that all essential areas bo ade-
quately covered.

No. 29A,L. Tester

Factors Bearing on the Regulation of the British Columbia Herring Fishery
by the ^uota System

In a confidential report to the Fisheries Research Board, the
Dominion Department of Fisheries , and the B.C. Provincial Fisheries Depart-ment , the biological infoimation collected on herring over a five-year period
of study was summarized, and its bearing on the regulation of the herring
fishery by the quota system was discussed. Much of the information contained
in 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 hold at Vancouver on August 7 and 8, 1941. A summary
included in the report is reproduced here , with certain slight anendations î

Background
Catch restrictions were applied to various fishing grounds in 3,C.

in 1936 as a safeguard against a progressive decline in abundanoe 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 essential isolation of the runs to major
areas and the probable presence of local runs within the major areas.

Tagging 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 51° , and between individual areas on the west ooast
of Vancouver island roughly to about 35 /» °n 'the average. The latter varies
between areas and between years. The Discovery passage area is supplied in
part by fish which spawn towards the northern part of the strait of Georgia.
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Fluctuations in catch and availability
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 west coast.
Fluctuations in the run3 of spawning fish

These have been studied by the use of spawning reports which are
neither particularly accurate nor complete, but represent the best information
that is at present available. In the strait of Georgia, fluctuations in spawn
deposition have been independent of fluctuations in catch and availability
over the period. On the west coast spawn ueposition declined to 1937-38 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 particularly large and that
fishing mortality averages about 441. of the total adult population on the east
coast and 62f. on the west coast. The estimate is only as accurate as the
spawning reports.
Fluctuations in age composition

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 coast
is not necessarily related to the decline in the catch. Age composition of
the Q,uatsino run has been basically different frem 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 decreasing magni-tude: 1938; 1937; 1936. However, all three were less abundant on the west
than on the east coast and this is the reason for the decline in the latter
area, coupled with the action of the fishery. There appears to be no direct
relationship between the quantity of eggs deposited and the size of the
resultant brood from year to year, but there are indications that in any one
year the more eggs deposited the greater will be the resultant brood, but not
necessarily proportionately so.
Action of the fishery

This has been to greatly accentuate a downward fluctuation primarily
due to the presence of poor year classes on the west coast.
The feasibility of the quota system

Biological Justification for the quota system hinges on the extent
to which increase in the spawning population increases the abundance of the
resultant yeer classes. This is illustrated by calculations. Pending the
eollection of further information on this point, continuance of the quota
system, with further trials at stabiligation, seems worthwhile.
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Revision of quotas

If it is decided to continue the quota system, this section dis-cusses possible boundaries of areas and possible sizes of quotas for eachmajor fishing district of British Columbia.
The integrity of the conclusions arrived at in this report aredependent on the accuracy of the spawning records and on certain assumptionsthat have been made in connection with them. The calculations of populationabundance are admitteclj1- rough approximations with practically unknown limitsof acouracy, but at the present time they represent the best information thatis available. The possibility of improving these records is discussed olse-where.

A.L.Tester
No.50

"Belly burn” in Nanoose bay Herring

On Oct. 31» 1 9 4 1 t h e Department of Fisheries requested informationon the nature and extent of feeding of herring at Nanoose bay. Since theonset of fishin
iorate rapidly(within 12 hours) because of the development of "belly burn"due to the presence of "red feed" in the stomachs, thus rendering the fishunfit for canning.

about the middle of October, the fish were said to dster-1

The feeding was investigated on the evening and morning of Oct.31-Nov. 1, Nov.3-Nov, 4 and Novc 7-Nov. 8, using the Fisheries Patrol Boat"Vanidis". Samples were taken and examined from as many different sets aspossible.
"Belly burn" is presumably the result of the continued action ofdigestive ferments or enzymes present in the intestinal tract after the deathof the fish, and is characterized by softening, reddening and ultimate rotting

of the flesh adjacent to the stcmacho The "red feed" was found to consistof Euphausids, a common food of herring. However, it is rare for herring tofeed 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 followingtable:
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No.30
Nov. 7-Nov, 8
P.M. A.M.

Oct. 31-Nov.1P.M. Nov. 3-Nov. 4
P.M.A.M. A.M.

Number of sets
sampled 6 12 3 4 3
Av. percent, of
stomachs empty 82*5 93.7 99.0 99.793.3 97.5
Av. percent, with
trace of food

Av. percent. 1/4-full or more

1.22.5 2.7 3-0 0.3C

3.615.0 1.01.33.7 0

Av. volume of
contents per
100 fish(ml,) 33.0 7.0 1.07.2 4.0 +

There is evidence, although not conclusive because of the greatvariation between individual samples, that more food is present in theevening than in the morning catches. If this could be proven, "belly burn"might be reduced by having the fishermen concentrate on the morning fishing.The results demonstrate that the feeding condition was graduallyabating during the course of the study until finally it had practicallydisappeared. Other samples, taken by Dr. H.V. Boughton at the ImperialCannery give similar indications. There is reason to believe that feedingwas much more extensive and the "belly burn" condition much more acute inthe catches made earlier in the month.
The sample in which the largest percentage of fish had food intheir stomachs(20%)was kept in a pail for several days and examined atintervals. After 12 hours, and again after 36 hours, there was no outwardsigi of "belly burn" on any of the fish. After 84 hours, it was evident inthose containing food, and was most pronounced in those with the largestquantity of food present in the stomach. It is practically oertaln thatthe condition develops more rapidly than is indicated by these results whenthe fish are subjected to pressure, as vrould be the case with those at ortowards the bottom of the load in a boat-hold. Possibly spoilage would takeplace less rapidly if the fish were transported in scows.As samples taken on and after Nov.3-4 contained such small quanti-ties of food, it seems unlikely that on and after that date any great dif-ficulty would be encountered fran "belly burn" in holding the catohes for areasonable length of time prior to canning. Should the feeding again becomepronounced, 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 similarto the above , and embodying all of the material which has been oolleoted todate in B.C. waters.
One conclusion, which is important in directing research work alongthe most profitable channels, is that racial studies of this type are usefulin making preliminary general surveys to determine whether there is evidenceof lack of interchange between groups , but that they are of doubtful value inyielding information on the degree of isolation or the stability of particulargroups. For this reason , the collection of vertebral data fran runs insouthern waters has been discontinued , thereby materially reducing the timeand labour involved In sampling and subsequent analysis. Further considera-tion of the data may reveal that sufficient general information is availablefrom northern waters to likewise discontinue the collections.A complete summary of the conclusions will be included in the sum-mary reports for 1942.

A.L. Tester and R.V. Boughton No. 32
The Relationship of Water Temperatures to the Variation in MeanVertebral Count of Herring

It has generally been assumed that the gradation along the coast inmean vertebral number of herring is influenced by the water temperaturesexisting during the embryonic and larval stages of development. However thishas been difficult to prove for there has been a lack of reliable informationon water temperatures. A spawning sample taken fran Massst inlet in the QuænCharlotte islands illustrates an exception to the general gradation and addsto tho evidence that water temperature is one of the primary factors responsi-ble for the gradation,
Samples , with the exception of the one taken from Masset inlet ,were taken in randan routine sampling of thB commercial catch. For the westcoast of Vancouver island data are given for Barkley sound and Quatsino sound.The data for northern waters have been grouped into four main areas: Southern,central, Northern Central , Northern , and the Queen Charlotte islands with theexception of Masset inlet for which the data have been, treated separately.Daily temperature and salinity records are available for severalstations along the coast for the years 1940 and 1941. The stations includeAmphitrite light at the entranoe to Barkley sound; Kains island light at theentrance to Quatsino sound ; Ivory island light in the central area; PrinceRupert harbour in the northern area, and Shannon bay in Masset inlet »The average vertebral counts for the 1934-37 year classes inclusive,the approximate latitude and the average temperature and salinity over theperiod of spawning and early development are given in the following table .Temperature and salinity data are not available for the south-east coast ofthe Queen Charlotte islands*
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No. 32
Av » Vert »

CountArea and station Latitude Av« Temp* Av. Salinity

Barkley sound
Amphitrite light 48°55 *51* 840 16 ,010.0

Quatsino sound
Kains island 51.875 16.250e30 » 10.0

Southern central
Ivory island 16.58.751°40 *52.090
Northern central
Ivory island 8.7 16.552.188 52°40 *
Queen Charlotte is 52°40 *52.109
Masset inlet
Shannon bay 51.186 53°45 * 15.4 11.7
Northern
Prince Rupert 16.054°20’52.325 7.7

Prom the table it may be seen that , apart from one major exception,there is a general gradation between vertebral count and latitude. The majorexception applies to the Masset inlet fish and actually involves all four yearolasses , although the data for separate year classes are not presented. Thatlatitude is no-- a primary factor responsible for the gradation along the coastis shown by subjecting the data to statistical analysis. Excluding theMasset inlet data , the positive correlation between mean count and latitudeis high and significant ( r = 0 » 96; t = 7.6) ; including the Masset inlet datathere 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 prevailing during an abnormally late
period of spawning and larval development ( June 20 - July 15). In contrast ,the main period of influence for the west coast of Vancouver island can beconsidered to extend from about îferch 1 to April 15, and from about March 15to April 15 for the central and northern areas and the east coast of theQueen Charlotte islands »

It can readily be assumed that water temperatures during the periodof embryonic and larval development at Masset inlet would be higher than thosefrcm other areas under discussion, particularly when the difference in spawn-ing time is taken into consideration. Temperature data for the pexiod 1934-37are not available » The only records on hand are those for 1940 and 1941, whichare years not represented by vertebral data. However , Iff both the vertebraldata and temperature data are averaged they may be considered to approximategeneral conditions. That temperature is a primary factor responsible for thegradation along the coast is shown by the negative coefficient of correlationbetween mean vertebral count and mean temperature being very high and signi-ficant (r = -0,98; t =* 15.6) .
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NO, 32
The results then give evidence that the presence of the gradationin mean vertebral count of herring with latitude is a secondary relationshiparising from the primary inverse correlation between mean oount and the tem-perature prevailing during the plastic period of embryonic and larval 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 vertebrae in thebackbone .
The work is now in preparation for publication.

R.V. Boughton No. 33
Comparisons of the Average Length and Age of the Herring Patch inNorthern B.C.

Sampling of the commercial herring catch has been continued in thenorthern waters of B.C . during the past season. The purpose of the investi-gation is to trace natural fluctuations in abundance caused by variation inthe strength of successive yeer classes. The general scarcity of fish led toextensive scouting operations and resulted in a number of new localities beingfished for the first time. A total of 43 samples , containing approximately4700 fish was taken from both fishing and spawning grounds frcm. variouslocalities throughout the northern waters of the province during the pastseason. Sampling necessitated three months work in the field. Routineexamination required determinations be made for length , weight , sex , age andvertebral number .
The areas exploited were as follows: first the central area inwhich the major portion of the catch was taken, from Aaltanhash inlet, Laredosound, Smith inlet and Klemtu passage; second the northern area wherepractically all the catch was taken fran Union bay; and third the QueenCharlotte islands where fish were taken from Burnaby strait , Lagoon bay , Altiinlet , and Bigsby inlet . Aaltanhash inlet , Union bay , Alti inlet and Bigsbyinlet were areas from which herring were taken for the first time.Distinct differences occurred in both average length and age be-tween samples from the three major areas and considerable variation oocurredbetween samples fran different fishing grounds around the Queen Charlotteislands and in the central area. In average length the samples may be ar-ranged in the following order: Bigsby inlet 203* 8 mm, ; Burnaby strait 190.0mm. ; Klemtu passage I85 .O mm. ; Union bay 184.0 mm. ; Lagoon bay 180.8 mm. ;Smith inlet 167 » 4 mm, ; Aaltanhash inlet 164,3 mm. ; and Bella Bella 149 , 2 mm.The great variation between localities is evident .
Differences in average age are also apparent. These are illustratedby the following figures giving average and dominant age groups ( latter inbrackets) ; Bigsby inlet 3 » 3 ( XV) ; Burnaby strait 3*3 ( ill) ; Klemtu passage4,3 ( I7) ; Union bay 4,2 (TV) ; Atli inlet 4.2 ( ill) ; Laredo sound 3.8 ( III) ;Lagoon bay 4.2 (Hi ) ; Smith inlet 3 *1 ( ill) ; and Aaltanhash inlet 3* 4- ( H;.
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Comparison of average length and age with samples examined lastyear is only possible in five cases . With the exception of the Klamtu passageherring, which have always varied in average length and age from year to year,the data illustrate 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 ( compared with Prince Rupert harbour) 184.0 , 194.3 ( 4.2, 5*1) ,* Laredosound 181.9 , 199 »7 (3 » 8 > 5 « 5 ) î Burnaby strait 190.0 , 202.7 ( 5.3 , 5.7) Î Lagoonbay 180.8 , 188.4 (4 ,1, 4.2) ; and Klemtu passage I85 .O , 143.7 ( 4, 3 , 2.5 ) .Examination of the data from previous years may possibly disclosethe cause of the decrease in average length and age during the 1940-41 season.Previous studies suggest that in 1938-39 there was a premature entry of herringbelonging to the younger year classes into the commercial fishery. Pishbelonging to these same year classes apparently failed to roturn in normalnumbers in 1939-40 ( possibly due to fishemen capturing a large proportion in1938-39) » The partial failure of these younger year classes in 1939-40 inall probability accounted for the increase in average length and age of the fish.Data for the 1940-41 season suggest thst herring belonging to the younger yearclasses again entered the fishery in largo numbers which resulted in a generaldecrease in average length and age when compared with the 1939-40 season.

No. 34R .V. Boughton

Racial Studies ( Length-weight Relationships) on Herring North ofVancouver island

Differences in length, weight and age relationships are beingemployed to supplement the work on vertebral counts and age composition, witha view to procuring additional evidence of the extent of lntemingling of her-ring rune north of Vancouver island. The affinities of the Aaltanhash inletrun to the other major herring runs adjacent to the mainland ( namely Laredosound , Smith inlet and Union bay) has not been clearly shown by studies onvertebral counts or age composition. Vertebral studies have not demonstratedlack of extensive intermingling between the runs to Aaltanhash inlet andLaredo sound, Evidence that intermingling is limited or absent between therun to Aaltanhash inlet and those to Smith inlet and Union bay has only beenelearly demonstrated for one year class in each case. In the case of agecomposition significant differences occur between individual samples frem theAaltanhash run. This variation makes the task of comparing differences adifficult one. Length-weight studies , however , clearly demonstrate the in-dividuality of the runs under discussion. Figures ibr the average length andweight at each age follow:
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Locslity II III rv y vi VII VIII IX

length
154.6
173.1
171.6
165 , 7

165.0
184.3
183.6
188.0

Smith
Laredo
Union
Aaltanhash

180, 6
208.1
214.5
216.2

175.7
204.1
206.3
215.5

172.4
171.4
194.0
199.5

172.9
197.1
200.3
205.3

190.2
211.0
221.0
223.5

145 ,6
134.4

weight
60.0
84.5
95.8

116.1

84.2Smith
Union
Laredo
Aaltanhash

61.4
92.5

65.1
102.7
112.6
144.3

43.3 53.3 70.956.3 70.630.7 113.9
121.3
148.4

115.0
125 ,5
166.4

64.9 99.8
124.6

79.7
94.625.7 57.9

All areas show a distinct rate of growth. With the exception ofthe III year old group , fish of a given age frcm Aaltanhash inlet are longerand heavier than fish of the same age frcm Laredo sound. Union bay fish areoutstanding in being lighter , but nevertheless longer ( except in the Ill’sand IV’s) at all ages than fish from Laredo sound. Herring in the northernareas rarely enter the commercial fishery before they are three or four yearsold. Such groups of fish , therefore , would only migrate to feeding groundscharacteristic of the run the following spring. Because of this one wouldnot expect differences in length and weight to be as great or consistent inthe younger age groups as in the older age groups. This condition then mayaccount for the exceptions mentioned above in the III and IV year old fish.
Differences in the length-weight relationship may be furtheremphasized by comparing the ’’condition" (0 = 1,000 ,000 weight ) of the fishat different ages. Figures obtained

for the various runs were as follows:
[

length^ 9 ^
Locality II III IV VIIV VI VIII IX

Union
Smith
Laredo
Aaltanhash

2.362.39 2.112,24 2.44
2.58
2.69

2.312.44 2.35
2.56 2.612.50 2.54 2.53 2.532.66 2.83 2, 69 2.682.68 2.71

2.922 , 49 2.73 2.96 2.98 2.882.92 2.94
The table clearly illustrates that significant differences in conditionoccur between the four major runs. Consistent differences , in fact , are soapparent that extensive intermingling between the runs is unlikely.

Analyses of length-weight and age relationships will be continuedin the future since additional information may be gained on the extent ofintermingling 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 present includes comparisons of vertebral
counts, age composition and length-weight relationships. Length-weightstudies 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 Charlotte
islands(which includes runs to Burnaby strait, Lagoon bay, Atli and Bigsby
inlets), the Central area(including runs to Klemtu passage, Smith inlet
Bella Bella, Laredo sound, and Aaltanhash inlet), and the Northern area(Union
bay).

Within the central area the affinities of the Aaltanhash run are
obscure. Evidence that intermingling is limited or absent between the run
to Aaltanhash inlet and those to Laredo sound and Klemtu passage is not avail-able frctn vertebral data0 Further, 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 in IV v VII VIIIVI Av.rx+

4,628.3 0.8Union bay
Aaltanhash
Laredo
Bella Bella
Smith
Klemtu

14061.2 4.242.2
10,8
18.C

7.9 0.3
48.9 4,88.13.814.0

61.8
73.0
33o3
21,5

2.4 3.45 o3
3.86.6 6.4 1.84,9 0.3

6.0 3.413.0 l.o 4.02.0
17.8 6.6 14,6 15c6 3.88,4 5.1
31.610,1 1.3 4.312,7 10.112,7

26,7 10,6 6.931=8
42.0
40,2

6,4Burnaby
Lagoon
Atli
Bigsby

4.912,4 5.0
20.6 5.62.8 1.9 4.29*3 10.3 3.7

6,2 3.1 4.1 4.210.3
12.4

2.034,0
34,3 7.6 5.64.61.9 17.1 12c4 9*5

From the table it is evident that the runs adjacent to the mainland
have distinct differences in their age composition and therefore may(except
for the Aaltanhash run) be considered as distinct 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 difficult to
compare differences in age composition,

In the Quean Charlotte islands differences in age composition also
suggest the isolation of the four runs sampled. Statistical comparison
between the runs to Lagoon bay and Atli inlets, which 1HVO the same average
age, indicate that there 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 characters indicate that intermingling was either limitedor absent between the various runs under discussion, with the exception ofthe one to Aaltahhash inlet. This run forms a unique group and no definiteconclusion can be made(see length-weight studies), either on the basis ofvertebral counts or age composition.
Racial studies will be continued in northern B.C. in an effort todetermine, the extent of intermingling between runs, fluctuations in abun-dance, and to provide essential data necessary for the control of the fishery.

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

The insertion and recoveiy of herring tags in 1940-41
The programme of herring tagging and tag recovex’y, designed toyield infoimation on the movements of herring and the existence and stabilityof local populations has been continued. The methods were the same as thosedescribed in previous reports and involve the use of internal metal bellytags and the recovery of these by means of magnets in the meal lines of re-duction plants and induction detectors which isolate the tagged fish fromconveyors. The results for the 1940-41 season have been published in detailin the Report of the B.O. Fisheries Department, 1940, but are reviewed herebriefly.
In all of the recoveries made by tag detectors and in some of thosemade by magnets, the fishing ground from which the fish bearing the tag wastaken is known with certainty. In many of the recoveries made by magnets,however, there is some doubt as to the origin of the fish and it has beennecessary, as in previous years, to determine the most probable place ofcapture from an impartial consideration of the origin and tonnage of fishprocessed prior to the date of recovery.

The following conclusions and comments arise from the results:
The results give additional evidence that for practical pur-poses the herring of major areas, viz., the east coast of Vancouver island,the west coast of Vancouver island, Q,ueen Charlotte sound, the central coast-line and the northern coastline, may he regarded as separate units with but asmall extent of interchange between them, This is shewn h:̂ the followingsummary of the results:

1.
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General locality of recovery
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This table indicates that 96 percent , of the tags were recovered from thesame general area in which they were inserted* The results for Discoverypassage are included to show the interrelation between fish caught in thisarea and those from the strait of Georgia and Queen Charlotte sound.

The following table shows that on the west coast of Vancouverisland there is a tendency for tags to be recovered from tho same areas inwhich they were used , although considerable interchange takes place.
Locality of recovery
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86Barkley sound
Sydney inlet and Clayoquot sound
Nootka sound and Esporanza inlet
Kyuquot sound
Quatsino sound
Outside West Coast

4 5
1023 27 5
76621 29

n 409 22
11 4 19 3

3473 2

It may be calculated that of the 399 west coast recoveries 232 or 63?. wererecovered from the same tagging area , or , if Nootka sound-Esperanza inlet"Kyuquot scund is considered as a unit , 233 , or 7lf* were recovered from thosame tagging area» Of particular interest is tho large number of Quatsinosound tags recovered from Kyuquot sound , chiefly from '^outside" waters. How-ever, calculations indicate e lower concentration of Quatsino tags in Kyuquotsound fish than in the few tons actually caught in Quatsino sound .
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Tags taken on the east coast of Vancouver island were rela-tively fewer in number than might have been anticipated from the tonnage offish caught . This Is related to the anall quantity of fish reduced and thelarge quantity canned. In the latter process, many of the tags are eitherlost or are canned with the fish , for there are very few magnet recoveriesfrom the offal.

3

4* There is additional evidence that fish spawning on strait ofGeorgia grounds, particularly those in the northern portion, contribute tothe fishery at Discovery passage. A movement of fish tagged on spawning
grounds near Discovery passage to Queen Charlotte sound fishing grounds isindicated but not proven , owing to the doubtful nature of some of the re-cover!es.

3 « Apart from the movement indicated above, the Queen Charlotte
sound herring may be regarded as distinctly independent of those in other
major areas, There is evidence of a tendency to form local populations invarious sub-areas of the sound.

60 The relatively low number of returns from central and northernBritish Columbia is due to the small tonnage of fish reduced.
The results for the Central area are in keeping with those oflast year in indicating tags inserted near Kwakshua passage were mostly

recovered from that sane fishing ground and those inserted near Laredo inletwere mostly recovered from Laredo inlet. The status of the population atAaltanhash inlet , a new fishing ground, is uncertain.

7.

8. In northern British Columbia, the indications are that some ofthe fish which spawned in Big bay and Duncan bay were taken later in the Harkcanal and Union bay.
Tagging

The tagging during the 1940-41 season was continued and a total of
24 ,471 tags were inserted. Towards the close of the fishing season , 1,197tags were used on the south-east coast of Vancouver island. During the
spawning season, tags were used as follows: strait of Georgia, 4 , 947 ; QueenCharlotte sound, 200’ west coast of Vancouver island , 9 ,7395 central BritishColumbia, 5 > 877 > northern British Columbia , 2 ,491. Tagging in the Discoverypassage and Queen Charlotte sound aroas was disappointing, the former becauseof a comparative failure in herring spawning in the area and the latter be-cause of unfortunate timing of the tagging trip through the area.

Seine boats used in tagging were loaned through the courtesy of
British Columbia Packers, Ltd. , and the Canadian Pishing Company, Ltd.

R.V. Boughton
tagging; L. quickenden , tagging and installing equipment; Miss A. Russell,filing and tabulating records; temporary help comprising three boat crews
for about a month during the tagging period.

The investigation has enjoyed the following help:
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The investigation is being continued in the 1941-42 season to

extend knowledge of the movements of herring in localities in which the work
has not been extensive or concerning whose status there is considerable doubt.
It should bo pointed out that with the largo quantities of herring being
canned, the number of tags recovered and thus the amount of information ob-tained, will doubtless bo less than in previous years.

No.37J.L. McHugh

Studies on young herring

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

Examinations of the vertebral number and growth of young herring
lead to the following comments: (l)Significant differences in average
vertebral number which tend to remain constant from year to year can be
demonstrated between the young frem 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
vertebrae* (3)Within a sample, the largest fish tend to have a 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 developed under
almost identical environmental conditions. It is therefore more probable that
the phenomenon is caused by differences in inherent developmental rate than by. (4) As in adults, the variation in moan total count
between localities is made up almost entirely of a difference in the moan
abdominal count. Within a sample, however, both abdominal and caudal counts
vary, and an increase in total count produces a disproportionately large gain
in mean caudal count. This must also be an effect of variation or inherent

environmental factors

developmental rate, since the caudal count varies about the same mean in
almost all samples, (3)A disproportionate rise in mean tail vertebrae in
individuals having higher total counts has been observed within a 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 be
used in separating populations.

The following comments are based on the study of vertebral varia-tion or abnormality:(l)Vertebral abnormalities can be classified according
to general type, (2)Most abnormalities are bilaterally assymetrical. (3)
Examination 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 differ significantly in the frequency of occurrence
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of abnormalities* The proportion of these seems highest in samples withrelatively low average vertebral numbers and since vertebral number is knownto vary inversely with water temperature during early development, temperature
may be a 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 bo 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 per seine boatthe season of 1941 was highly successful.
The season was characterized by the small size of the fish whichwere taken by the fishery, A majority of the fish were less than 230 mm. inlength. The radical change indicated by this condition is emphasized by

consideration of the fact that in several years practically no fish were less
than this length.

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

The prognosis for the fishery , while improved in view of the goodseason just experienced, is still uncertain and hinges around the actual
abundance of the small pilchards which were certainly highly available during
the I94I season. If the fish were really as abundant as their high avail-ability away from the recognized center of abundance would indicate, they
should usher in a 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 danger signal . As pointed out elsewhere there isreason to hope that 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.

No. 39J.L. Hart

Sampling the pilchard catch in 1941
Pilchard sampling was continued at Kildonan and Hecate during theseason of 1941. The downward trend in length observed over the last fouryears was continued as is shown by the following figures.

Year FemalesMales
mm. mm.

248.0
246 = 4
241,0
236.7
220.0

1937 232.0
251,0
245.4
241.9
222.0

1938
1939
1940
1941

The decline in size of the major group of fish supplying the fishery is notso great as that indicated since the averages were brought down by thepresenoe in the fishery of a secondary group of small fish with lengths
centering around 200 mm. The central tendency for the major groups is 225mm. for males and 232 mm: for females,
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Grouped according to fishing areas the samples again show differ»-enoes with latitude. In the following list the areas are cited from south
to north from the Washington coast to north of Estevan point on Vancouver
island.

Fishing
area

îfeles Females
mm. mm.

202,83 (1 sample)
229 *92 ( 2 samples)
217 * 41
229.97

IX 207.24
227.67
215.41
226.85

X
XI

XII

The difference between areas XI and XII ( whore most of the catch was made
and which are best represented by samples) results from both an increased
representation of the secondary group of small fish in XI and a lower oontral
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 C.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 length sampling programme. The results of these
determinations will be made available to the Board in due course.

No. 40J.L. Hart

Availability of pilchards to fishermen

As in former years data have been supplied by the fishing industry
concerning 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
I940 — 1175
1939 — 210
1938 ~~ 2150

1937 — 1500 c.
1936 — 1520
1935 — 2220
1934 — 2120

A certain amount of pilchard fishing was carried out in the area
north of Vancouver island during 1941. The complete data are not yet at
hand for the fishing but partial returns indicate that availability was con-siderably lower there.
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Pilchard tagging

The pilchard tagging programme has been reduced by dropping pil-chard tagging from ‘the commercial catch» This was done for two reasons: (l)
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) Economy of effort » The programme 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
tagging 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 Washington California Total

Canadian Tags
1938
1939
1940

Spring 1940
("Homesteader")

Oregon Tags

1 1
1 1

2xx
1 1

1

18California Tags 18

24

Three of the California tags have been out for a full four years.
The approximate times out for the California tags are as follows: 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 with last year (1.4) is believed due to two causes:
(l) 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 hoped that it will be possible to tag several other
lots of 1939-year-class pilchards in other localities around the strait of
Georgia.

J.L.Hart No. 42

Young pilchards in British Columbia

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 summarized 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 waters and the results are presented briefly herewith.
Sampling.
18 samples as follows;

The measurements of young fish may be regarded as bel onging to

Length (central
tendency or range) mm.Date, 1941 Source of sample

Jan. 6
Jan. 8
Jan. 27
Feb. 22
Feb. 22
Mar. 6
Mar. 9
June 1
June 2
June 2
June 7
June 8
June 14
June 17 & 10
June 23
July
September
Nov. 20

Saanich inieft (dead)
Pender harbour (dead)
Brentwood (dead)
Narrows arm
China Eat
Cabriola bluff
Kendrick arm
Barkley sound
Barkley sound
Sydney inlet
Noctka
Hesquiat
Barkley sound
Barkley sound
Neutchatlitz
Berkley sound ( ccinmerciar)
West coast ( commercial)
Pender harbour

148
158
131
165
160
163
176
104. 146
109
170
170
173
112 ( range 106-162)
I05"l69 ( range)
180
186
200 c,
200

The most interesting inference from these data is tint again in 1941 there was
an immigration into British Columbia waters of Il-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 I94O-
41, The immigration evidently did not occur on anything like the sane scale
as that of the previous season and after the first few catches the young fish
disappeared. Fish of the 1939 yeaiv-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 can 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 existence of two groups of I939 fish of different sizes on the outside
coast. These are not separable in our data. A.ge estimates have been checked
by Dr. Walford who visited the Station for the purpose of examining the
material on hand.
Mortality, The mortality of young pilchards will be dealt with in another
report ( Dr. Foerster et al» ). It is sufficient here to state that the mor-
tality occurred, and to call attention to the following remark in the Summary
Report for 1940, .interest attaches to reports frem three sources of
pilchards being stranded and killed in fresh wat r creeks and on tide flats."
Early in November , 1941 considerable numbers of pilchards were stranded and
killed on the tide flats at the head of Pender harbour. It will be interest-
ing to see if this occurrence is again the precursor of a general mortality.



- 55 -

No. 42J.Lî Hart

Abundance of the 1939 year class,
was reported that attempts to have Mr* J.B.Phillips of the California State
Fisheries Laboratory extend his young fish survey into northern waters had
fallen through. Since that time J,L. Hart has had the opportunity of disous-
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 and should contribute materially to our
fishery. The conclusion should, however, be drawn with reservations due to
the method of estimation end to the unknown and unpredictable effects of the
mortality which occurred during the winter of 1940~41» Mr. Loyd Royal of the
Washington State Department 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.

In the Summary Report for last year it

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

No.43Foerster. R »E.
The monta],ity of young pilchards

During early January heavy mortalities occurred among pilchards
frequenting Pender harbour and Saanich inlet, in the strait of Georgia.
Examination of affected fish disclosed no external wounds, only very definite
red, haemorrhagic areas on the skin, in many cases the blood oozing out from
underneath the scales. No internal lesions were noticed except for a highly
inflamed gut and haemorrhaged muscle tissue. Field studies of environmental
conditions were made and specimens submitted to Dr. Duff for bacteriological
and pathological examination,

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

i

Assisting in making field, observations were Drs.Pritchard, Tester
and Boughton, Mr0 Tully conducted numerous water sample analysis in the
field and Dr. Duff made bacteriological and pathological studies both on
samples submitted to him at the University of British Columbia and also in
the field.
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Ling cod tagging

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

Considerable time and effort was expended in devising a new typo of
tag which was adaptable to ling cod. The strap tags whioh had been used
during the first two seasons were found to be not dependable for consistent
results. On some fish the tags appeared to be very effective, but on others
(since 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 was on the point of
being lost, and many tags no doubt wore lost in this way. Several of the
accepted tagging methods were tried on fish confined in a bait box. The
most satisfactory method WB3 found to be a new one involving the use of a
tag made from a numbered strip of red celluloid bent into a circle which
overlapped itself by about one half a turn. Those tags wero placed around
the maxillary bone(which forms the upper jaw) which is obviously too heavy
to be eroded away. Dota 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 feeding are not impaired by its presence.

Only 168 fish wero tagged during the season. One hundred, and
fifty-six of those were tagged with the new type of celluloid tag;. 151 on
commercial fishing grounds. From these 16 returns were made. This indicates
a recovery rate of more then 10 percent in the first nine months whioh
compares favourably with the general rate. The recoveries made since the
preparation of the last Summary Reports continue to indicate small movements
as being the rule for ling cod. Of tho 33 recoveries for which the data may
be considered 14 show no movement. 16 show little movement, and 3 show con-siderable movement'—this in spite of the fact that errors in reporting
localitios of recovery will give false indications that migration has taken
place.

No. 45J.L. Hart

Ling cod sampling

Sampling the commercial satch of ling cod is practically impossible
since each catch differs from every other depending on th9 grounds visited by
the fisherman in the course of his trip. The ling cod sampling programme
depends therefore upon the fishing for scientific purposes, and it has, ac-cordingly, like the tagging programme, suffered as a consequence of the
distraction of effort to the herring tagging programme.

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:



- 57 -

No.45J.L. Hart

Percentage 1000 mm,
or more(c,24 lb,)

Percentage 540 ram.
or less(c. 3 lb.)

General area
Closed area

21.40
20 0

In view of the small number of specimens involved, the similarity betweenthese data and those for last year is more striking than the differences, andthe new records can be regarded as largely confirmatory of the earlier ones.

No.46J.L. Hart

Fecundity of ling cod

The relationship of fecundity of ling cod te size and habitat hasa definite bearing upon the conservation of the species and, accordingly,upon the administration of the fishery.
The smoothed data from a preliminary study of the relationshipbetween egg number and size in ling cod from the commercial grounds in thestrait of Georgia gave the following indications:

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

225,000
350,000

950 315
1100 500

From these figures it is evident that while the length of the fish increases38 percent, weight increases 163 percent, and egg number increases 250 per-cent. Further investigation will be necessary to improve the accuracy ofthese estimates and to discover whether they hold on over-populated grounds.

J.L. Hart No.47
Ling cod statistics and questionnaire

The available ling cod statistics are of little biological signi-ficance. It is, accordingly, proposed to introduce a system of collectingling cod statistics which will give adequate information on the exact localityof fishing and upon the fishing effort required to produce the recordedcatch. For former years, and for general information, it is proposed toobtain information by a questionnaire submitted to fishermen. While thequestionnaire is being circulated it is proposed to include inquiries of asociological and technical nature. It is intended to visit fishermen personallyas far as possible and to assist them with filling in the answers. A conden-sation fran the tentative form of the questionnaire follows:
Fisherman: name, addross, racial origin, nationality, age, sex, married?

1.
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no. of children, years of experience in the ling cod fishery , general
localities fished in different years.

Boat: name , length , breadth, draft , tonnage, engine , pov?er gurdies? ,
has the boat always 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
catch fish does the fisherman consider resulted from the changes made in re-
gard to boats?

Crew: does the fisheman fish alone?, any change in this regard , sex
of assistant , fisherman’s estimate of the value of assistant in actually pro-
ducing more fish.

Goar: line, weights , spreader bars , number of hooks per spreader bar ,
kind of hooks, length and weight of leader , bait , lead line , spoons or other
artificial lures , what changes have been made in the fisherman’s practice in
regard to each of th9 above? , what increase in the ability to catch fish does
the fisherman consider has resulted frcm whatever changes have been made? ,
what ideas has the fisherman about other types of gear.

Fishing 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 satisfacto^ 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 ccd.

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 unsatisfactory what does the fisherman consider the cause
of the difficulty? , if the condition is considered unsatisfactory what remedies
does the fisherman recortmend? , if the condition is considered satisfactory
does the fisherman 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?

2 .

3.

4.

5 .

6.

Collection of statistics: 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
fish caught , and the approximate day fish caught , what suggestions has the
fisherman to offer as to the most effective method of collecting this informa-
tion, taking into consideration the understandable reluctance of the fisherman
to broadcast the details of his fishing activities.

7.
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The smelts of British Columbia

A bulletin has been prepared on the four species of smelt foundin British Columbia , covering the identification of the species , life history ,commercial and other uses, and the condition of the fishery. Two of thespecies dealt with , the capelin and the long-finned smelt are of no commercialimportance , and no protective measures appear warranted. The supply of silversmelt or surf smelt appears to have declined but the present regulations areprobably sufficient to provide for continuance of the supply of fish at thepresent level. The availability of eulachon has been the subject 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 morecomplete system for collecting statistics has been introduced.With the exception which follows it is recommended that direct workon the British Columbia smelts be stopped. The eulachon, like the Pacificsalmons , dies after spawning , and the dead fish drift downstream in largenumbers. These fish appear to be in good condition and it is likely that theyare so since the current is swift enough to carry a passive object from thespawning grounds to the sea in less than twenty-four hours . It is proposedthat provided the work can be done without serious inteference with majorinvestigations an examination be made of (1) the feasibility of catching largequantities of dead eulachon , and ( 2) the suitability of the dead eulachon socaptured 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 gain would be achieved without possible repercussions to theconservation of the fish.

No. 49J.L. McHugh

The collection of eulachon catch statistics

The collection of eulachon catch statistics was begun as part ofthe response to a request from the Department of Fisheries for advice con-cerning the advisability of acceding to certain suggestions from a sectionof the fishing industry which , if followed , would have led to a great increasein the take of eulachon from the Fraser river. No dependable informationbearing on the present or former abundance of eulachons was available or couldbe derived from the catch statistics on file. It was , accordingly , suggestedto the Department that catch records be collected in such a way as to give aclear indication of the effort expended in making the eulachon catch. Withsuch statistics as a basis calculations of availability of fish can be readilymade. It is recognized that availability and abundance are not synonymous,but they are undoubtedly related , and to date a better measure of abundancethan availability has not presented itself for situations where it is notpossible to make counts of the fish.
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Daily records filled out by the fisherman and collected by theDepartment of Fisheries have permitted the calculation of the amount of fishcaught by ICO square fathoms of net in an hour , which is regarded as thecatch per unit of effort. The following analysis of the first year’s fisheryillustrates the type of information which is available through the collectionof such statistics: In 1941 fishing on the Fraser began on March 16 , and thecatch per unit of effort remained relatively low (less than 30 lb.) untilApril 10.
it remained greater than ljjC lb. until May 3.
negligible ( less than 1C lb. per unit ).

(Prepared by J.L. Hart )

By April 20 the catch per unit had risen to more than 200 lbs., and
After May 5 the catches were

J.L. Hart No. 50
Anchovy Fishing

For many years the anchovy has been a sporadic entrant to BritishColumbia waters. Recently they have been exploited on the west coast ofVancouver island and have supported a substantial minor fishery. As thespecies appear to be capable of representing some 40 ,000 dollars in goodyears , it was decided to collect data on it when this could be done withoutinterfering with the investigations of more valuable species.
The sampling work so done has demonstrated the status of the anchovypopulations present in British Columbia waters during the last two years: Inthe early summer of 1940 anchovies of the 1939 year class in the company ofpilchards of the same age invaded tho strait of Georgia and the inlets on thewest coast of Vancouver island , supplying minor fisheries on both sides ofVancouver island. In 1941 anchovies of the 1940-year class entered the westcoast inlets and formed tho basis of a considerable fishery. In our rathersparse data there is no indication of anchovies of this year class in thestrait of Georgia and the samples examinod appeared to be drawn from theremnants of the fi âi which entered the strait in tho previous year. Theregular occurrence of second year anchovies on the west coast of Vancouverisland cannot bo depended upon. A large proportion of the anchovies presentin 1939 wore of the third year group ( F.H.Co Taylor Summary Reports , 1939)and in some seasons anchovies are not observed in British Columbia 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 36 mm. long with a bucket.Although anchovies are known to spawn and produce young in local waters , Itis not believed that the supply of fish depends upon local spawnings.
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Albacore Fishery

The fishery for albacore is one of unknown but possibly large
potentialities for British Columbia. Data on the Canadian landings can be
exchanged for similar infomation frcm 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 frcm
off(25 mi.) the Washington coast, although same of it originated from as
far north as cape Cook on Vancouver island. One sample which was measured
had an average length of 27 inches(to the fork of the tail), and an average
weight 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 frcm storage
prior to canning. The extra time involved in carrying out the whole investi-gation should not amount to as much as one week.

No. 52J.L. McHugh

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 râiich have been submit-ted for publication, and the third of which is on file at the Pacific Bio-
logical Station.

Food studies(published in 194-0) showed that although the species
is essentially a bottom feeder with a preference for insect larvae it will
turn to whatever available food it can handle. As thev 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. Fast-growing individuals tend to
maintain their superiority in growth rate throughout their existence. Slow-growing populations eventually roach a maximum length similar to that of the
fast-growing fish, and, accordingly, reach a greater age.

Biomotric studies of Rocky Mountain whitofish show the species to
vary considerably in body proportions with locality and ago. Tnxonomically
the spocios is in nood of a revision for which tho data on filo should prove
of groat value.

(Prepared by J.L.Hhrt).
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No. 53
Dogfish tagging

Due to the increasing value attaching to dogfish(grayfish) becauseof the high vitamin A content, its exploitation has notably increased. In-formation was desired concerning the migratory habits of the fi Eh to determinewhether the populations were more or less restricted to certain areas orwhether such migration occurred that the same populations were fished in var-ious areas during the season.
Early in June Mr. Paul Parizeau was engaged to conduct the work underthe writer’s direction and immediately commenced a study to determine whattype of tag might best be used. Strap tags applied to the caudal fin and tothe dorsal fin wore tested, also celluloid disk tags affixed by metal silverpins to the back below one or other of the dorsal fins and in the snout region.The disk tags appeared to bo most suitable and the snout the most desirablelocetion as there appeared to be less growth, also movement, in this region thenalong the dorsal area.
From sot linos operated off Departure bay during the first half ofJuly a total of 86 dogfi^i were caught, tagged and releasod, while 22 individ-uals wore obtained and tagged at Deep bay, above Qualicum. At this time ofthe year most of the commercial fishing was done by sunken gill nets and sup-plies of fish suitable for tagging wore not readily available. Throe tags fromthese tosts have already been returned, one from Departure bay taken in thenorth arm of tho Fraser after one month’s freedom, another from Departure bayrocovored off point Grey three months after tagging, while the third , taggedat Deep bay, was retaken in that samo area throe months lator.Lato in Novombor anothor tagging program was commenced, this timein the genoral vicinity of Saltspring island, and Swanson channel. Arrange-ments here were made for a tagger to accompany a regular dogfish fisherman andselect a certain number of each day’s catch, as it was taken off the hooka,for tagging and release. If funds permit, this tagging will be continued atintervals throughout the winter and spring. It is anticipated that in thecourse 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 inthe strait of Georgia for subsequent recovery.
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No.54Ferris Neave

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 presenx 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 commercial standpoint.

Throughout the summer daily records of water temperatures, chlori-
nity, pH, oxygen, etc., were obtained but no correlation has been established
between any of these physical or chemical conditions and the failure of the
larvae to spat.

No. 55 *Ferris Neave

Experiments in the Pond Propagation of Japanese Oysters

Further attempts 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 summary report, 19 0̂.

The dam was closed on Juljr 14, a large population of oyster lar-
vae being impounded. Physical and chemical 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 numerous until July 19, 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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Ferris Neave No. 55
(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 carriedout over a period of yea.Co 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 experiments under care-fully controlled conditions might yield more information than further attemptsto analyze the complex conditions obtaining in the sea. The experimental cre-ation of favourable conditions for larval development might render feasible
the production of spat on a commercial scale in tanks.

Ferris Neave No. 56
Statistics of the Commercial Clam Catch

Catch statistics are essential to an understanding of the present
condition of the clam fishery , the potential future condition and the man-ner in which production should be regulated. In order to indicate-- trends inproductivity , 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 theclam-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 usefor three years and efforts are being made to cover all areas as completelyas possible during the present season. Generally speaking , records for1940-41 were considered satisfactory and an analysis of the results will beavailable shortly.

Ferris Neave No. 57

Clam Productivity as Tested by Latin Square Plot Experiments

In order to obtain information on the productivity of clam beachesand the relation between production and frequency of digging , experimentalplots were established in 1938 and treatment of these has proceeded accordingto the plan devised at that time. Eü ch 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 ( 3) every second year ( 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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Ferris Neave No.57

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 endof 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, nowsupports 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 resources are being,or should be, exploited, should depend in part upon a knowledge of (1) theage at which clams attain legal size (2) the age composition of the commercialcatch over a series of years.
Evidence as to age may be obtained by (l) plotting of size frequen-cies (2) examination of growth lines on the shells (3) direct observationson marked individuals at suitable intervals of time. A large amount of datahas been obtained by each of these methods but still requires further analysis.Samples of the commercial clam catches from all the main areas were obtainedin 1941 and many additional samples were dug from specific beaches by Mr.Quayle, who also concluded a series of experiments on the growth of markedclams retained in pens under different conditions. Evidence was forthcomingof wide variation in the growth rate of clams from different beaches. It alsoappears probable that clams from the northern waters of British Columbia re-quire, on average, about two years longer to attain legal size than those fromsouthern areas.
Material on hand will be worked up and the composition of the com-mercial catch will be investigated again during the current season.
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Ferris Neave No. 59

Natural Propagation of the Butter Clan

While heavy digging operations are generally believed to have been
the main cause of recent lev; production in southern areas , the possibility
that other factors nay contribute to considerable fluctuations in the annual
catch should be considered *

Comparatively little is known concerning the conditions under which
the butter clam spawns , vh.ile the larva has not yet been identified with cer-tainty. Field observations by Mr. Quayle have suggested that the occurrence
of heavy annual spawnings should not be accepted as an unquestioned fact , andthat the incidence of certain recent year - -classes in the clam populations of
various localities is very low. Attention should be given to the effect of
natural fluctuations in the annual production of young clams as well as to thedepletion 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 1 bottoms is one of the mostaggravating and costly problems besetting marine interests.

Certain logging companies in British Columbia and Washington haveadopted the use of explosives as a means of preventing 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 istreated with charges of dynamite within three months after the piling is dri-ven. Further treatment is given at intervals of three months for the firstyear , after which yearly treatment is considered sufficient. At LadysmithB.C*, the practice is to give dynamite treatment once per month. Beneficialresults are claimed in both localities but it is evident that the proceduresadopted are not based upon any real knowledge of the action of dynamite ex-plosions on teredos , the minimum force necessary to produce mortality or thefrequency with which the explosive force should be applied. Further , littleis known concerning the effect of explosives upon the fish and shellfish lifein 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 larvalsetting is now being investigated experimentally at six localities on thecoast of Vancouver island. In each instance, wooden blocks are immersed atthree different levels. They are removed and replaced at intervals of onemonth and three months and will be examined for the degree of infestation ex-hibited.
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Daily Seawater Observations

Since 1934 daily observations 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:-1. As a general reference, similar to the meteorological records.
2. As a means of determining the duration of typical conditions

in coastal waters, which have been examined in detail by dy-namic surveys.
3. For comparison, and where possible, correlation to meteoro-

logical conditions.
4. For comparison, and where possible, correlation to the fishery.

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

1.
2»

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. Tîhen a
case of bottles is filled (about three months) it is returned to this station*,

where the salinities of the sea water samples are determined (by titration),
the bottles v/ashed, etc. and returned to the observer. Co-ineidentally 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 a 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. as a consequence the completed records are usually about six months
behind the actual observations.

The exposed 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 Transport. 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 observations 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 Annual Température
19401939

EXPOSED STATIONS - Pacific Ocean °?

1. Amphitrite Barclay sound Aug. 1934 to present Not 52.0
complete

50.7
50.2
43.9

2. Nootka
3. Kains island
4. Cape St. James

Nootka sound
Quatsino sound Jan. 1935 to present
Queen Charlotte July 1934 to present
islands-south
Queen Charlotte Sept.1940 to present No record
islands - north

Aug. 1934 to present 52.3
50.5
48.3

5. Langara Not
complete

Inland waters

6. William head Juan de Fuca
strait

Jan. 1921 to July
1940

April 1941 to pre-
sent

Georgia strait May 1936 to present
Nov. 1936 to present

49.1 Not
complete

No recordRace rocks »! No record

7. Entrance island
8. Cape Mudge

50.9
51.7

52.8
t! »? Not

complete
49.19. Pine island Queen Charlotte Jan, 1936 to present

strait
47.0

10. Ivory island
11. Triple island

Milbanke sound July 1937 to present
Hecate strait

50.4
Not

complete

51,4
51.2Oct. 1939 to present

SHELTERED STATIONS

12. Poplar island
13. Ladysmith harbour

Feb. 1927 to present
1934 to present

July & August only
Jan. 1919 to present
Jan. 1940 to present

Fraser river 48.2
70.0

48.6
69.3

14. Departure bay
15. Prince Rupert

; harbour
16. Shannon bay

53.5
No record

53.6
48.7

Masset inlet Dec. 1939 to present 55.5Not
complete

Not
complete

Apr. 1940 to present No record

17, Masset Masset inlet Nov. 1939 to present 50.9

18. Port Alberni Alberni inlet Not
complete

The labour involved in this program is comparable 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 bureau, fishermen and other interested parties. One years ' data
have been prepared and submitted but to date no aotion has been taken to attempt
publication.

The titrations, calculating and compiling have been carried out prin-
cipally 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, For 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:-1. Predict whether such a mill may safely dispose of its effluent

in Alberni inlet.
£, 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
circulatory 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 pollution
were suggested, but no guarantee was offered that the state of pollution would
remain within the permissible limits during continuous operation of the pro-posed mill.

A new study has been initiated in order to establish:

1. An estimate of the tolerable limit of daily sulphite liquor pol-lution under all natural conditions.
A prediction of the probable effects of the proposed mill under
all natural conditions.
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.

2.
3.

The problem may be illustrated by comparing the head of the inlet
to a tank containing (for argument's sake) 100 tons of oxygen, of which 50
tonB 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-mum 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. From 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,..

The position, with regard to depth and area, which the pollutant
will occupy in the system,

3. The rate of exchange of water between various parts of the system
and the sea.

r
C.m
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Then if the rate of oxygen demand of the pollutant is known, a reasonable ap-proximation of the equilibrium state in the inlet can be mad®.
The natural factors affecting these conditions are volume of river

flow (R), wind direction and velocity (77), and the height of tidal rise (H).
These may be related mathematically to the volume of flow (Qj) through a sec-tion (i) across the inlet, in the form,

/HQi = k]
_R + k£W + k3

then the integral of this function during a period 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 functions of the location of the section,
and the direction of flow, hence it is necessary to make observations of the
flow under varying conditions so that they may be determined. Previous direct
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, by courtesy of the Meteorological Service.
Records of the daily ra ;.e of discharge of the Sproat and Stamp
rivers, obtained through co-operation with the Water Power and
Hydrometric Bureau.
Tidal records in Alberni harbour, obtained through co-operationwith the Hydrographic Service, and Messrs. Bloedel, Stewart and
Welch.
Daily observation of the surface water temperature and Balinity
in Alberni Harbour. Samples obtained by courtesy of Messrs.
Bloedel, Stewart and Welch.

2.

3.

4.

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.
Distribution of dissolved oxygen in the head of the inlet
(area of probable highest pollution), and down the length of
the inlet.
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 pollution, if any.
Stratification of the water in the head and length of the inlet
to determine the probable distribution of the effluent.

6.
7.
8.

In addition to the expected cyclic variations in chemical and
physical properties of the water, with tide, season, etc., it was found that
there was a monthly variation in the dissolved oxygon content from about
20% to 100% saturation, in the zone of probable pollution. This introduces
a limiting factor which was not recognised in the previous report.
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The investigation was discontinued due to failure of the equipnænt,
but the work already done will serve as a guide to the extent and require-ments of the program, when or if the investigation is resumed.

Prom the present investigation it has been learned that the ob-servations must be large in number and very precise 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 accurate
estimation of the oxygen content of the water, its stratification, and path
of flow. During the present season the writer and one technical assistant,
Mr.Hollister, vâth a crew of three men in the M.V» "A.P, Knight", have been
making the required observations, which include the sampling procedure, sur-veying, and analyses. The mathematical analysis of the data, a tedious mathem-atical process, is being carried out by the scientist and assistant, and willrequire about twice as much time as the field operations.

No.63J.P. Tully

A Theorem of Turbulent Plow

At the present time sea water current velocities may be measured
directly by means of current meters and chip logs, whose use is restrictedto surface observations or to very protected waters, such as harbour works, etc.In the open ocean an indirect 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,

du\ 2

dz A3
n gkV B(Èl\WzjYpm

where represents the average velocity difference per unit depth in a sec-tion àz
A to B h is the depth of the section,fia. is the mean density and
change in density gradient from A to B.

From the above equation the velocity difference between the surfaceand the bottom in any section can be deteimined. Then the velocity differencein any depth interval can be determined from,

A

from A to B, g represents gravity, k is a constant, Y is the distance
is theM 3

A

ÜÜ* - du \l. = j/hl /d£\ B \* i> /hf fd£\
dz / AB Y ! fm ^dzy^ / lam \dz j ^Jdz t

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 ofturbulent flow, and it is believed that it will provide an instrument foroceanographic analyses which has been required for some time#Its application has been compared to Bjerknes' theorem on sui-table data and an excellent agreement has been obtained, (velocity gra-dients agree within 5Jfe)# 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 suchas 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 vaccine 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 1940 tests appeared
ample to support the findings, it was felt advisable to practice conservatism
in a new field of immunology, ana to withhold final recommendations 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-Octobex 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 vac-cinated fish and 3 out of 30 vaccinated individuals, in a period of 5 weeks.
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,
7/as 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 organism for
cutthroat trout of a given age is difficult to establish with exactitude).
This method of infection appeared definitely more severe than either of the
two previous methods, since 24 of 35 [&G%) vaccinated fish died, and 27 of
30 [90%) in the non-vaccinated group. It v/as 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 v/ould 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. Many 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
antigenic structure of B. salmonicida, and some progress was made upon the
lines indicated. During his investigations Mr. Freeman observed a new and
interesting variation of the organism, in 7/hich the shape of the bacterium
became changed, with no corresponding change in cultural, colonial or patho-genic characteristics.
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Recommendations.
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 Bacterium salmonicida
infection.

As a result of the immunity experiments of 1940-41, it is

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 admixtve 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 furunculosis. While the
preparation of the vaccine is a technical matter, its administration nay 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-gations 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.



75 -

C and E. Berkeley No.65
Polychaete Studies

The paper on the polychaeta of Southern California, referredto in the last report, was published by the Southern California Academy ofScience in a recent issue of their journal.
Work is now complete on the material collected on the west coastof Vancouver island in 1934, to which also we referred in the last report.We have also completed examination of material collected by Prof. Fraserin the Queen Charlotte islands in 1935 and by Mr. Williams, of the yacht"Stranger" in Alaska and the Bering Sea in 1937. '7e have combined the ac-counts of these three collections, together with that of other materialtaken in the sane 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 usfor determination by other workers. Amongst these the most noteworthy wasa primitive cirratulid Ctenodrilus serratus which was observed by Dr. A.H,Hutchinson in material taken in a plankton net from a confined area of waterin Ladysmith harbour which has been created in connection with work on oysters.Ctenodrilus serratus has been knovzn in Europe for nearly a century and has oftenbeen noted there in marine aquaria. It has been the subject of special interestand of several investigations by reason of its primitive morphological charac-ters (which have given rise to questions, not yet finally answered, as to itsaffinities) and its method of reproduction by autotomy. It has not previouslybeen recorded outside Europe so that its occurrence in quantity at Ladysmithis worthy of special note. We intend to record it in a suitable journal inthe near future.
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No. 66J.A. Munro

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 of136 specimens , was completed in 1940.
In the case of N. americana the principal winter food on salt wateris snail molluscs , the largest whole specimen found ( Alectrion mendicus )

measuring 12 mm. ; sea lettuce is second and small crustaceans third in impor-tance. Field observations shoved that herring eggs are an important foodalthough only one specimen contained this item. Specimens taken on freshwater had eaten seeds of Scirpus , Carex and miscellaneous vegetable natter ;salmon eggs, which occurred twice, and salmon flesh from the bodies of partlydecomposed fish which occurred three times , are more important food than theanalyses indicated. Specimens taken on Okanagan Lake showed Chara to be themost important food both in frequency of occurrence and average percentagevolume. Potamogeton and other vegetable natter are second and nollusca thirdin total percentage volume ; insects are of slight importance in the wintermonths.
Amphipods predominated in the food of N. affinis in the interior ofthe province ; these were taken by young a few days old, by adolescents and byadults. Chara and other plant material wore the chief food of three winter-taken specimens from Okanagan Lake; plant material and insocts predominated inthe food of eight late fall and winter specimens from Swan Lake; on the coastmolluscs and vegetable matter wore represented in about equal proportions.


